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Switzerland, the United Kingdom, and the United States—and two 
semi-industrialized countries—Singapore and Korea—studied by Mi-
chael Porter.32  These well-educated Koreans worked long and hard 
for Korea's success. The average Korean manufacturing worker, for in-
stance, worked 53.8 hours each week in 1985 compared with 33.1 to 
42.9 hours in OECD countries, including Japan, 44 to 48 hours in other 
Asian NECs, and 46 hours in Mexico.33  Even in 1994, Koreans worked 
longest among these countries. How has Korea invested for human 
resource development? What made Koreans work so long and hard? 

Fifth, Korea pursued an export-oriented industrialization strategy 
from the very beginnirig, when import substitution was stffl in its early 
stage. The Korean government made exports a life-or-death struggle 
in order to achieve economic growth goals. The government pushed 
and pulled firms with threats and promises. How has the export-
oriented strategy affected Korean firms in technological learning? 

Finally, the government and chaebois used crises as a major means 
of technological transformation. The government deliberately imposed 
a series of crises on firms by demanding that they achieve overly 
ambitious goals. Top management also constructed a series of crises 
as a strategic means to expedite technological leaming. How have 
chaebois tumed these crises unto creative opportunities for expeditious 
learning? Why is crisis construction a useful means of technological 
transformation? 

APPROACH ANO ORGANIZATION OF THE BOOK 

This book attempts to answer these questions and shed light on the 
dynamics of technological learning in transformation from imitation 
to innovation. Understanding the dynamic process of technological 
learning calis for a multilevel, multidisdplinary approach. It requires 
one to examine interactions among áctors at the macro, meso, and 
micro levels.34  It also requires one to analyze the process from several 
perspectives—technology, economics, management and organization, 
sociology, and cultural anthropology. 

There are numerous books about Korea's economic development. 
Many authors have treated the subject from a macro perspective, 
focusing primarily on government and its macroeconomic perfor-
mance.35  Several have discussed Korean firms at the micro level, 
focusing mainly on their cultural, anthropological, managerial, or 
technological aspect, but few have looked at the interactions between  

actors at different leveis and from a multidisciplinary perspective .36 

One exception is Alice Amsden's work on Korea's late industrialization, 
which analyzes the role of the state and its interaction with big busi-
nesses primarilv from a macro perspective. But Amsden also examines 
the process of imitative learning of two selected industries at the micro 
level. 17 

In contrast, the primary focus of this book is the dynamic process 
of technological learning at the microeconomic level-'--the firm as the 
unit of analysis—examining how firms learn and unleam in response 
to changes in market and technology. It is the firm that brings about 
product and process changes in order to survive and grow in the 
competitive market, and that in turn enhances international competi-
tiveness of the economy. This book also examines the dynamic work-
ings from macro and meso perspectives in attempts to understand the 
mechanism of technological learning at the firm level ho!istically. 

Part 1 examines the state role and sociocultural factors under which 
Korean firms have accumulated technological capability. Chapter 2 
discusses industrial and technological policies that to a great extent 
shape the external enviromnent of firms. Chapter 3 examines the 
educational system and sociocultural factors that mold the characteris-
tics of well-educated, hardworking Koreans. 

Part II analyzes industry cases, depicting the transformation from 
imitation to innovation. Chapter 4 provides several analytical frame-
works to help readers deepen their understanding of industry case 
studies. Chapter 5 discusses the automobile industry, an interesting 
case that illustrates most vividly how crisis construction facilitates 
technological leaming. Chapter 6 examines the electronics industry, 
which has made significant strides from reverse engineering to strategic 
alliances. Chapter 7 treats the growth of the semiconductor industry, 
which has leapfrogged into the world's frontier in memory chips. 
Chapter 8 presents the case of small and medium-size firms, showing 
two contrasting patterns. 

In Part ifi, Chapter 9 draws conclusions on Korea's technological 
learning. Chapter 10 outlines the implications of Korea's technological 
learning for public policyrnaking and corporate management and ad-
dresses implications for other catching-up countries as well as technol-
ogy suppliers in advanced countries. 
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located knowledge or products which would meet the market needs, 
and activities that would infuse these two elements into a new project. 
Reverse engineering also involved purposive search of relevant infor-
mation, effective interactions among technical members within a proj-
ect team and with marketing and production departments within the 
firm, effective interactions with other organizations such as suppliers, 
customers, local R&D institutes, and universities, and trial and error 
in developing a satisfactory result. Skills and activities required in these 
processes are in fact the same in innovation process in R&D. 

The aboye discussions lead to two questions: How did Korea ac-
quire the technological capability to undertake duplicative imitations—
reverse engineering—in the 1960s and 1970s? How has Korea 
accumulated enough capability to conduct creative imitations and 
innovations in the 1980s and 1990s? Part II of this book answers these 
questions. 

DRIVING FORCES 

In the evolution from duplicative imitation to creative imitation and 
innovation, the configuration of Korea's production and exports has 
changed significantly. In the mid- 1 96 Os, Korea began exporting tex-
tiles, apparel, toys, wigs, plywood, and other labor-intensive mature 
products. Ten years later, ships, steel, consumer electronics, and con-
struction services challenged established suppliers from industrially 
advanced countries. By the mid- 1 980s, computers, semiconductor 
memory chips, videocassette recorders, electronic switching systems, 
automobiles, industrial plants, and other technology-intensive prod-
ucts were added to the list of Korea's major export items, with the 
semiconductor chip topping the list in terms of export value. In the 
mid-1990s, Korea is working on such next-generation products as 
multimedia technology, high-density television, personal communica-
tion systems, and a new type of nuclear breeder. By 1994 Korea ranked 
second in the world in shipbuilding and consumer electronics, third 
in semiconductor memory chips, fifth in textiles, chemical fibers, petro-
chemicais, and electronics, and sixth in automobiles and ¡ron and 
steel.3° 

What are the driving forces underlying the dynamic process from 
imitation to innovation in Korea? There appear to be several conspicu-
ous major characteristics, some idiosyncratic to the country: the Ko-
rean War, which transformed Korean society; strong government,  

which directed industrial development; large conglomerates—chaebols, 
the Korean version of the Japanese family enterprise zaibatsu—which 
served as engines; hardworking Koreans who empowered these en-
gines; an export-oriented strategy, which imposed competitive pres-
sure on Korean firms; and crisis construction as a major means of 
expeditious technological learning. 

First, the 1950-1953 Korean War set the Korean econorny twenty 
years back but made a major impact on Korean society, drastically 
transforming a rigid class society into a flexible, classless society. What 
was the impact of the war on the formation of Korean mental attitude 
and organizational life? 110w did the war impact technological leaming 
in subsequent decades? 

Second, one of the most conspicuous characteristics of the industri-
alization of Korea is the strong government and its orchestrating role. 
The government heid the wheel and supplied the fuel, while private 
firms, particularly chaebols, functioned as the engines. This prompts 
several questions: What made it possible for the government to become 
so strong in Korea? What made Korean technocrats so smart as to make 
their intervention relatively effective amid widespread and generally 
inefficient state intervention in most of the Third World? How has 
Korean government learned relatively effectively from Japanese expe-
rience? What policy mechanisms has the government used in facilitat-
ing technological leaming in industry? 

Third, behind the remarkable industrial growth are big businesses, 
which have emerged as powerful engines in the past decades. Korea's 
four chaebols—Samsung, Daewoo, Ssangyong, and Sunkyong—were 
on Fortune magazine's list of the world's 100 largest industrial corpora-
tions in 1992. Hyundai and LG, formerly Lucky-Goldstar, two of the 
three largest chaebols in Korea, coyly resisted revealing their group 
revenues, but if they did, they would probably rank just aboye or 
below Samsung. That is, Korea's six largest chaebols all rank among 
the top 100 global industrial enterprises.3 ' How has the government 
helped chaebols form and prosper? What role have the chaebols played 
in acquiring technological capability for labor-intensive industries in 
the 1960s and 1970s and for technology-intensive industries and the 
globalization of Korean businesses in the 1980s and 1990s? 

Fourth, these chaebols employ well-trained, hardworking Koreans 
who have empowered the Korean engines. Deprived of natural re-
sources, Korea finds its greatest resource in its human resources. Com-
mitment to education by Korea was the strongest among the eight 
industrialized nations—Denmark, Germany, Italy, Japan, Sweden, 
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as much understanding of the technological elements and the nature of 
their combination as possible and fil in remaining gaps by independent 
efforts.26  Or the imitator must rely substantially on technical assistance 
in various forms from the forerunner. For this reason, it requires 
considerable intemal capability to identify the nature and source of 
relevant technology, to negotiate its transfer or reverse-engilleer, and 
to assimilate so as to be able to apply it to the specific market needs and 
material availabilities facing the firm. Duplicative imitation conveys no 
sustainable competitive advantage to the imitator technologically, but 
it supports competitive edge in price if the imitators wage cost is 
significantly lower than the imitatee's. 

For this reason, when it is legal, duplicative imitation is an astute 
strategy in the early industrialization of low-wage, catching-up coun-
tries, as such technology is generaily mature and readily available 
and duplicative imitation of mature technology is relatively easy to 
undertake. 

Second, design copies, creative adaptations, technological leap- 
frogging, and adaptation to another industry are creative imitations. 
Design copies mimic the style of the market leader but carry their own 
brand name and unique erigineering specifications. Japanese luxury 
cars, for instance, emulate German models but possess their own 
engineering features. Creative adaptations are innovative in the sense 
that creative improvementS are inspired by existing products. Techno-
logical leapfrogging depicts a late entrant's advantage in getting access 
to newer technology in the wake of more accurate understanding of 
a growing market, enabling the imitator to leapfrog the innovator. 
Adaptation to another industry illustrates the application of innova- 
tions in one industry for use in another. 

Creative imitations aim at generating facsimile products but with 
new performance features. They involve not only such activities as 
benchmarking and strategic alliances but also notable learning through 
substantial investment in R&D activities in order to create imitative 
products, the performance of which may be significantly better or 
production cost considerably lower than the original. Michele Bolton 
argues that Japanese strategy represents these features and calls it 

reflective imitation .27 
Korea's 1960s and 1970s strategy was largely associated with dupli- 

cative imitations, producing on a large scale knockoffs or clones of 
mature foreign products, imitative goods with their own or original 
equipment manufacturers' brand names at significantly lower prices. 

 

Korea's 1980s and 1990s industrializatiOn increasingly involves cre-

ative imitations. 

TO INNOVATION 

Imitation alone is insufficient for Korea to realize its dream of becoming 
a highly industrialized country. Both creative Japanese-stYle imitation 
and American-style innovation are required not only to catch up in 
existing industries but also to challenge advanced countries in new 

industries. 
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. Distinction between innovation and creative imitation 
is, however, blurred. Joseph Schumpeter distinguished the two by 
saying that innovation involves commercialiZation of invention, which 
is the purely physical set of creation and discovery, while imitation 
refers to the diffusion of innovation .21 Most innovations do not, how-
ever, involve breakthrough inventions but are deeply rooted in existing 
ideas. As Nelson and Winter note, imitators working with an extremely 
sparse set of clues might claim the title of innovator, since most of the 
problem is really solved independently.29  

As the first firm to establish itself in its market, an innovator 
benefits from first-mover advantages that are unavailable to imitators. 
They include, amongother things, image and reputation, brand loyalty, 
an opportunity to pick the best market, technological leadership, an 
opportunity to set product standards, access to distribution, experience 
effects, and an opportunity to establish an entry barrier of patents and 

switching costs. 
Several industries in Korea, such as semiconductors, electronics, 

and biotechnology, are stretching their R&D activities to transform 
themselves into innovators as well as effectively creative imitators. 

Korea's 1990s innovation drive in selective industries is marked by 
intensified in-house R&D activities and participation in global allianceS 
and reflects Korea's aspiration to become a member of the industriallY 
advanced community. 

Many skills and activities required in reverse engineering have 
easily been transformed into activities called R&D, as Korea ap-
proached the technological frontier. Reverse engineering involved ac-
tivities that sensed the potential needs in a market, activities that 
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by the Japanese. After the Japanese withdrew in 1945, these institu-
tions were taken over by Koreans, but the volume of banking activity 
declined drastically. According to a study that described the 1950 
financial system, there were no money or capital rnarkets in the ac-
cepted sense of the term and no adequate facilities for mobilizing 
savings. The use of checks was highly underdeveloped and the bulk 
of the country's monetary transactions was carried out in cash. A large 
fraction of the aggregate turnover of goods and services did not even 
involve the use of money, but took the forrn of payments in kind and 
barter transactions.20 

Modem education, first introduced to Korea by American mission-
aries, was expanded by the Japanese colonial governrnent. The Japa- 
nese, however, lirnited Koreans mainly to the primary grades sirnply 
to convert Korean youth into loyal subjects and to train thern for 
subordinate roles in agriculture and industry. Some Koreans were able 
to go beyond these limits, but they were few. At the end of Japanese 
rule, only 2 percent of the Korean population older than fourteen had 
completed secondary school, and the illiteracy rate stood at 78 percent. 

The ernergence of the United States as the guardian of the free 
world against comrnunist aggression after World War II led to the 
Asian version of the Marshall Plan, providing econornic and military 
aid to Korea at the front line of that global struggle. The United States 
pumped alrnost $6 billion to Korea through the 1960s. U.S. econornic 
aid financed more than 80 percent of Korea's capital formation and 
import surplus until the mid-1960s. U.S. military aid built Korea's 
military machines, providing disciplined training to every male in 
Korea, leading to the formation of many bureaucrats and managers 
for both the public and the private sectors.2' The U.S. military presence 
also provided opportunities for some Korean firms to learn Westem 
technologies by engaging, for instance, in srnall construction projects. 

In short, the vacuum and chaos caused by the fall of Japanese 
colonial rule, arbitrary division of the nation into North Korea and 
South Korea, and the erisuing civil war, all of which occurred between 
1945 and 1953, flattened Korea as a nation with little left of its past 
and facirig a bleak future."22 In spite of U.S. aid, which brought Korea 
back to its prewar economjc level, Korea still suffered from almost all 
the problerns facing most resource-poor, low-income countries today. 
Korea, beginning with a far lower technical base than and as the 
poorest of the newly industrializing countries (NICs),23  has achieved 
phenomenal industrial developrnent in a generation. 

  

FROM IMITATION. 

  

Such rapid industrialization in Korea sternmed largely from imitation, 
which does not necessarily imply ¡Ilegal counterfeits or clones of for-
eign goods; it can also be legal, involving neither patent infringement 
flor pirating proprietary know-how. A study shows that 60 percent of 
patented innovations were irnitated legally within four years of their 
irltroduction.24  Irnitation ranges from ¡Ilegal duplicates of popular prod-
ucts to truly innovative products that are merely inspired by a pioneer-
ing brand. Steven Schnaars categorizes several distinct imitations: 
counterfeits or product pirates, knockoffs or clones, design copies, 
creative adaptations, techuological leapfrogging, and adaptation to an- 
other industry.25 

First, counterfeits and knockoffs are duplicative imitations, but 
one is ilegal and the other legal. Counterfeits are copies that resemble 
the same prerniurn brand narne as the original but of low quality, 
illegaily robbing the innovator of due profits, for example, a Rolex 
watch soid at a fraction of its regular price. In contrast, rnost knockoffs 
or clones are legal products in their own right, closely copying the 
pioneering products in the absence or expiration of patents, copyrights, 
and trademarks but marketed with their own brand names at far lower 
prices. IBM PC clones are good examples. Clones often surpass the 
original in quality. 

Duplicative imitation does not require specialized investrnent in 
R&D and information channeis. Only a low level of learning is neces-
sary since the firms cannot and are not required to generate new 
knowledge. Nevertheless, duplicative imitation can rarely occur in a 
vacuurn. Unlike replication within the same firrn, in duplicating an- 
other firms products or processes, target routine is not substantially 
available as a template. Therefore, it is not possible to resolve all the 
problems arising in the imitation by closer scrutiny of the prototype's 
production system. At one extreme, the production in question may 
be a novel combination of highly standardized technological elements. 
In this case, reverse engineering may result in the identification of 
those elements and the nature of their combination, leading to an 
economically successful imitation. At the other extreme, the target 
routine may involve so much idiosyncratic and firm-specific knowl-
edge that imitation is highly problematic, requiring substantial help 
by rneans of formal technology transfer from the originator. 

In the wide range of intermediate cases, the imitator has to obtain 

  

  

      



Government as a Learning 

Facilitator 

"Here comes the Korean," once heralded Newsweek in its cover story on 
Korea's economic miracle and Korea's stampede into the international 
market. Many economists attribute Korea's success to the Korean 
govemment's developmental role,' concluding that the economic mir-
acle stemmed from a policy miracle .2  The government envisioned a 
miracle and provided a policy environment, but it was industry that 
made it reality. 

The role of the government in industrialization is so complex and 
multifaceted that it cannot be adequately covered in a single chapter. 
Therefore, this chapter limits its discussions only to those facets directly 
or indirectly related to technological learning in Korea at the micro-
economic level. Other writers have covered the government's develop-
mental role in Korea more extensively, though mostly at the macroeco-
nomic level.3  

What can the government do to facilitate technological learning 
at individual firms under a dynamically changing global technology 
environment? Over the years, the Korean government has adopted 
an array of policy instruments designed to facilitate technological 
learning in industry and in turn strengthen the international competi- 
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tiveness of the economy. This history can be better understood by 
analyzing it from three perspectives: market mechanism, technology 
flow, and time. 

Market mechanisrn perspective includes both the demand side of 
technology development that aeates market needs for technological 
change and the supply side of technology development that strength-
ens technological capability. The former is often referred to as industrial 
policy in a narrow sense of the term, while the latter can be thought 
of as science and technology (S&T) policy. 

In other words, this perspective organizes policies related to tech-
nological development into three major components: policies designed 
to strengthen the demand side, creating market needs for technology, 
policies designed to strengthen the supply side, increasing S&T capabili-
ties, and policies designed to provide effective linkages between the 
demand and supply sides, attempting to ensure that innovation activi-
ties are both technically and commercially successful.4  

Unless there is a competitive market in which firrns believe that 
innovation in products and processes is necessary to sustaining and 
raising market competitiveness, there is little investment in innovation 
activities, as innovation is usually uncertain and risky. Also, strong 
links to the market are needed to make sure public R&D efforts are 
effective and efficient. In this sense, science and technology policies 
should be an integral part of the overali industrial policies that shape 
market structure and industrial development. 

However, even though the market calls for the introduction of new 
products and processes, countries without indigenous technological 
capabilities cannot be expected to grow industrially. Some economies 
have indigenous technological capabilities but still don't grow. To be 
cornmercially exploited, technological capabilities must be coupled 
with the right business capabilities. 

Finaily, despite the presence of both demand for innovation and 
supply of capabilities, few innovations can be realized unless there is 
good management of the R&D system, effectively linking demand with 
supply. The absence of this linkage explains why in some industrialized 
countries there is little innovation despite a strong demand for it and 
an adequate supply of technical capabilities. Some linkage instrurnents 
such as institutions to bridge the demand and supply sides of technol-
ogy and tax and financial incentives for R&D efforts in developing 
countries are not effective in stimulating technological activities in the 
absence of demand and supply of technology. 

Govemment policies related to technology development may also 
be assessed by the technology flow perspective. This perspective is 
mainly concerned with three key sequences in the flow of technology 
from abroad to catching-up countries: transfer of foreign technology, 
diffusion of imported technology, and indigenous R&D to assimilate 
and improve imported technology and to generate its own technology. 
The first sequence involves technology transfer from abroad through 
such formal mechanisms as foreign direct investment, the purchase of 
turnkey plants and machinery, foreign licenses, and technical services. 
Such transfer can facilitate the acquisition of technological capability 
in catching-up countries. 

The effective diffusion of imported technology within an industry 
and across industries is a second sequence in upgrading technological 
capability of an economy. If a technology is transferred to a firm and 
its use is limited only to its original importer, it may give the firm 
monopoly power over other firrns for a period of time; however, the 
broader economic effect of the technology may be considerably limited. 
To maximize its benefits, imported technology has to be diffused 
throughout its economy. 

The third sequence involves local efforts to assimilate, adapt, and 
improve imported technology and eventually to develop one's own 
technology. These efforts are crucial to augmenting technology transfer 
and expediting the acquisition of technological capability. Technology 
may be transferred to a firm from abroad or through local diffusion, 
but the ability to use it effectively cannot. This abiity can only be 
accjuired through indigenous technological effort. Local endeavors can 
include self-directed attempts to copy or reverse-engineer foreign 
products and processes, those aimed at improving and adapting pre-
viously acquired technology, and one's own research and develop-
ment. Such efforts become increasingly important as industrialization 
progresses. These activities are necessary to strengthen international 
competitiveness in the face of increasing pressure from other catching-
up countries. 

The two perspectives outlined here, market mechanisms and tech-
nology flow, may be combined as illustrated in Figure 2-1. The dynamic 
perspective dimension is added as the third dimension to indicate 
time, which is very important. The relative impact of the individual 
sequences of technology flow and the impact of different types of 
market mechanisms—demand, supply, and linkage—change as an in-
dustry advances through different stages of development over time 
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(see Chapter 4 for detailed discussions). This integrative frarnework 
is used below to analyze and evaluate Korea's industrial and S&T 
polides. 

GENERAL BACKGROUND 

One of the most conspicuous characteristics of the industrialization 
of Korea is the strong government and its orchestrating role. The 
government steered the wheel and supplied fuel. It set ambitious goals 
and directed the private sector with sticks and carrots, and private 
firms, particularly chaebois, functioned as engines. What then made it 
possible for the governrnent to become so strong in Korea? What made 
Korean technocrats smart enough to make their intervention relatively 
elfective arnid widespread and generaily ineffident government inter-
vention in most of the Third World? How has Korean government 
learned relatively effectively from Japanese experience? 

First, when Park Chung Hee seized power in 1961, he was single-
minded in his goal to industrialize Korea and transform its subsistent 
agricultural economy into an industrialized one in spite of the odds 
against it. Toward this end, he created a highly centralized, strong 
governrnent to plan and implernent arnbitious econornic developrnent 
programs. The goverriment was vested with power to liccnse important 
business projects to private firms and set the direction of industrializa- 

tion. Commercial banks were nationalized to allocate resources for 
industrial projects according to national priority. To push industrializa- 
tion at the fastest possible speed, Park borrowed heavily from abroad 
rather than waiting patiently for domestic savings to be formed. This 
rnechanisrn of channelling low-cost foreign finance to private firms 
further strengthened his centralized power. Then, with a small groiip of 
competent econoniists to advise him, he made all important decisions 
himse1f.5  As a former army general, he was literaily a field cornrnanding 
general of Korea's industrialization drive. 

Another important government means to consolidate its power 
over the private sector was in the handling of illicit wealth accurnula-
tion charges. The Park regirne arrested thirteen leaders of large business 
conglomerates charging that they had engaged in illicit and ¡Ilegal 
behavior in accurnulating wealth during the corrupt Rhee years, 
1948-1960, demonstrating that the government was in a powerful 
position to prosecute them. The government soon released most of the 
accused businessmen who prornised to cornply with the government in 
undertaking some of the major industrial projects, laying a ground 
rule of government dorninance over the private sector during the Park 
regime through the 1970s. 

Second, the centralized dedsion making by the president was 
relatively effective and efficient, compared with other developing 
countries, owing to cornpetent technocrats who formulated and 
implemented development programs. Cultural values plus a selection 
process enabled the Korean government to staff its ministries in 
charge of industrialization programs with the most talented and 
best-educated young people. Confucian tradition, which imbued 
respect for scholars over farmers, craftsmen, and merchants and the 
civil service over all others, attracted well-educated young people 
to pubhic service despite its low wages.6  Except for political appoint-
ments at the cabinet level, examinations are used in selecting and 
in many cases prornoting civil servants. Together with merit-based 
personnel evaluation, the system produced 'meritocratic elites. 117 

Successfuhly passing the highly competitive examination for the 
rniddle-level civil service is one of the most prestigious achievernents 
for a young man in Korea. Such prestige enabled the government 
to recruit the cream of the leading universities. 

Third, Korea had the broadest base from which to learn the Japa-
nese experience effectively. Both Korea and Taiwan had been occupied 
by the Japanese, but Taiwanese leaders carne from the mainland after 
1949. In contrast, Korean political leaders and technocrats in the 1960s 
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and 1970s lot only mastered the Japanese language but also acquired 
a significant understanding of Japan's culture and social system during 
the 1910-1945 Japanese occupation of Korea. President Park, for ex-
ample, was one of a few who liad been trained at the Japanese Military 
Academy. Many of his advisers and technocrats had also been educated 
in Japan or in Korea by Japanese during the occupation, studying the 
Japanese experience in detall. Even in 1990, 250,000 South Korean 
high school students were learning the Japanese language, accounting 
for about 70 percent of all non-Japanese high school students around 
the world studying Japanese.8  A survey showed that the number of 
persons studying Japanese outside Japan had more than tripled in ten 
years to 1.62 million in 1993, and Koreans account for more than haif 
of them.9  

Although Alice Amsden concludes that on average American-
trained Korean economists tend to accept the Anglo-Saxon model as 
the best solution to Korea,'° no nation could profit more from an 
understanding of Japanese industrial success than Korea, given the 
geographical and cultural proximity and historical relations." 

Given the background, what poiicy mechanisms has the govern-
ment used in facilitating technological learning in industry? 110w has 
the goverriment role evolved in response to the rapidly changing 
economic environment? 

INDUSTRIAL POLICY: DEMAND SIDE OF TECHNOLOGY 

Korea's "developmental state" was at the wheel of its industrialization 
drive, at least through the 1970s.'2  In its efforts to create conditions 
for industrial growth and to ensure ihe transition from one stage to 
the next, the government used a compiex web of direct and indirect 
policy instruments to define growth targets and discipline businesses 
to reach them. These instruments have largely been employed toward 
the fol1owirg objectives: (1) the deliberate promotion of big business 
as an engine of techuological learning, achieved through a systematic 
and comprehensive array of subsidies and incentives, (2) ambitious 
export-orierited industrialization, achieved by pushing the private sec-
tor into crises to reach imposed targets while providing incentives to 
make the crises creative rather than destructive, (3) the promotion of 
technologically advanced heavy and chemical industries, accomplished 
through even more critical crises, and (4) the repression of labor to 

maintain industrial peace, providing a conducive enviroflment for 
learning. 

Big Business 

To overcome the disadvantage of a small domestic market and to 
exploit the stable nature of mature technologies on which initial indus- 
trialization strategy was to be built, the Korean government intention- 
ally created large firms, chaebois. These organizations were deemed 
necessary to marshal the scale economies inherent in maturc techno- 
logies, which wou]d be used to attack government-designated strategic 
industries, producing export growth to fuel an advancing economy. 
A chaebol is a business group consisting of varied corporate enterprises 
engaged in diversified business arcas and typically owned and managed 
by one or two interrelated family groups.13  

The government helped the capital formation as well as the subse-
quent diversification of the chaebois. It soid Japanese colonial properties 
and state-owned enterprises to selected local entrepreneurs on favor-
able terms during the inflationary period, handing the local entrepre-
neurs windfalls. Owning all commercial banks in the early years, the 
government then provided these firms with scarce foreign currency 
and preferential financing at the official rates, both of which were 
only haif the real market rate. The government also gaye them large 
import-substitution projects and guaranteed the foreign loans. Foreign 
debt burdens resulting from currency devaluation were compensated 
with increased low-interest loans, further reducing the risks for these 
businesses. 14 

Their resulting huge growth enabled the chaebois to dominate Ko-
rea's industrial scene and stand out as wor!d-class multinational corpo-
rations. Samsung, Daewoo, Ssangyong, and Sunkyong, as mentioned 
earlier, were among Fortune magazine's 100 largest industrial corpora-
tions in 1993. Including the two chaehois, Hyundai and LG, that did 
not reveal their group revenues all six rank in the top 100 global 
industrial enterprises. 15 Korea, sixth in the rank of firms included in 
the global 100, was preceded only by the United States, Japan, Ger-
many, the United Kingdom, and France. This is especially noteworthy 
when Korea is compared with other Third World countries; only one 
state-owned petro!eum corporation in each of BraziL Venezuela, and 
Mexico made the list. Only Korea among these nations places private, 
nonpetroleum industrial corporations on ¡t.  16 Six other chaebois, also 
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among the global 500, have been powerhouses for Korea's industrial-
ization. 

The Korean government managed the chaebois relatively effectively 
compared with similar conditions in other catching-up countries. The 
govemment effectively disciplined the chaebois by penalizing poor per-
formers and rewarding only good ones, a marked difference from 
big-business promotion efforts in other developing countries. Good 
performers were rewarded with further licenses to expand. The gov-
ernment rewarded entrants to risky enterprises with industrial licenses 
in more lucrative sectors, thus leading them to further diversification. 
In contrast, the government refused to ball out relatively iarge-scale, 
badly managed, bankrupt firms in otherwise healthy industries, ap-
pointing better managed chaebois to take them over. 17 

President Park believed that even private projects in the First 
Economic Development Plan should be completed as scheduied 
so as not to make them turn into a burden to the government, 
because the government fully guaranteed the foreign loans. Per-
sonaily, President Park checked and reviewed the development 
of aH important projects, both public and private)8  

In addition, chaebois that relied entirely on political coilusion rather 
than on performance could not survive long, as they lost political 
support when power shifted from one hand to another. In contrast, 
better managed chaebois have endured and survived in a series of 
political power shifts)9  As a result, only three of the ten largest chaebois 
in 1965—Samsung, LG, and Ssangyong—made the list in 1975. Simi-
lariy, seven of the ten largest in 1975 made the list in 1985. In fact, 
few of the original chaebois have survived. Most of them have evolved 
dynamically from small businesses in the midst of political turmoil, 
largely through rapid learning under effective strategic and organiza-
tional management .20 

The chaebois' rapid growth and diversification have enormousiy 
affected industrial structure and market concentration in Korea. By 
1977, 93 percent of all commodities and 62 percent of all shipments 
were produced under monopoly, duopoly, or oligopoly conditions in 
which the top three producers accounted for more than 60 percent 
of market share. The ten largest chaebois accounted for 48.1 percent 
of GNP in 1980, making Korean industry even more highly concen-
trated than that of Taiwan or Japan. Total factor productivity as well as 
output, however, grew faster in Korea's highly concentrated economy 
than in that of almost any other country.2' 

Chaebois played a crucial role in the rapid acquisition of technologi-
cal capability in Korea. They were in the most advantageous position 
to attract the cream of the best universities. They had organizational 
and technical resources to identify, negotiate, and finance foreign tech-
nology transfer and assimilate and improve imported technologies. 
They also played a major role in drastically expanding and deepening 
R&D activities in Korea in the 1980s and 1990s. As a result, by the 
end of the 1970s, Korea had the largest textile plant, the largest ply-
wood plant, the largest shipyard, the largest cement plant, and the 
largest heavy machinery plant in the world. 

Export Promotion 

The import-substitution policy played an important role in creating 
demand for foreign technology transfer .22 Since there was no local 
capability to establish and operate production systems, local entre-
preneurs had to rely completely on foreign sources for production 
processes, product specifications, production know-how, technical per-
sonnel, and components and parts. Studies in the electronics, machin-
ery, steel, computer, and pharmaceutical industries demonstrate that 
import substitution under protection was one of the most powerful 
instruments that facilitated technology transfer from abroad, leading 
to the emergence of new industries and the introduction of more 
sophisticated products in existing industries .23 

The export drive was a more important policy. The Korean govern-
ment made exports a life-or-death struggle in order to achieve eco-
nomic growth goals. The Korean government designated so-called 
strategic industries for import substitution and export promotion. Ply-
wood, textiles, consurner electronics, and automobiles in the 1960s 
and steel, shipbuilding, construction services, and machinery in the 
1970s are examples. 

The strategic industries, which were created in violation of their 
static comparative advantage, had to suffer from high costs in addition 
to infant-industry growing pains. To help the industries overcome 
these problems, the government sheltered the domestic market from 
foreign competition. The average effective rate of protection was atypi-
cally high for the strategic industries. In some, protection was quickly 
lifted as firms accornplished a rapid rite of passage from infant to 
exporter. But in others, where technology was complex and marketing 
more elaborate, protection lasted relatively long, providing a lengthier 
period of incubation.24  The United States benignly overlooked Korea's 
protected market well into the 1970s. 
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The government pushed firms with ambitious goals. It instituted 
the export-targeting system in the 1960s as a regular instrument to 
assess industrial success. Annual targets were assigned to major com-
modity groups, which were allocated to related industrial associations. 
They were also assigned by destinations, which were allocated to 
Korean embassies in respective countries. The Ministry of Trade and 
Industry maintained a situation room to monitor export performance. 
The data were then reponed to the Monthly Trade Promotion Confer-
ence attended by the president of the nation, cabinet members, heads 
of major financial institutions, business association leaders, and repre-
sentatives of major expon firms. The conference served to solve many 
problems encountered by exporting firms through guidance and the 
president's final decisions.25  

"Sticks" in the form of administrative guidance (a euphemism for 
Korean government orders) forced firms to reach its goals. If a firm 
did not respond as expected to particular goals, programs, or incentives, 
its tax retums were subject to careful examination or its application 
for bank credit was studiously ignored, or its outstanding bank loans 
were not renewed. Govemment agencies often showed no hesitation 
in resorting to command backed by compulsiori. It usually did not 
take long for a Korean firm to learn that it would be better to get 
along by going along.26  In other words, the role of the government 
was much stronger in Korea than in Japan and Taiwan, especially 
during the 1960s and 1970s. And it worked. 

The government also cajoled firms with incentives, borrowing 
heavily from abroad and channeling the funds into export-oriented 
investments at below-market interest rates. Firms were granted un-
restricted and tariff-free access to imponed intermediate inputs and 
automatic access to bank loans for working capital for all expon activi-
ties, even when the domestic money supply was being tightened. 
These firms also had unrestricted access to foreign capital goods and 
were encouraged to integrate vertically in order to sustain interna-
tional competitiveness. These incentives operated automatically and 
constituted the crux of the Korean system of export promotion. Fur-
thermore, the rationing of Ionger-term bank loans was used as a carrot 
to draw firms to new paths of exporting, encouraging diversification, 
and to expon more than ever. These incentives, offered to all exporting 
firms, were particularly effective when combined with the greater 
organizationaL financial, and political leverage of the chaebois, which 
grew even larger.27  Exporters also benefited from a variety of tariff 
exemptions, accelerated depreciation, exemptions from value-added  

taxes, and duty-free impons of raw materials and spare parts. Tax 
holidays and reduced rates on public utilities further boosted corporate 
profitability. Assignment of lucrative impon licenses was linked to 
expon performance .28  

With the govemment's sticks and carrots, Korea's total exports 
increased from a mere $175 million, or 5.8 percent of GNP, in 1965 
to $1,132 million, or 12 percent of GNP, by 1971. With an average 
annual growth rate of 36.5 percent, Korea rose from number 101 in 
the rank of exponers in 1962 to fourteenth by 1986.29  

How has the impon-substitution and export-promotion policy af-
fected technological leaming in industry? While it created new busi-
ness opponunities, it also created crises for firms to invest heavily in 
technological learning to acquire foreign tecimologies and assimilate 
and improve them in order to survive in the highly competitive inter-
national market. 

As a result, firms in export-oriented industries (EOI) learned 
significantly more rapidly and in tum grew faster than firms in 
impon-substituting industries (ISI). Likewise, countries with export-
oriented industnalization grew faster than those with impon-sub-
stituting industrialization. The average annual economic growth 
rate for EOI countries was 9.5 and 7.7 percent, respectively, for 
1963-1973 and 1973-1985 compared with 4.1 and 2.5 percent for 
ISI countries. The real per capita income growth rate was 6.9 and 
5.9 percent for the same periods for the former as compared with 
1.6 and —0.1 for the latter, as the ISI group had a higher population 
growth rate. 

Heavy and Chemical Industry Promotion 

By the late 1960s, Korean government policymakers recognized the 
necessity of gradually restructuring the economy from labor-intensive 
light industries to more technology-intensive heavy industries. They 
understood the importance of developing the technological capability 
to do so, as Korea's competitive advantage in light industries was 
shifting to second tier catching-up countries, such as Thailand, Malay-
sia, China, and Indonesia. 

A major change in international political conditions, however, 
prompted the Korean government to invest for the heavy and chemical 
industry program ahead of schedule. Frustrated by its protracted war 
in Vietnam, the U.S. government announced the Nixon doctrine in 
1969, signaling its decision not to commit its ground forces in Asian 
future confhicts, and the Nixon administration withdrew one of two 
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U.S. Army divisions from Korea in 1971. President Park became ob-
sessed with acquiring a self-reliant national defense capability by devel-
oping heavy and chemical industries (HCI5) at a far greater intensity 
and in a far shorter time than previously envisioned. $ 12.7 billion 
was poured into HCIs, accounting for more than 75 percent of total 
manufacturing investment in 1973-1979.10  Steel, shipbuilding, heavy 
machinery, petrochemical, industrial electronics, and nonferrous metal 
industries were created by the HCI promotion. As a result, it took only 
fifteen years for the ratio of value added in light industries over HCI 
to fail from 4 to 1 in Korea, whereas the same shift took twenty-five 
years in Japan and fifty years in the United States.3' 

This hasty creation of HCIs on a gigantic scale withoiit adequate 
preparation in technological capability, more for military purposes 
than for economic rationality, resulted in a rapid rise in foreign debt 
from $2.2 billion in 1970 to $27.1 billion in 1980.32  It also bred misailo-
cation of resources, rapid inflation, wage increases far in excess of 
productivity gains, and further concentration of economic powers in 
several chaebois involved in HCIs. 

The most significant effect of the hasty HCI promotion, however, 
was a major crisis in technological learning. Lacking capability, the 
chaebois had to rely almost entirely on foreign sources for technology. 
Tasks required to assimilate imported technology were so far beyond 
the capability available at these firms that the HCI program imposed 
a major crisis in setting up and starting up plants, let alone mastering 
them. Firms were forced to assimilate technology very rapidly and 
upgrade capadty utilization by expediting learning in order to sur-vive. 
Later chapters present more detailed discussions of how firms in these 
industries expedited their technological learning to turn the crisis into 
an opportunity. 

Industrial Peace 

Economy is a tender fiower. It does not flourish in the soil of war or 
social unrest," said Paul Samuelson .31  Likewise, the multinational firm 
as a buyer, supplier, and investor considers industrial peace, among 
other things, one of the most important factors in developing and 
expanding businesses with firms in catching-up countries. 

In attempting to create a conducive environment, in which govern-
ment's development goals could be achieved without interruptions, 
the Korean government, as the central orchestrator for economic de-
velopment and exports, also emerged as the responsible agency to 
control labor movements and maintain industrial peace. The govern- 

ment's leading role in repressing labor was a consistent policy through 
the late 1980s. Although the formal ban on unions had been lifted in 
the early 1 960s, the legal framework in which unions could function 
was so restrictive that it virtually eliminated the possibility of organiz-
ing any genuine independent unions. 14 Furthermore, the government 
used the Korean Central Intelligence Agency (CIA) to spy on and 
repress labor as part of a broader economic strategy through the 
1970s.11  As a result, workers became exceedingly docile. For example, 
between 1979 and 1984, average lost workdays per 100 workers per 
year was only haif a day in Korea compared with two in Japan and fifty 
in the United States.36  A drastic shift toward political democratization in 
the late 1980s, however, triggered the explosion of labor unrest, which 
is cliscussed in Chapter 3. 

Many intellectuals, in Korea and abroad, criticized the dreadful 
negative side of many of the govemment's practices to suppress labor 
movements, but it at least provided Korean firms with uninterrupted 
opportunities to learn cumulatively and discontinuously, making un-
doubtedly signfficant contributions to rapid industrialization. Such a 
repressive policy retarded the growth of trade unions and workers 
taking part in industrial democracy. Scandinavian and German expen-
ences show that industrial democracy supports and encourages inno-
vation. 

In short, the government had been at the core of Korea's industrial-
ization in the 1960s and 1970s. Some say that the government played 
the role of chairman in Korea, Inc., while chaebois functioned as its 
production units .37  The government role included not only policy 
formulation but also the techniques of policy implementation, using 
an array of direct and indirect incentives and sanctions to harness the 
private sector in achieving rapid technological learning and, in turn, 
high growth. 

Shift of Economic Environment and Public Policy 

The economic environrnent for Korea, however, changed significantly 
in the 1980s, for several reasons. First, the world economy generaily 
slowed down in the 1980s, particularly affecting outward-looking 
economies like Korea. Second, in the wake of rising trade imbalance, 
North America and Europe moved toward protectionist policies, mak-
ing it increasingly difficult for Korea to sustain export growth in indus-
tries that led its export-oriented strategy in the past. Third, Korea lost 
its competitiveness in low-wage-based labor-intensive industries, as 
its real wage rose atan average annual growth rate of 5.8 percent in the 
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1960s and 7.5 percent in the 1970s. Concomitantly, other developing 
countries with much lower wage rates were rapidly catching up with 
Korea in these industries. Fourth, advanced countries, particularly 
Japan, were increasingly reluctant to transfer technology to Korea as 
it attempted to enter industries that they dominated. Fifth, Korea 
was forced to change its copyright and patent laws, preempting the 
imitative reverse-engineering of foreign products. 

In the face of an increasingly unfavorable environment in the 
1980s and 1990s, the Korean government set out on a major policy 
shift. It attempted to reduce government intervention and introduce 
market mechanisms and to undertake structural change toward the 
development of more technology-based industries. The policy shift 
included, among other things, antitrust legislation, trade liberalization, 
financial liberalization, promotion of small and medium-size enter-
prises, foreign investment liberalization, and shifting emphasis on 
innovation-related activities. 

Antitrust and Fair Trade 

The chaebois' increasing economic power gaye rise to monopolistic 
abuses such as creating scarcities, price gouging, and predatory behav-
ior in the domestic market. In response, the government shifted its 
policy on chaebois from promotion in the 1960s and 1970s to the 
regulation of their growth m the 1980s by adopting a policy of eco-
nomic democratization. The Fair Trade Act of 1980, along the unes 
of American antitrust legislation, included, among other things, the 
prohibition of unfair cartel practices and mutual investment among 
the chaebois' affiliated companies, a ceiling on investment by and credit 
to large chaebois, and restrictions on their vertical and horizontal inte-
gration. The government also directed the thirty largest chaebois to 
restructure their sprawling businesses around three or fewer core 
sectors. 

However, the chaebois continued to grow, with economic concen-
tration increasing further until the mid- 1 980s and declining slightly 
thereafter; the number of affiliated companies of the ten largest chae-
bois increased from 77 in 1974 to 667 including 365 abroad in 1994,38  
and the combined sales of the five largest chaebois as a percentage of 
GNP increased from 12.8 percent in 1975 to 52.4 percent in 1984 and 
decreased slightly to 46.5 in 1993. The number of chaebois designated 
by the government as dominating their respective markets increased 
from 105 in 1981 to 216 in 1985, but only ten were accused of having  

abused their economic power. Of 1,172 applications for vertical and 
horizontal integration, only two were rejected by the government. 

Why? Although the antitrust policy made a small dent in the mid-
1 980s, the economic power of chaebois and their collusion with political 
power were so strong that the government could not implement sorne 
announced policy programs, showing a significant gap between what 
it intended to do and what it actually could do. In addition, the govern-
ment bailed out insolvent enterprises to mitigate their impact on down-
stream sectors, not to tarnish the credibility of chaebois in the 
international market. As a result, some of thern, anticipating a govern-
ment rescue, expanded well beyond their evident financial capability 
and some postponed adj ustrnents to market changes. In rnany cases, 
the government was under pressure to accept economic reality rather 
than fulfill economic justice. 

Then, fadng accelerating globalization in the 1990s, the govern-
ment once again shifted its policy on chaebois from regulation to liberal-
ization by revising the Antitrust and Fair Trade Act. Restrictions on 
the credit controls of the thirty largest chaebois were lifted, provided 
that their firms reduced internal ownership to less than 20 percent, 
raised capital-to-assets ratio aboye 20 percent, and offered more than 
69 percent of its shares to the public. Such a liberalization policy was 
designed to enable chaebois to compete freely in the expanding global 
market. Although those firms' ownership and management structures 
have changed significantly in the past decade,40  the new policy is 
expected to rnake significant progress in the separation of management 
and ownership in chaebois. LG Business Group, for instance, announced 
a planto reduce its internal ownership (interfirrn and family ownership 
combined) from 39 percent in 1995 to 19.5 percent by 1999 and family 
ownership from 5 percent to 3 percent during the same period. 

In short, after prornoting the formatiori and growth of chaebois 
during the first two decades and attempting unsuccessfully to regulate 
thern in the 1980s, the government decided to lirnit protection and 
intervention and rely more on market mechanisrns. Chaebois have 
been and will be the dominant factor in Korea's industrialization and 
globalization. 

Trade liberalization 

In drastic contrast to the government's export-targeting system, the 
situation room, and heavy export subsidy programs in the 1960s, 
Korea's export trade was significantly liberalized during the 1970s. 
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Most of the ad hoc incentive measures used in the 1960s were abol-
ished, and Korea's export trade was almost completely liberalized by 
1982. The ratio of net export subsidies to the exchange rate dropped, 
for instance, from 36.6 in 1963 to 6.7 in 1970 to 0.4 in 1982.' In 
other words, although export-oriented industrialization continued in 
the 1980s and 1990s, Korean firms have been able to compete in the 
international market without government subsidies in these decades. 

Import policies were also liberalized in the 1980s. The government 
promulgated the Tariff Reform Act in 1984, which was aimed to phase 
in general reductions in tariff leveis. As a result, the import liberaliza-
tion ratio—defined as the ratio of the number of unrestricted items 
to the total—rose from 51 percent in 1973 to 95.2 percent by 1988 
and to 98.6 percent in 1994. The government also brought down the 
average tariff rate from 26.7 percent in 1984 to 7.9 percent by 1994. 
Nontariff barriers such as delay in custom clearance and tax examina-
tion of foreign car purchasers were also Iargely eliminated in recent 
years. As a result, imports increased, for instance, by 20.1 percent in 
1989 compared with a 2.8 percent increase in exports, forcing Korean 
firms to compete, with little govemment assistance, against multina-
tional firms not only in the export market but also in the domestic 
market «42 

Financial Liberalization 

In contrast to lis monopoly of the financial sector in the 1960s and 
1970s, the government has also taken major steps to liberalize the 
financial market. For example, the government reduced the regulation 
of nonbank financial intermediaries, many of which had long been 
controlled by chaebois, resulting in a significant rise in their share of 
total deposit liabilities in the 1980s. The denationalization of commer-
cial banks led to a shift of significant share from government hands 
to the chaebois. The conversion of local short-term financing firms to 
either securities firms or commercial banks in 1990 marked another 
important step forward in restructuring the financial sector, thus 
aliowing increased participation of private firms. 

Although the government exercised its influence on finandal insti-
tutions through its power to authorize the opening of new branch 
offices, it lost its teeth in allocating financial resources. Nevertheless, 
the protection of the local market from foreign financial institutions 
resulted in gross inefficiencies; Korean banks are loaded with nonper-
forming loans-8.8 percent of total credits in 1992 .43  The timetable 
has been set to completely liberalize the financial sector by 1997 in  

preparing to join the OECD, which requires Korea to make obligatory 
adjustments including complete financial libera1ization. 

SME Promotion 

A major government mistake in the 1960s and 1970s was neglecting 
to encourage balanced growth between large firms and small firms. 
It was the late 1970s when the government belatedly realized the 
importance of small and medium-size enterprises (SMEs) in healthy 
economic growth. The government began promoting SMEs, particu-
Iarly technology-based small firms, to remedy the imbalance between 
the large- and small-business sectors. The government established 
sanctuaries for SMEs, designating 205 business territories where 
neither large corporations nor their affiliates can intrude. The Compul-
sory Lending Ratio program stipulates that the nationwide cornmer-
cial banks should extend more than 35 percent of total loans and 
that regional banks offer more than 80 percent of their total loans to 
SMEs. 

The government also took the initiative in establishing the venture 
capital industry as a means to advancing the emergence of technology-
based small firms in which the private sector had no interest. Specifi-
cally, the government enacted a special law to establish the first venture 
capital firm, which was jointly funded by the government and a group 
of private firms. The government took a further step by enacting the 
Small and Medium Enterprise Formation Act in 1986, leading to the 
emergence of more than thirty venture capital firms, all jointly vested 
by the government and the private sector. 

Preoccupied with chaebois, the government failed to learn from 
Japanese experience in developing an institutional framework for 
technology diffusion to SMEs. Only in 1979 did the government begin 
establishing several important institutions, such as Small and Medium 
Industries Promotion Corporations, Korea Trade Promotion Corpora-
tion, and SME-related R&D centers, as a way to support SMEs in 
developing technological capability and promoting their exports. The 
government also earmarked a significant portion of its investment 
fund, W (won) 2.5 trillion ($3.1 billion) in 1994, to promote SME 
modernization. Despite various support schemes, the number of SMEs 
that went bankrupt increased steadily over the years-6,156 in 1991 
to 10,488 in 1994 due mainly to iricreasing imports from low-waged 
China and other Asian countries. The severe competitive rules set by 
the World Trade Organization will make it even more difficult for 
SMEs to survive. 
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Intellectual Property Rights 

In Korea, as in other catching-up countries, imitative reverse engi-
neering of existing foreign products was a backbone of industrialization 
through the mid- 1 980s. Even advanced countries today rely heavily 
on copying foreign products and refuse to honor copyrights until they 
develop enough capability to stand on their own. The United States, 
for instance, refused to join the Bern Convention on copyrights for 
more than 100 years, saying that as a developing country it needed 
to retain easy access to advanced foreign works, an argument still used 
by many developing countries .41  Japan and Switzerland refused to 
recognize product patents until 1976 and 1978, respectively, when 
they developed enough capability to innovate their own new materials. 
For instance, they invented ninety-three and eighty-seven new mate-
rials, respectively, in the year they introduced productpatent systems .46 

Now the United States is the world's international property rights (IPR) 
policeman, forcing ili-prepared catching-up countries to respect IPR. 

Under U.S. pressure, Korea introduced new legisiation in 1986 to 
maintain IPR, preempting the reverse engineering of foreign products. 
This hit all industries hard, particularly pharmaceuticals and chernicais. 
The new statute also introduced an arbitration system for compulsory 
licensing and increased penalties for infrrngement. 

Enforcement of the law was not easy in Korea, where, as in other 
Asian countries, people don't beieve in owning an idea or thought 
and consequently in paying for ft. Frequent police raids in major 
dties and lawsuits have, however, resulted in a rapid disappearance 
of pirated products in the local market. The number of cases brought 
to court by police and lawyers aimost quintupled in four years, from 
2,254 in 1989 to 10,423 in 1993 .47  Although Seoul's Itaewon Street 
still draws foreign tourists for counterfeit goods produced by small 
underground shops, a tide swept through major industries, eliminating 
duplicative reverse-engineering practices to a large extent. Such forced 
adoption of IPR resulted in significant upward pressure 011 costs of 
Korean products because of increased royalties. On the other hand, 
it forced Korean firms to intensify their technological efforts to inno-
vate on their own. 

Shifting Emphasis 

The focus of industrial policy has shifted from the promotion of strate-
gic sectors to promotion of innovation-related activities. In the 1960s 
and 1970s, special incentives—tax concessions, custom rebates, access 
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to foreign exchange, and other forms of protection or enhancement—
were granted to strategic industries to make them competitive at a 
world leve!. In contrast, the government abolished all industry-specific 
promotion acts introduced in the 1960s and 1970s and instead legis-
lated a new Industrial Promotion Act in 1986 that ties all incentives 
to special industrial activities such as R&D and human resource devel-
opment. In the late 1980s, however, the government again designated 
several high-technology industries, including information technology 
and aircraft, for support, but its role in these industries is much more 
limited than that in labor-intensive industries in the previous two 
decades. 

In short, the focus of industrial policy related to creating the de-
mand for technological learning has shifted significantiy. The eariier 
policy period was marked by heavy government intervention. The 
new penod focuses on the introduction of market principies such as 
enhancing competition through the control of chaebois' growth, trade 
liberalization, financial liberalization, investment liberalization, and 
support for innovation-related activities. In other words, government's 
developmental role has substantially weakened over the years, but 
some claim that the government still remains relatively powerfui in 
Korea compared with other countries .48 

TECHNOLOGY POLICY: SUPPLY SIDE OF TECHNOLOGY 

The government not only stimulates the demand side of technological 
leaming through industrial policy instruments but also gives rise to 
the suppiy of technological capability through technology policy in-
struments.4° The technology flow perspective—technology transfer, 
technology diffusion, and indigenous R&D—provides insight into un-
derstanding how developing countries catch up with advanced coun-
tries. 

Technology Transfer 

Lacking technological capability at the outset of its economic develop-
ment, Korea had to rely on foreign technology imports. However, 
Korea's policies on foreign iicenses (FL5) was quite restrictiVe in the 
1960s. In the case of manufacturing, general guideiines issued in 1968 
gaye priority to technology that promoted exports, developed interme-
diate products for capital goods industries, or brought a diffusion effect 
to other sectors. The guidehines also set a ceiiing for royalties at 3 
percent and duration at five years. This restrictive policy on licensing 
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Table 2-1 Foreign Technology Transfer to Korea, 1962-1993 
(in millions of dollars) 

Source 	 1962-1966 1967-1971 	1972-1976 

1. Foreign Direct lnvestment 

Japan 83 89.7 627.1 

United States 25.0 95.3 135.0 

Al¡others 12.1 33.6 1173 

Total 45.4 218.6 879.4 

2. Foreign L.icensing 

Japan 5.0 58.7 

United States 0.6 7.8 21.3 

Al¡others 02 3.5 16.6 

Total 0.8 16.3 96.6 

3. Capital-Goods Imports 

Japan 148 1,292 4,423 

United States 75 472 1,973 

Al¡others 93 777 2,445 

Total 316 2,541 8,841 

SOURCES: Korea Industrial Technology Association for foreign direct investment and foreign 
licensing data; Korean Society for Advancement of Machinery Industry for capital-goods import 
data. 
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strengthened local licensees' bargaining power on generaily available 
mature technologies, leading to lower prices for technologies than 
would otherwise have been the case.50  

The 1970s, however, saw a significant change in national policy. 
In an attempt to attract sophisticated technologies in response to the 
changing international environment, restrictions on foreign licensing 
were relaxed in 1970 and 1978, aliowing, for one, a higher royalty 
rate. As a result, royalty payments for FLs increased significantly, as 
shown in Table 2-1, from $0.8 milhion during the first five-year eco-
nomic development plan (1962-1966) to $451.4 million in the fourth 
one (1977-1981). This increase is insignificant compared with FLs in 
the 1980s. Most foreign licensing in the early years was associated 
with technical assistance needed to train local engineers to run turnkey 
plants. 

In contrast to the gradual relaxation of government control on 
foreign licensing, the government policy on foreign direct investment 
(FDI) saw a complete swing in the 1960s and 1970s. The FDI policy 

was quite free in the 1960s, permitting any form of bona fide foreign 
capital, including fully owned subsidiaries. But few foreign invest-
ments were made during the 1960s, primarily owing to questions 
about Korea's political stabiity and its uncertain economic outlook. 

The govemment reversed its FDI policy in the 1970s, tightening 
its control. Joint ventures received higher priority than wholly owned 
subsidiaries. A general guideline was adopted settirig three criteria: 
first, competition with domestic firms was seldom allowed in both 
domestic and international markets; second, export requirements were 
forced on FDIs; and third, foreign participation ratios were basically 
limited to 50 percent. Korea was one of the few countries with restric- 

1977-1981 1982-1986 1987-1991 1992-1993 Total 

300.9 876.2 2,122.3 441.1 4,465.5 

235.7 581.6 1,477.7 719.9 3,270.1 

184.0 309.6 2,035.9 777.8 3,472.9 

720.6 1,767.7 5,635.9 1,938.8 11,208.5 

139.8 323.7 1,383.6 619.1 2,529.9 

1592 602.7 2,121,9 870.9 3,784.4 

152.4 258.5 853.9 307.0 1,592.1 

451.4 1,184.9 4,359.4 1,797.0 7,906.4 

14,269 20,673 54,641 25,337 120,783 

6,219 12,434 33,098 18,832 73,103 

7,490 17,871 33,213 22,983 84,872 

27,978 50,978 120,952 67,152 278,758 
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live regulations on FDI when technology was not a critical elemerit 
-11 1(1 ti cccssi ry mal ure technologies could be easily acquired through 
ni echan isms other than FLs or FDI, for example, reverse-engineerjng. 
Under this restrictive policy environment, Korea induced the FDIs, as 
shown in Table 2-1. 

Consequently, the size of FDI and its proportion to total external 
borrowing were significantly lower in Korea than in other newly 
industrializing countries (NICs). For example, Korea's stock of FDI m 
1983 was only 7 percent that of Brazil, 23 percent that of Singapore, 
and less than half that of Taiwan and Hong Kong. The proportion of 
FDI to total external borrowing was only 6.1 percent in Korea com-
pared with 91.9 percent in Singapore, 45 percent in Taiwan, and 21.8 
percent in Brazil.5' The comparatjve figure reflects Korea's explicit 
policy of promoting its independence from multinationals in manage-
ment control. 

As a result, unlike these other countries, FDI had a minniial effect 
on the Korean economy. For example, FDI's contribution to the growth 
of Korean GNP in 1972-1980 amounted only to 1.3 percent, while 
its contributjon to total and manufacturing value-added was only 1.1 
percent and 4.8 percent, respectively, in 1971 and 4.5 percent and 
14.2 percent, respectively, in 1980.52  

Instead, Korea promoted technology transfer in the early years 
through the procurement of turnkey plants and capital goods. The 
rapid growth of the Korean economy required commensurate growth 
in investmerit for production facffities. However, government policy 
had been biased in favor of the importation of turnkey plants and 
foreign capital goods as a way to strengthen international competitive-
ness of industries using capital goods. Such a policy lcd to massive 
imports of foreign capital goods at the cost of retarding the develop-
ment of the local capital goods industry. Protection of the machinery 
industry was relatively low until the first hall of 1971, giving capital 
goods users almost free access to foreign capital goods. For example, 
chemical, cement, steel, and paper industries, established in the 1960s 
and early 1970s, aH resorted to the purchase of turnkey plants and 
foreign capital goods for their initial setup. But Korean firms assimi-
lated imported technologies so rapidly that they managed to undertake 
subsequent expansions and improvements with little assistance from 
foreigners. 

The massive imports of foreign capital goods became a major source 
of learning through reverse-engineerjng by Korean firms.53  Of the 
three categories of technology transfer usted in Table 2-1, capital goods 

GOVERNJMENT AS A LEARNING FACftITATOR 43 

imports lar surpassed other means of technology transfer in terms of 
value through 1981. Capital goods imports were worth twenty-one 
times the value of FDI and seventy times the value of FLs. The total 
value of capital goods imports was sixteen times that of the other 
two categories combined. Although the values of different modes of 
technology transfer are not strictly comparable smce they measure 
different things, they are useful mdicators when compared with other 
countries. Among NICs, the proportion of capital goods imports to 
total technology transfer was highest in Korea, suggesting that Korea 
had acquired more technology from advanced countries through the 
importation of capital goods than through any other means when 
compared with such NICs as Argentina, Brazil, India, and Mexico.54  

Various instruments also played an important role in lubricating 
the inflow of foreign capital goods to Korea. For example, the slight 
overvaluatjon of the local currency, tariff exemptions oil imported 
capital goods, and the financing of purchases by suppliers' credits, 
which carried low rates of interest relative to those on the domestic 
market, aH worked to increase the attractiveness of capital goods im-
ports. 

lxi short, Korea restricted FDI but promoted technology transfer 
through other means such as capital goods imports in the early years. 
Capital was acquired in the form of foreign loans. Such a policy,  
designed to maintain Korea's management independence from foreign 
multinationals, was effective in forcing Korean firms to take the initia-
tive and a central role in learning, that is, acquiring, assimilating, 
and improving imported technologies, rather than relying entirely on 
foreign sources. 

After two decades of restrictive policy toward foreign direct invest-
ment and foreign licensing, Korea liberalized its technology transfer 
policies in the 1980s and 1990s. Progressively more sophisticated for-
eign technologies were needed to sustain its international competitive-
ness in high value-added industries. The proportion of Korea's 999 
industrial subsectors open to FDI rose from 44 percent in the 1970s 
to 66 percent in 1984 and to 90.6 percent by 1994. In response to 
complaints from foreign investors about extremely cumbersome bu-
reaucratic redtape, in 1995 the government introduced the automatic 
approval system, the expansion of tax and other incentives for invest. 
ment in strategic high technology sectors, and a one-stop service cen-
ter.55  

New FDI in manufacturing has, however, declined steadily in re-
cerrt years from $1,069 million in 1991 to $527 million in 1993. lxi 
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contrast, foreign investment in service sectors has significantly in-
creased, accounting for 27.4 percent oí the total investment in 1992 
and 72.8 percent in the first seven months oí 1994.56  In the 1960s 
and 1970s, foreign companies invested in Korea to reap cheap labor 
costs. Now foreign companies are not so wilhing to collaborate with 
Korean companies in relatively more technology-intensive arcas. 

Foreign licensing has been completely open for all industries and 
for all terms and conditions. The approval system—obtaining prior 
consent from the government—changed to the reporting system—
simply informing the government .57  The government plans to abolish 
the reporting system in the near future, except for technologies related 
to the defense industry.58  As a result, technology transfer through 
licensing has soared recently. FLs increased from 247 in 1981 to 707 
in 1993, reflecting the liberalized public policy as well as the private 
sector's aggressiveness in acquiring more sophisticated foreign techno-
logies. Slight drops in the early 1980s and 1990s reflect economic 
recessions in Korea. 

Table 2-1 also reveals that Korea reied heavily on both Japan and 
the United States for technology. These two countries accounted for 
more than 80 percent oí FDI and more than 70 percent oí FLs and 
capital goods imports during the first two decades oí Korea's industrial-
ization. Japan in particular had been the major source oí technology 
for Korea in those years. Korea acquired its mature technologies 
mainly from Japan and exported its products to the United States in 
the early years. But the U.S. share oí technology transfer has increased 
significantly in the 1990s. The proportion oí foreign licensing cases 
from the United States increased from 28.4 percent in 1991 to 42.8 
percent in 1994. In contrast, FLs from Japan decreased from 47.6 
percent to 28.9 percent during the same period, indicating Japanese 
reluctance to transfer sophisticated technologies to Korea and Korea's 
preference for U.S. technologies in emerging arcas .59  

Technology Diffusion 

In upgrading the overali technological capability oí the economy, the 
effective diffusion oí imported technology across firms within an indus-
try and across industries within an economy is as, if not more, im-
portant as the acquisition oí foreign technology. If technology is 
transferred successfully to a firm and its use is limited only to its 
original importer, it may give the firm monopoly power over other 
firms for a time; however, the economic effect oí the technology may be 
considerably limited. Government interventions that create necessary 

institutions would give risc to the firm's learning from the domestic 
community, resulting in the effective acquisition oí knowledge avail-
able elsewhere in the economy. 

There may be many specialized diffusion agents, such as capital 
goods producers, consulting engineering firms, and public research 
institutes, which the government could promote for the diffusion of 
technology within the economy. But these agents were not effective 
in Korea in diffusing technology in the 1960s and 1970s. 

The government's plan to develop the capital goods sector was 
initiated in 1968 but not seriously implemented until the mid- 1 970s. 
The development oí local consulting engineering firms was promoted 
by the Engineering Service Promotion Law oí 1973, which stipulated 
that, if possible, all engineering projects should be given to local firms 
as major contractors with foreign partners as minor participants. Such 
a scheme was aimed mainly at stimulating the emergence oí local 
engineering firms and providing local firms with opportunities to leam 
from experienced foreigners. But local infant engineering service firms 
were not capable oí playing the role oí diffusion agent in the early 
years oí industrialization. 

In 1962 the government established a scientific and technological 
information center as a linking mechanism for disseminating technical 
information, but its use by industry was quite limited in the early 
years because mature products were easily imitated through reverse-
engineering without the need to consult technical literature. In 1966 
the government established a public research institute as a diffusion 
agent. But Korean researchers, mostly from academic fields or R&D 
centers in advanced countries, lacked the manufacturing know-how 
that was in greatest demand during the early years and failed to 
serve as diffusion agents. The most important diffusion agents the 
government unintentionally created were the govemment enterprises 
established in the 1950s and 1960s. Engineers who accumulated mod-
ern. production experience in state-owned fertilizer and machinery 
plants spun off later to head engineering and production departmentS 
of private enterprises. 

Only in the 1980s did the Korean government introduce an exten- 
sive network oí government, public, and nonprofit (private) technical 
support systems to promote technology diffusion within the economy, 
particularly among SMEs.60  Some oí the support systems dated back 
to the 1970s but flourished in the 1980s with the growing importance 
oí technology. Figure 2-2 presents a schematic diagram oí institutional 
arrangements related to technology diffusion systems. 
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The Industrial Advancement Administration, a government 
agency, coordinates the functions of different technical support agen-
cies for both large and small firms. The National Industrial Technology 
Institute and eleven regional industrial technology institutes, together 
with the Small and Medium Industry Promotion Corporation, consti-
tute a national network of technical extension services, while the 
Korea Academy of Industrial Technology, together with other govern-
ment R&D institutes (GRIs) and industry-specific R&D institutes uncler 
trade associations, comprise a core of an R&D network for technology 
diffusion. Several private, nonprofit technical support systems also 
play an important role in technology diffusion among SMEs. The Korea 
Standard Association with its national network and Korea Productivity 
Center promote technology diffusion among firms mainly through 
their educational and training programs on quality control, value engi-
neering, physical distribution, and factory automation. In addition, 
the government introduced a scientific and technical information dis-
semination system by developing a data base in ten member institu-
tions and integrating them through an on-line network. 

In short, Korea developed, in the 1980s, an elaborate network of 
technical support systems for technology diffusion, which have 
evolved dynamically in response to changes in industries. 

INDIGENOUS RESEARCH AND DEVELOPMENT 

Korean firms acquired and assimilated foreign technology primarily 
through imitative engineering in the 1960s and 1970s, when relevant 
technology was readily available in a machine-embodied form and 
learning by doing was relatively easy. Consequently, none of the policy 
instruments to stimulate the country's own R&D were effective. 

As Korea underwent structural adjustments and entered progres-
sively more technology-intensive industries, the government focused 
more attention on indigenous R&D activities, primarily through two 
major mechanisms: direct R&D investment and indirect incentive 
packages. The government's direct investment is to develop the science 
and technology (S&T) infrastructure and to promote R&D at universi-
ties and GRIs. Its indirect incentive packages, including preferential 
finance and tax concessions, are aimed at stimulating increased indus-
try R&D. Table 2-2 summarizes the foregoing discussions of industrial 
and science and technology policies as well as R&D policies discussed 
below. 



Table 2-2 Industrial and Science and Technology Policies 

Policies 
	

1960s and 1970s 	1980s and 1990s 

Industrial Policies 

Science and Technology 

Policies 

Deliberate promotion of 

big businesses 

Export orientation 

Promotion of heavy and 

chemical industries 

Repression of labor to 
maintain industrial peace 

Restriction on FDI and 

FLs 

Promotion of capital-

goods import 

Promotion of GRIs in lieu 

of university research 

Promotion of GRIs 

Promotion of SMEs 

Export orientation 

Antitrust and fair trade 

Trade liberalization 

Financial liberalization 

Intellectual property 
rights protection 

Shifting emphasis on 

R&D, manpower 

developmerit 

Promotion of FOl and 

FLs 

Extensive diffusion net-

works 

Promotion of university 

research 

Promotion of corporate 

R&D activities 

Promotion of national 

R&D projects 
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Science and Technology 1 nfrastructure Development 

Anticipating increasing demands for science and technology, the gov-
ernment established the Korea Institute of Science and Technology 
(KIST) in 1966 as an integrated technical center to support the indus-
try's technological learning. As Korea's first multidisdplinary research 
institute, IUST covered a broad spectrum of activities in applied re-
search ranging from project feasibility studies to RErD for new products 
and processes. KIST spent a large proportion of the nation's total 
R&D expenditure in its early years. 

To keep pace with increasing sophistication and diversity, the gov-
ernment established several GRIs as spin-offs from KIST. Each was 
designed to develop in-depth capabilities in an area of high industrial 
priority: shipbuilding, marine resource, electronics, telecommunica-
tions, energy, machinery, and chemicais. 

The government also created two science centers; Seoul Science  

Park started in 1966 with three R&D institutes and three economic 
research institutes, but it failed to attract private R&D centers to the 
vicinity. Two of the three R&D institutes have been relocated. In con-
trast, Taedok Science Town, established in 1978 in an area 200 kilome-
ters south of Seoul, boasts fourteen GRIs and three tertiary educational 
institutions and has attracted more than eleven corporate R&D labora-
tories. Eighteen more firms plan to establish their R&D laboratories 
in the town within a few years, making it the first high-technology 
valley in the country. But despite almost twenty years of existence, it 
has neither built a reputation for attracting world-class scientists, as 
Tsukuba has in Japan, nor become a bustling industrial park with 
technology-based SMEs that have large shares of world markets for 
personal computers and peripherals, as Hsinchu has in Taiwan. 

The govemment also created an important milestone in 1975 by 
establishing a research-oriented graduate school of applied science and 
engineering, the Korea Advanced Jnstitute of Science, offering both 
master's and Ph.D. programs, adding another in 1995. These schools 
draw the most highly qualified entrants by offering extraordinary 
incentives for students (e.g., fuil fellowships covering tuition, room, 
and board and exemption from mffitary obligation).6' These schools 
produce almost haif of all Ph.D.s in science and engineering in Korea. 

University R&D 

Research endeavors in universities have been relatively underdevel- 
oped. Their R&D expenditures increased significantly from W 572 
million($1.5 million)in 1971 toW6ø8billion ($790 million) in 1994. 
While those institutions accounted for only 7.7 percent of the nation's 
R&D spending in 1994, they provided 33 percent of the nation's 
R&D manpower and 73.7 percent of its Ph.D.-level R&D personnel. 

Government statistics indicate that basic research accounted for 
14.4 percent, applied research for 23.8 percent, and development for 
the remaining 61.8 percent of the nation's total R&D expenditures in 
1994. The statistics also show that the private sector accounted for 
45.1 percent of the nation's basic research and 64.5 percent of applied 
research, while universities accounted for only 29.1 percent and 6.3 
percent, respectively.62  There is reason to doubt these figures for basic 
and applied research, particularly the share commanded by the private 
sector. Only fairly recently have the leading chaebois begun rather 
limited investment inapplied research in their largest technology busi-
nesses such as semiconductors and information science. Basic research 
has been even less developed. 

The Korean government's attempts to promote university R&D 
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activities began in the mid- 1 970s. Frustrated in its efforts to reform 
the undergraduate teaching-oriented tradition in education, the gov-
ernment conceived a dual system: since almost all universities under 
the Ministry of Education, public or private, were essentially teaching-
oriented, the Ministry of Science and Technology (MOST) founded a 
research-oriented S&T school in 1975 and another in 1995, establish-
mg a new research tradition in university education.63  

The goveniment also enacted the Basic Research Promotion Law 
in 1989, explicifly targeting basic research as one of the nation's top 
technological priorities. Emulating the U.S. experience, in 1989 the 
government introduced a scheme to organize science research centers 
(SRCs) and engineering research centers (ERCs) in the nation's univer-
sities. By 1993, fourteen SRCs and sixteen ERCs had been established, 
receiving government R&D subsidies of almost W 20 billion ($24.2 
million) in 1993. 

The lack of development in university research has been a major 
bottleneck in producing well-trained researchers. The government's 
recent efforts should result in significant reform in university R&D. 

GRI R&D 

Given the inadequacy of university research, GRIs have served as the 
backbone of advanced R&D in Korea. The govemment has made these 
institutes the major instruments in its Industrial Generic Technology 
Development Project (IGTDP), National R&D Project (NRP), and 
Highly Advanced National R&D Project. They have been the redpients 
of more than 90 percent of the research grants awarded by the govern-
ment in new technology areas. GRIs undertake most of these projects 
in conjunction with private firms. 

IGTDP concentrates mainly on current problems m existing tech-
nology areas with high economic externalities. Each year the Ministry 
of Trade, Industry, and Energy undertakes a survey to identify urgent 
R&D projects in industrial firms and offers financial support to GRIs 
and university laboratories to take on the projects jointly with private 
finns. Most of them are related to import substitution of Japanese 
components in the electronics and machinery industries. In 1989, 
for instance, 174 technologies were identified, 146 of which were 
designated as projects to be funded. For IGTDPs, the government 
earmarked W 11.5 billion ($17.2 million) in 1989, W 88.7 billion 
($110.8 million) in 1993, about $118,000 per project in 1987 and 
$388,000 in 1993. These amounts are not substantial enough to solve 
critical problems. 

In contrast, NRP projects focus primarily on future problems in 
new (to Korea) technology areas with a high risk of failure or with 
high economic externalities, thus warranting public support. MOST 
identified several target areas: localization of machinery parts and 
components, new materials development, semiconductor design, 
super-mini computer development, energy conservation technology, 
localization of nuclear energy fuel, new chemical development, bio-
technology development, and basic research in universities. The gov-
emment's total investment in NRPs increased significantly, from W 
13.3 billion ($17.7 million) in 1982 to W 98.8 billion ($123.5 million) 
in 1993. 

The most arnbitious government vision is the Highly Advanced 
National R&D Project, also known as the G-7 Project, which is aimed 
at lifting Korea's technological capability to the level of G-7 countries 
by 2020." The G-7 project has two parts: product technology develop-
ment projects and fundamental technology development projects. 
The former includes new drugs and chemicals, broadband integrated 
services digital network, next-generation vehicle technology, and 
high-definition television (HDTV). The latter contains ultra-large-scale 
integrated circuit, advanced manufacturing systems, new materials for 
information, electronics, and energy industries, environmental tech-
nology, new functional biomaterials, alternative energy technology, 
and next-generation nuclear reactor. Jointly, the government, univer-
sities, and industries will invest $5.7 billion, about haif of which will 
come from the private sector. 

The $1.3 billion invested during the first three years involved more 
than 13,000 researchers and resulted in 2,542 patent applications, 
almost 2,000 academjc articles, and three cases of technology export 
valued at $6 million. Notable outcomes include quinolon-based antibi-
otics, liver disease treatment medication, }IDTV and the completion 
of 256-mega dynamic random-access memory (DRAM) chip develop-
ment.65  

In the face of the rapid expansion of private R&D activities and 
increasing intensity in university R&D, reform of GRIs to redefine 
their roles has been discussed for some time. But inertia and the labor 
union of GRI members have made it difficult to implement the reform. 

Military R&D 

Given the threat of hostilities from North Korea, national security has 
been one of the major concems in Korea. As a result, the home market 
for military technology is unusually sophisticated and demanding. 
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Seeking to iessen reliance on foreign weapon suppliers and to ensure 
military independence, the Korean government launched an ambi-
tious program in the late 1970s to build local capability to develop 
modern weaponry, particularly nuclear warheads and missiles. Startled 
by Korea's bold move to develop its own defense capability, the U.S. 
government used carrots and sticks to persuade Korea to abandon the 
military R&D program. 

As a result, the ambitious program was scaled back in the 1980s. 
Its budget dropped to $114 million in 1988, only 0.2 percent oí that 
oí the United States and 4 percent oí that oí France. The ratio oí military 
R&D budget to total military expenditures was only 1.5 percent in 
Korea, compared with more than 10 percent in France and the United 
States. The nature oí the R&D is confidential, and the R6'D endeavors 
have been conducted almost strictly within the military: only 1.48 
percent oí the military R&D budget was allotted to universities in 
1988.66  

The isolated military R&D efforts have had little impact on the 
development oí technological capability in the wider economy. The 
private sector is involved in manufacturing some traditional weaponry, 
but the spillover effects of such operations on industrial innovation 
appear to be negligible, except for improving the degree oí precision 
in the machinery industry. 

Indirect Support for Industry R&D 

The government offered various tax incentives and preferential financ-
ing for R&D activities in the 1960s and 1970s, but during the 1970s 
the interest rate for R&D loans was one oí the highest, reflecting the 
low priority oí R&D in government policies. At the same time, these 
mechanisms were largely ignored by industry owing to the absence 
oí a clearly felt need to invest in R&D and the relatively easy means 
oí acquiring and assirnilating foreign technologies then available from 
many sources. Only in the early 1980s did preferential R&D loans 
become the most important means for financing private R&D activities. 
Preferential financing amounted to W 671.6 billion ($848 million) in 
1987, accounting for 94.3 percent oí total corporate R&D financing 
funded by the government. In contrast, direct R&D investment by the 
government through NRPs and IGTDPs accounted for only 4 percent 
oí the total and direct investment through venture capital firms ac-
counted for 1.7 percent of the total. 

Public financing (W 712.4 billion), mostly in the form oí preferen-
tial loans, accounted for 64 percent oí the nation's total R&D expendi-
ture in manufacturing in 1987. In short, the government plays a major  

role in funding corporate R&D in Korea, primarily through allocation 
oí preferential financing. The impact oí this financing, however, may 
be overstated. With rates oí preferential loans ranging between 6.5 
percent and 15 percent, they conferred little advantage over financing 
terms available in markets outside Korea .67 

Tax incentives are another indirect mechanism to make funds 
available for corporate R&D. In Korea, tax incentives may be classified 
into five categories, according to objectives to be served. Most im-
portant are tax incentives aimed at promoting corporate RErD invest-
ment, reduced tariffs on import oí R€rD equipment and supplies, 
deduction oí annual noncapital R&D expenditures and human re-
source development costs from taxable income, and exemption from 
real estate tax on R&D related properties. The incentives also include 
a tax reduction scheme, Technology Development Reserve Fund, 
whereby an enterprise can set aside up to 3 percent (4 percent for 
high-technology industries) oí sales in any one year to be used for its 
R&D work in the foliowing three years. The private sector did not 
take advantage oí this scheme in its early years, in the absence oí the 
need for technological activities, but now considers it an important 
way to finance its R&D. Other tax incentives are aimed at reducing 
the cost oí acquiring foreign technology, promoting technology-based 
small firms, reducing the cost oí commercializing locally generated 
technologies, reducing the cost oí introducing new products, and pro-
moting the venture-capital industry. 

In addition, the government introduced various indlirect support 
programs for specific industrial R&D activities. For instance, the World 
Class Korean Products program, first instituted in 1986, is a gov-
ernment scheme to make selected Korean products world class. The 
govemment selected twenty-seven products involving fifty-nine man-
ufacturers in the existing industries and offered preferential financing 
and other supports to improve the quality oí the products, to develop 
innovative ideas for future development, and to energize overseas 
marketing strategies. Sports shoes, fishing rods, pianos, tires, bicycles, 
compact disc players, ultrasonic scanners, VCRs, and videotapes are 
examples.68  

In 1993 the government introduced the New Technology Commer-
cialization Program, in which the government offers preferential fi-
nancing for activities related to R&D and commercialization oí new 
(to Korea) technologies developed locally and desigriated by the gov-
ernment. The government certifies them as KT (Korea technology) or 
NT (new technology). 

Realizing the importance oí new technology venture firms, the 



Table 2-3 	Research and Development Expenditures, 1965-1993 

(in biHions of won) 

1965 1970 

R&D expenditures 

Government 

Private Sector 

2.1 

1.9 

02 

10.5 

92 

1.3 

Government vs. Private 61:39 97:03 

R&D/GNP 026 0.38 

Manufacturing Sector 

R&D Expenditures NA NA 

Percent of Sales NA NA 

Number of Researchers (total)" 2,135 5,628 

Government/Public Institution 1,671 2,458 

tiniversities 352 2,011 

Private Sector 112 1,159 

R&D Expenditure/Researcher (W 1,000) 967 1,874 

Researcher/10,000 Population 0.7 1.7 

Number of Corporate R&D Centers O 

SOURCE: Ministry of Science and Technology (Korea), 1994 Report on the Survey of Research 

and Development in Science and Technology (Seoui: MOST, December 1994). 

NOTES: For 1976. 
The figures do not include research assistants, technicians, and other supporting personnel. 

'For 1971. 
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government introduced in 1992 the Spin-off Support program to en-
courage researchers in GRIs to spin off and establish new technology-
based small firms. Financial, manageriaL and technical assistance are 
offered to such prospective technical entrepreneurs. 

R&D lnvestment 

Facing the irnperative to shift to higher value technology-intenSiVe 
products, R&D investment has seen a quantum jump in the past de-
cades. Table 2-3 shows that total R&D investment increased from W 
10.6 billion ($28.6 mihion) in 1971 to W 7.89 trillion ($10.25 billion) 
in 1994. Though the Korean economy recorded one of the world's 

fastest growth rates, R&D expenditure rose even faster than GNR 
R&D increased its share of GNP (R&D/GNP) from 0.32 percent to 2.61 
percent during the same period, surpassing that of the United Kingdom 
(2.12 percent in 1992). It should, however, be pointed out that there 
are many reasons to suspect bubbles in the R&D statistics, particularly 
those of the private sector. 

The government has launched various programs to induce the 
private sector to establish formal R&D laboratories. These include tax 
incentives and preferential financing for setting up new laboratories 
and exemption from military service obligations for key R&D person-
riel. Owing partly to these programs and partly to increasing competi- 

1975 1980 1985 1990 1994 

42.7 

30.3 

12.3 

282.5 

180.0 

102.5 

1,237.1 

306.8 

930.3 

3,349.9 

651.0 

2,698.9 

7,894.7 

1,257.1 

6,634.5 

7129 64:36 25:75 19:81 16:84 

0.42 0.77 1.58 1.95 2.61 

16.70 75.97 688.59 2,134.70 4,854.1 

0.36 0.50 1.51 1.96 2.55 

10,275 18,434 41,473 70,503 117,446 

3,086 4,598 7,542 10,434 15,465 

4,534 8,695 14,935 21,332 42,700 

2,655 5,141 18,996 38,737 59,281 

4,152 15,325 27,853 47,514 67,220 

2.9 4.8 10.1 16.4 26.4 

12 54 183 966 1,980 
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tion in the international market, the number of corporate R&D 
laboratories increased from one in 1970 to 2,272 in 1995, reflecting 
the seriousness with which Korean firms are pursuing high-technology 
development. Although small and medium-size firms account for more 
than 50 percent of corporate R&D centers, chaebois dominate R&D 
activities. R&D spending in the manufacturing sector has grown faster 
than sales. The machinery and electronics industry spent more than 
4 percent of sales on R&D activities beginning in the mid- 1 980s. 

Consequently, there has been significant structural change in 
R&D investment. The government played a major role in R&D activities 
in early years, when the private sector faltered in R&D investment 
despite the government's encouragement. More recently, the private 
sector has assumed an increasingly larger role in the country's R&D 
efforts in response partly to increasing international competition and 
partly to a policy environment supportive of private R&D activities. 
For example, while the private sector accounted for only 2 percent of 
the nation's total R&D expenditure in 1963, the figure had risen to 
84 percent by 1994, which is the highest among both advanced and 
newly industrialized countries. 

TOTAL GLOBALIZATION POLICY 

A report by International Management Development (IMD) in Swit-
zerland ranked Korea low in international competitiveness indica-
tors.69  Its 1994 study shows that of forty-one advanced and newly 
industrializing countries included in the survey, Korea ranked thirty-
ninth in globalization, thirty-ninth in finance, thirty-first in business 
management, thirtieth in government, twenty-ninth un infrastructure, 
twentieth in human resources, eighteenth in science and technology, 
and seventh in domestic competitiveness. Korea ranked near the bot-
bm in many more indicators, including trade policy support for firms' 
globalization, domestic market liberalization, foreign investment liber-
alization, openness toward foreign culture, government's price control, 
balance in fiscal policy, financial support for firms, case of overseas 
finandng, and autonomy of financial institutions.7° 

Even among eighteen newly industrializing countries Korea slid 
from the top in 1991 to fifth in 1994 in domestic competitiveness, 
from fourth to ninth in infrastructure, from fourth to thirteenth in 
globalization, from third to ninth in business management, from fourth 
to tenth in government, from top to third in science and technology, 

and from seventh to tenth in finance duririg the same period. Korea's 
incredibly low ranking in the IMD study prompted several local insti-
tutes to undertake comparable studies just to find similar results.7' 

Shocked by these reports, the government launched another ambi-
tious scheme, segyehwa, "total globalization policy," with a goal to raise 
various activities in Korea to international standards. The segyehwa 
committee is manned by cabinet members and twenty-three represen-
tatives from the private sector and cochaired by the prime minister 
representing the government and a university president representing 
the private sector. This committee delineated twelve major tasks in-
cluding the reform of educational system and foreign language train-
ing, human resource development for "future industries, and the 
acceleration of information to society. Segyehwa manifested Korea's 
belated determination to make major reforms in human resource de-
velopment and government bureaucracy. Its efficacy, however, re-
mains to be seen. 

SUMMARY 

The government played a developmental role in Korea's early industri-
alization. On the demand side of technological learning, the govern-
ment created and fostered the growth of large chaebois as a vehicle 
for effective technological learning. The government then sanctioned 
them to accommodate technologically challenging, governrnent-
imposed new industrial projects and overly ambitious export goals 
and to accomplish them within the planned time frame, inducing a 
series of challenging crises for the private sector. These crises pushed 
the private sector into something of a life-or-death struggle and forced 
them to exert alI efforts toward accelerating technological learning. 
But at the same time, the government provided necessary supports 
through various incentives to make the crises creative rather than 
destructive. 

On the supply side of technological learning, the government re-
stricted foreign direct investment and foreign licensing, instead pro-
moting technology transfer through such other means as capital-goods 
imports in the early decades. Such a policy was effective in forcing 
Korean firms to acquire and assimilate foreign technology primarily 
through imitative reverse engineering of imported foreign goods in 
the early decades, when learning by doirig was relatively easy. Conse-
quently, none of the policy instruments to stimulate the country's own 
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R&D were effective. But anticipating increasing demands for S&T, the 
govemment established s&r infrastructure and GRIs when the private 
sector faltered in R&D investment. 

Significant changes in Korea's economic environment in recent 
decades have, however, forced the Korean government to make a 
major policy shift from protection of the local market, regulation 
of foreign investment, and direct support of exports and R&D to 
liberalization of trade, foreign investment and financial market, 
antitrust legislation to enhance competition, and indirect support 
for R&D activities. This policy shift was designed to introduce market 
mechanisms and to undertake a structural change toward relatively 
more technology-based industries. Despite efforts in the 1980s, 
several indicators show that Korea's international competitiveness 
has dwindled mainly as a result of inertia in bureaucracy. 

One encouraging sign is rapid growth in indigenous industrial 
R&D activities, an important indicator of leaming in industry. The 
private sector has assumed a major role in Korea's R&D efforts in 
response partly to increasing international competition and partly to 
a policy environment supportive of private R&D activities. The private 
sector accounted for more than 80 percent of the nation's total R&D 
expenditures in the 1990s. Korea is, however, far behind advanced 
countries in R&D activities. 

The policy environment described in this chapter, together with 
education and sociocultural environment, discussed in the following 
chapter, shaped the way firms have developed technological capability. 

Hardworking Koreans: Education 

and Sociocultural Factors 

No nation has tried harder and come so far so quickly from agrarian 
poverty to industrial prosperity as Korea.' At center stage of its success-
ful rapid industrialization are dynamic manufacturing firms that re-
sponded to the changing market and technology environment. In these 
firms, committed individuals acquired technological capability rapidly. 

Technological capability has two important elements. The first, 
an existing knowledge base, is essential in technological learning, as 
knowledge today influences leaming processes and the nature of accu-
mulated experience tomorrow. A firm's history determines the rate 
and direction of the technological efforts it pursues, which connect its 
past with its present.2  The second is the intensity of effort or commit-
ment. It is insufficient merely to expose individuals or firms to knowl-
edge. Without the conscious efforts of individuals within a firm to 
internalize such knowledge, learning cannot take place. 

The foregoing prompts two questions: (1) 110w have Koreans ac-
quired knowledge so quickly (prior knowledge base)? (2) Why have 
Koreans worked so hard (high intensity of effort)? This chapter exam-
ines Korea's education and training system to answer the first question 
and identifies sociocultural factors in an attempt to answer the second. 



Analytical Frameworks 

The process of technological learning at firms is so dynamic and com-
piex that it defies a simple analysis. As an attempt to shed light on 
the dynamic learning process from imitation to innovation in indus-
tries, this chapter introduces four analytical frameworks: global tech-
nology environment, institutional environment, dynamic learning 
process at the firm level, and technology transfer. Interrelations among 
the four frameworks are depicted in Figure 4-1. These frameworks are 
used as tools to analyze both incremental and discontinuous learning at 
Korean firms. 

GLOBAL TECHNOLOGY [NVIRONMENT FRAMEWORK 

This framework analyzes the global technology environment, presenting 
two technological trajectories: one in advanced countries and the other 
in catching-up countries. Technological trajectory refers to the evolu-
tionary direction of technological advance observable across industries 
and sectors. 

Technological change in catching-up countries stems largely from 
the acquisition, assimilation, and improvement of foreign technolog- 



Figure 4-1 The Analytical Frameworks 
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¡es. Foreign firms transfer these technologies as part of their own 
global business strategy to extend the life cycle of their products and 
technologies in the global market. For this reason, it is important 
for catching-up countries to understand the technology trajectory in 
advanced countries and global strategy of foreign technology suppliers. 
The catching-up countries should also understand the technological 
trajectory of industrializing economies. The interface between these 
two trajectories creates a dynamic technology environment, in which 
firms in catching-up countries have to operate. It is this environment 
that determines, to a significant degree, the strategy of these firms. 

Technology Trajectory in Advanced Countries 

William Abernathy and James Utterback postulate that industries and 
firms in advanced countries develop along a technological trajectory 

made up of three stages—fluid, transition, and specific.' Although the 
model is oversimplified to accornmodate variations of technological 
change in different industrial sectors, it provides a useful framework 
to understand technological change in advanced countries. 

According to this model, firms in a new technology exhibit a fluid 
pattern of innovation. The rate of radical, rather than incremental, 
product innovation is high. The new product technology is often crude, 
expensive, and unreliable, but it fiis a function in a way that satisfies 
some market niche. At this stage, technical entrepreneurs form small 
new firms and new venture divisions within existing firms, competing 
on the basis of their capability in product innovation. The risk of total 
failure is highest at this stage. Product changes are frequent, as are 
changes in the market, so the production system remains fluid and 
the organization needs a flexible structure to respond quickly and 
effectively to changes in market and technology. These characteristics 
are typical of the early history of many existing industries, and new 
industries continue to show the same dynamics.2  

As market needs become better understood and alternative prod-
uct technologies converge or drop out, a transition begins toward 
a dorninant product design and mass-production methods, adding 
competition in price as well as product performance. Cost competition 
leads to radical change in processes, driving costs rapidly down. Pro-
duction capability and scale assume greater importance to reap scale 
econornies. Strong, large firms take advantage of their capabilities in 
production, marketing, and management as well as R&D. In some 
cases, the original innovative firrn can gradually build such resources. 
In other cases, larger firms with considerable capital and management 
resources absorb the small innovative firms. 

As an industry and its market mature and price competition grows 
more intense, the production process becomes more automated, inte-
grated, systematized, specific, and rigid to turn out a highly standard-
ized product. The focus of innovation shifts to incremental process 
improvements in search of greater efficiency. When the industry 
reaches this stage, firms are less likely to undertake R&D aimed at 
radical innovations, becoming increasingly vulnerable in their compet-
itive position. Industry dynamism may be regenerated through inva-
sions by radical innovations introduced by new entrants.3  Often these 
are innovations generated elsewhere that migrate into the industry. 
Some industries, however, are quite successful in extending the life 
of their products in this specific state with a series of incremental 
innovations to add new values.4  At the later stage of this state, indus- 
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tries are typically relocated to catching-up countries where production 
costs are lower. Most traditional manufacturing sectors in advanced 
countries that lost their competitiveness to those of catching-up coun-
tries are at this stage. 

The upper part of Figure 4-2 depicts the aboye model. The fre-
quency of radical product innovations is high during the fluid stage 
but diminishes rapidly, while that of radical process innovations is 
high during the transition stage. In the specific stage, both radical 
product and radical process innovations are low. The figure also depicts 
the invasion of new radical ideas reversing the direction of the techno-
logical trajectory. However, this model might change significantly with 
a shift ui the technoeconomic paradigm. For example, the spread 
of microelectronic technology across industries may enable mature 
industries to regenerate by becoming more flexible and information-
intensive and by redesigning mature products to give new life.5  The 
Abernathy-Utterback model is still useful in explaining the learning 
process of Korean firms in the past. 

Technological Trajectory in Catching-up Countries 

The course of technology development in catching-up countries has 
been somewhat different from that of advanced countries. On the 
basjs of research in several different industries in Korea, 1 developed 
a three-stage model—acquisition, assimilation, and improvement—to 
extend Abemathy and Utterback.6  

During the early stage of their industrialization, catching-up 
countries acquire mature (specific-state) foreign technologies from 
industrially advanced countries. Lacking local capability to establish 
production operations, local entrepreneurs develop production pro-
cesses through the acquisition of packaged foreign technology, which 
includes assembly processes, product specifications, production know-
how, technical personnel, and components and parts. 

Production at this stage is merely an assembly operation of foreign 
inputs to manufacture fairly standard, undifferentiated goods. With 
low labor costs and little cost pressure in the protected market, the 
operation is relatively inefficient. The immediate technological task is 
the implementation of transferred foreign technology to manufacture 
products whose technology and market have been tested and proved 
elsewhere. For this purpose, only engineering (E) efforts are required. 
Foreign technical assistance is most significant in debugging problems 
in the initial implementation of production operations, but its utility 
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diminishes rapidily as local technicians acquire production and product 
design experience. 

Once the implementation task is accomplished, production and 
product design technologies are quickly diffused within the country. 
Late entrant firms acquire technological capability by stealing experi-
enced technical personnel from the early acquirers. Increased competi-
tion from new entrants spurs indigenous technical efforts in the 
assimilation of foreign technologies to produce differentiated items. 
Technical emphasis is placed on engineering and limited development 
(D&E) rather than research (R). By assimilating imported technology, 
local firms are able to develop related products through imitative 
reverse engineering without the direct transfer of foreign technologies. 

The relatively successful assimilation of general production tech-
nology and increased emphasis on export promotion, together with 
the increased capability of local scientific and engineering personnel, 
lead to the gradual improvement of technology. Imported technologies 
are applied to different product lines through local efforts in research, 
development, and engineering (R,D&E). In proceeding along this 
trajectory at acquisition, assimilation, and improvement, firms in 
catching-up countries reverse the sequence of R,D&E in advanced 
countries. 

Integration of the Two 
Linking the technological trajectories of Abernathy and Utterback with 
mine, Jinjoo Lee and his associates postulate that the three-stage tech-
nological trajectory in catching-up countries takes place not only in 
mature technology in the specific stage but also in growing and emerg-
ing technologies in the transition and fluid stages.7  As shown in Figure 
4-2, firms in catching-up countries that have successfully acquired, 
assimilated, and sometimes improved mature foreign technologies may 
aim to repeat the process with higher-level technologies in the transi-
tion stage in advanced countries. Many industries in the first tier of 
catching-up countries (e.g., Taiwan and Korea) have arrived at this 
stage. If successful, they may eventually accumulate indigenous tech-
nological capability to generate emerging technologies in the fluid stage 
and challenge firms in the advanced countries.8  When a substantial 
number of industries reach this stage, the country may be considered 
an advanced country.° So far, Japan may be the only catching-up 
country that reached this stage in the twentieth century. This frame-
work provides an understanding of dynamically changing global tech- 

nology environment, under which institutions and firms have to 
operate. 

INSTITUTIONAL ENVIRONMENT FRAMEWORK 

The acquisition of technological capability is a complex learning pro-
cess at all. Ievels of society. For firms in catching-up countries, there 
can be many sources of technological learning. These may be grossly 
categorized into three groups: the international community, the do-
mestic community, and in-house efforts at the firm level. There are 
also five important factors that significantly influence the learning 
process: market and technology environment, public policy, formal 
education, socioculture, and organizational structure. Figure 4-3 de-
picts the major sources of technological learning, the firm's interactions 
with these sources, and the factors influencing the interactive process. 

International Sources 

The international community is perhaps the most important source 
of technological learning for firms in catching-up countries, as changes 
in the technological trajectory in advanced countries creates favorable 
windows of opportunity for those striving to catch up.'° The arrow 
from the firm toward the international community, as depicted in 
Figure 4-3, shows how existing technological capability enables a 
catching-up firm to exploit unfamiliar technologies available in the 
international community. Technological capability includes not only 
substantive technical knowledge but also the capacity to identify 
sources of useful complementary expertise outside the" Tech-
nological capability also enables the firm to recognize the value of new 
external information, to strengthen its bargaining power in technology 
transfer negotiations, and to assimilate the transferred knowledge. It 
also makes the firm more proactive as it is highly sensitive to emerging 
technological opportunities. The firm aggressively seeks new opportu-
nities to exploit and develop its technological capability. This capability 
also enables the firm to predict more accurately the nature and com-
mercial potential of technological progressi2  Thus, firms that develop 
a broad and active network with the international community 
strengthen their capacity to identify others' capabilities and to learn 
from them in order to build own technological capability. 

The arrow from the international community to a firm indicates 
how foreign technology transferred to the firm strengthens its techno- 
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logical capability by raising the level of the existing knowledge base, 
an essential component. This process is often called international tech-
nology transfer. 

Domestic Sources 

Technological capability may also be raised through interactions with 
the domestic community. The community's existing technological ca-
pability enables a firm to identify and explore comp!ementary expertise 
available within the economy. Local universities, government R&D 
institutes and other public support agencies, buyers and suppliers, and 
other firms within the economy could be important sources of scientific 
and technical information new to the firm. Joint research projects 
with universities and research institutes cou!d give it a significant risc 
in technological capability. The observation of advanced equipment 
in use by other firms or in exhibitions at trade fairs is a major source 
of imitative reverse engineering. 13  In short, technological capability 
enhances the competence to exploit external information, while its 
transfer strengthens firms' knowledge stock, raising technological ca-
pability. 

In-house Efforts 

Figure 4-3 also depicts the interactive mechanism between existing 
technological capability in a firm and its production experience and 
R&D activities. Existing technological capability enables the firm to 
operate and maintain production systems efficiently. Technological 
capability may be developed as a by-product of operations through 
learning by doing. This is particu!arly important for firms in catching-
up countries. The more firms become practiced, the more they become 
capable at activities in which they are already engaged. In addition, 
production experience enables firms to recognize and exploit new 
information re!evant to particular production methods to improve 
their own processes. 

Technological capability is also generated as a by-product of a firm's 
R&D, particularly when knowledge is less exp!icit and codified and 
more difficult to assimilate in a technologically progressive environ-
ment.'4  The more difficult learning is, the more knowledge has to 
have been accumulated via R&D for effective learning to occur. The 
more difficult the learning environment, the higher marginal effect 
of R&D on technological capability.15  R&D activities enable firms to be 
aware of the significance of new external signais and exploit available 
information more effectively. Technological capability also enables 
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firms to identify the sorts of associations and linkages they may never 
before had considered, leading to creativity in research, development, 
and engineering activities. 16 

In short, technological capability at the firm level is acquired and 
accumulated mainly through three mechanisms: interactions with the 
international community, interactions with the domestic community, 
and in-house efforts. Further, these three activities intersect and rein-
force one another. Effective interactions with both international and 
domestic communitjes fadiitate in-house efforts, while effective in-
house efforts promote interactions with external communities, both 
through the process of technological learning. The process involving 
interactions and consequent technological learning are significantly 
affected by five factors: the market/technology environment, formal 
education, socioculture, organizational structure, and public policy. 

Five Influencing Factors 

The first factor, the market and technological environment, affects to 
a significant extent not only the behavior of a firm, suppliers, custom-
ers, and policymakers but also the interactions among them. The pro-
cess of technological changes and market forces operating thereon 
compel the firm to intensify its efforts to strengthen internal activities 
and in turn develop technological capability. It also compeis the firm 
to intensify external activities to strengthen its learning from outside 
sources. In this vein, an export-oriented industrialization strategy, as 
discussed in Chapter 2, forces local firms to survive and grow in the 
more competitive international market than in the highly protected 
import-substituting local market. 

The second factor, the government, can make a significant impact 
on the process of technological learning through both direct and mdi-
rect measures such as industrial, trade, and science/technology policies 
(see Chapter 2). Such policies affect a firm's interactions with the 
international community by regulating the inflow of foreign technol-
ogy. They affect the firm's interactions with the domestic community 
by influencing the availability and efficacy of local supporting institu-
tions and the quality of educational institutions. And they affect the 
firm's interaction with the market environment by shaping industrial 
organizationS. That is, these policies set macroeconomic environments 
in which firms have to operate, thus affecting directly and indirectly 
the process of technological learning. 

The third factor, the structure and quality of the formal education 
system, affects the accumulation of technological capability at the firm  

leve!. The importance of education in industrialization is well known 
from the economic history of Westem countries. New recruits from 
the formal educational system provide firms with a continuous inflow 
of new knowledge and skills, which upgrade their technological capa-
bility for future learning. 

The fourth factor mnfluencing the process of technological capability 
acquisition is the sociocultural environment. This includes the beliefs, 
norms, and values in the society (see Chapter 3) that have significant 
effects on the formation of work ethics, which in tum influence the 
mind-set and behavior of people in the firm. 

The fifth factor is organization and management. Even within 
the same socioculture, there are significant differences in the way an 
organization is structured and managed. These characteristics deter-
mine the incentive within the organization that elicits the energy and 
skills of the people. Many studies show that organizational properties 
are much more important than the characteristics of its participants 
in predicting the adoption of changes.'7  A conducive organizational 
environment fosters not only effective learning by its members but 
also its translation into organizational capability. In contrast, a rigid 
organization stifles the creativity of its participants, hindering both 
individual and organizational learning. 

DYNAMIC LEARNING PROCESS AT THE FIRM LEVEL 

The foregoing two frameworks provide an environment in which firms 
have to leam technologically. Understanding the dynamically chang-
ing global technology environment and a network of supporting insti-
tutions alone can explain neither the different growth rate between 
catching-up countries nor that between firms within Korea. Many 
catching-up countries have attempted at one point or another to pur-
sue a similar strategy with few results. Even within the same country 
and a similar economic and technological environment, some firms are 
more effective than others in strerigthening competitiveness through 
effective learning. 

Understanding the dynamic process of a firm's technological learn-
ing is essential, because technological change is localized at the firm 
leve!.18  Firms develop their technological capability through in-house 
efforts augmented by interactions with domestic and foreign institu-
tions, constrained by regulations, and stimulated by government in-
centives in the dynamically changing global technology environment. 
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Thus, the learning effectiveness of individual firrns that gives rise to 
their technological capability is a central issue in technological develop-
ment. When an economy has many firms that grow dynamically by 
sustaining competitiveness through effective technological learning, 
the economy enjoys international competitiveness and healthy 
growth.'9  

Technological capability includes not only capacity to assimilate 
existing knowledge (for imitation) but also capacity to create new 
knowledge (for innovation). Technological learning, whether to ¡mi-
tate or innovate, takes place al two different levels: individual and 
organizational. The prime actors in the process of organizational leam-
ing are the individuals within a firm. Organizational learning is not, 
however, a simple sum of individual learning; rather, it is the process 
that creates knowledge, which is distributed across the organization, 
is communicable among members, has consensual validity, and is 
iritegrated into the strategy and management of the organization.20  
Individual learning is, therefore, a necessary condition for organiza-
tional learning, but it is not by itself a sufficient condition. Only effec-
tive organizations can transiate individual learning into organizational 
learning. 

Knowledge and Learning 
Technological change, through either imitation or innovation, is a 
process in which a firm identifies real or potential problems, then 
actively develops new knowledge to solve them. At this point, it is 
important to introduce the two dimensions of knowledge: explicit 
and tacit. Explidt knowledge refers to knowledge that is codified and 
transmittable in formal, systematic language. Thus, explicit knowledge 
may be acquired from books, technical specifications, designs, and 
material embodied in machines. Joseph Badaracco calls it migratory 
knowledge. "21 In contrast, tacit knowledge is so deeply rooted in the 
human mmd and body that it is hard to codify and communicate and 
can be expressed only through action, commitment, and involvement 
in a specific context. Tadt knowledge can be acquired only through 
experience such as observation, imitation, and practice. 

Ikujiro Nonaka postulates that the organization creates new 
knowledge through building both explicit and tacit knowledge and, 
more important, through the dynamic process of four different types 
of conversion between these two dimensions of knowledge: tacit to 
tacit, explicit to explicit, tacit to explicit, and explicit to tacit. Conver-
sion from tacit to tacit, called socialization, takes place when tacit 

   

knowledge within one individual is shared by another through train-
ing, while conversion from explicit to explicit (combination) takes 
place when an individual combines discrete pieces of explicit knowl-
edge unto a new whole. Conversion from tacit lo explicit (externaliza-
tion) can be said to have taken place when an individual is able 
to articulate the foundations of his or her tacit knowledge, whereas 
conversion from explicit to tacit (intemalization) takes place when 
new explicit knowledge is shared throughout a firm and other mem-
bers begin to use it to broaden, extend, and reframe their own tacit 
knowledge. Such conversions tend to become faster in speed and larger 
in scale as more actors in and around the firm become involved in 
knowledge conversions. Using Japanese examples, Nonaka and uro-
taka Takeuchi provide excellent detailed discussions of a spiral model 
of organizational knowledge creation, showing how an upward spiral 
starts at the individual level and moves up to the organizational level.22  

Technological capability at a firm is not a collection of explicit 
knowledge; rather, it is largely a collection of tacit knowledge. The 
firm may have some proprietary explicit knowledge such as firm-
specific blueprints and standard operating procedures, but those are 
useful only when tacit knowledge enables its members to utilize them. 
Richard Nelson and Sidney Winter also note that much of the knowl-
edge that underlies the effective performance of an organization is 
tacit knowledge embodied in its members .23 

Absorptive Capacity 
Effective knowledge conversions to lead to productive technological 
learning require two important elements: existing knowledge base, of 
course mostly tacit knowledge, and the intensity of effort. Wesley 
Cohen and Daniel Levinthal call it absorptive capacity. 

First, existing tacit knowledge, as an essential element in techno-
logical learning, influences learning processes today and the nati1re of 
learning tomorrow. That is, today's tacit knowledge enables individuals 
and organizations to create tomorrow's increased tacit knowledge 
through various forms of knowledge conversion. The second important 
element is the intensity of effort or commitment. It is insufficient 
merely to expose individuals and firms to explicit knowledge. Without 
conscious efforts of individuals within a firm to internalize such knowl-
edge, learning cannot take place. 

These two variables, existing knowledge and the intensity of effort, 
in an organization constitute, as presented in Figure 4-4, a two-by-
two matrix that indicates the dynamics of technological capability. 
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Figure 4-4 Dynamics of Technological Learning 

Intensity of Efforts 

High 	 LOW 

High 

Existing 
Knowledge 
Base 

Low 

98 FROM IMITATION TO INNOVATION IN INDUSTRIES ANAEYTICAL FRAMEWORKS 99 

When both existing tacit knowledge and the intensity of effort are 
high (quadrant 1), technological capability is high and rapidly rising. 
On the contrary, when both elements are low (quadrant 4), technologi-
cal capability is low and fallirig. Organizations with high existing tacit 
knowledge and low intensity of effort (quadrant 2) might have high 
capability but will lose it gradually, since existing tacit knowledge 
becomes obsolete as technology moves along its trajectory. Such orga-
nizations gradually move down to quadrant 4. In contrast, organiza-
tions with low existing tacit knowledge but high intensity of effort 
(quadrant 3) might have low technological capability but wilI acquire 
it rapidly, as both continuous and discontinuous learning can take 
place through significant investrnent in learning, moving progressively 
to quadrant 1. In short, it can be said that the intensity of effort or 
commitment is a more crucial element than existing tacit knowledge 
for long-term learning and competitiveness of firms. 

Crises and Discontinuous Learning 

How then should a firm manage the intensity of effort? When does 
the firm and its members actively search for new knowledge? When 
do individuals within the firm vigorously commit their energy to 

knowledge conversion? When does a spiral pattern of knowledge 
conversion take place more rapidly and on a larger scale? To state it 
differently, when does discontinuous learning take place? 

Cumulative technological learning can take place under normal 
circumstances. Discontinuous learning, however, takes place norrnally 
when a crisis is perceived in market competition and a strategv is 
implemented to turn the situation around. In such a case, the firm 
has to invest heavily, by hiring new personnel, in the acquisition of 
new tacit and explicit knowledge as well as in knowledge conversion 
activities to overcorne the crisis in the shortest possible time. Just as 
the word crisis in Chinese character (weiji) is a combination of two 
characters (threat and opportunity), some firms manage to turn a crisis 
into an opportunity to transform their technological capabilities in a 
discontinuous manner and enhance their competitiveness. A crisis 
may be creative in this sense; otherwise, it can be destructive. 

A crisis may be generated naturaily when a firm loses its competi-
tive standing in the market24  or intentionally when an externa! princi-
pal or top management evokes a sense of crisis by proposing 
challenging goals.25  Intentionally evoked crises may be imposed by 
the external coalition on a focal firm or industry in general. In catching-
up countries, particularly where the state plays an orchestral role 
in industrialization, the governrnent could impose a crisis by setting 
challenging goals for firms in a strategically designated industry. This 
is called an imposed crisis .26 

Or the dominant coalition within a finn could intentionally con-
struct a crisis, which is largely a negative word for mediocre managers. 
It may mean imminent, unfolding disaster, most possibly resulting in 
management failure and loss of face. Thus, crisis-oriented learning is 
discouraged. But for visionary entrepreneurs, crisis construction may 
be a strategic means of opportunistic learning, bringing about a valu- 
able transformation in the firm. This is called constructed crisis .27  An 
effective learning organization may frequently evoke constructed cri- 
ses and institutionalize the process and structure to make discontinu- 
ous learning possible and to turn the crises into opportunities. It may 
be hypothesized that the owner/entrepreneur may be in a better posi- 
tion to introduce constructed crisis than the employed manager, as 
the former has stronger, centralized power without competing share-
holders. In this vein, the tycoon of family-owned Korean chaebois, if 
he is entrepreneurjal, might be in a more advantageous position to 
generate more constructed crises than managers. 



Figure 4-5 Evolution of Technology Transfer in Catching Up 
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SOURCE: Linsu Kim, "Korea: The Acquisition of Technology," in Hadi Soesastro and Man 
Pangestu, eds., Technological Challange in theAsia-Pacific Economy (Sydney: Allen and Unwin, 
1990): 145-157. 

NOTES: 1. Mergefacquisition  and strategic alliances, which are essential mechanisms in 
transferring technology or technology capability avaijable in advanced countries, are not 
included in this dassification, as they are strategies relevant only in (he fluid stage, in which 
Korean firms have to generate new technology at the frontier. 

2. The two dimensions—market mediation and supplier's role—were originally introduced by 
Martin Fransman, "Conceptualizing Technical Change in the Third World in the 1980s: An 
lnterpretive Survey,"Journal of Development Studies, July 1985. 
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Focal levels in Firms 

In the catching-up process, the shop floor is undoubtedly the focus 
for dumulative learning, as transferred technology is first implemented 
there and later incrementally improved to achieve optimal productiv-
ity.28  

The strategic importance of top and middle management should 
not, however, be overlooked in late industrialization.29  Their role is 
vital in discontinuous learning. It is entrepreneurial-minded top man-
agement that introduces constructed crises. This forces discontinuous 
learning that articulates metaphors and symbols to give organizational 
directions, creates task-force teams to manage organizationwide leam-
ing process, provides resources to support learning activities to make 
crises creative, and dears away any obstacles in the learning process. 

It is the middle management that transiates the ideas of the top 
into reality on the shop floor in managing constructed crises. Middle 
management is at the intersection of the vertical and horizontal flow 
of crucial information in the firm, managing task-force teams in which 
close interactions ainong members and crucial knowledge conversions 
take place. Nonaka's suggestion of middle-up-down management ad-
dresses the same issue.3° 

TECHNOLOGY TRANSFER FRAMEWORK 

For firms to learn effectively, technology transfer from foreign compa-
nies in advanced countries can be an important source of both explicit 
and tacit knowledge. To analyze the behavior of firms in the acquisition 
of foreign technology, another framework is introduced that describes 
behavior operating in two dimensions. In the first, technology transfer 
may or may not be mediated through the market. In market-mediated 
technology transfer, the supplier and the buyer may negotiate payment 
for the transfer, either embodied in or disembodied from the physical 
equipment. Foreign technology may also be transferred to local users 
without the mediation of market; in this case the transfer usually 
takes place without formal agreements and payments. In the second 
dimension, the foreign supplier may take an active role, exercising 
significant control over the way in which technology is transferred to 
and used by the local recipient. Alternatively, the supplier may take 
a passive role, having almost nothing to do with the way the user 
takes advantage of available technical know-how either embodied in 
or disembodied from the physical items. These two dimensions—the 

mediation of market and the role of foreign suppliers—offer a useful 
two-by-two matrix, shown in Figure 4-5, to identify and evaluate 
different mechanisms of international technology transfer .31 

In other words, firms in catching-up countries have many alterna-
tive mechanisms in acquiring foreign technology. Foreign direct invest-
ment, foreign licenses, and turnkey plants are major sources of formal 
technology transfer in quadrant 1. The purchase of capital goods trans-
fers machine-embodied information (quadrant 2). Printed information 
such as sales catalogs, blueprints, technical specifications, trade jour-
nals, and other publications, together with observation of foreign 
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plants, serve as important informal sources of new knowiedge for 
firms in catching-up countries (quadrant 4) •32  Foreign suppliers and 
buyers from original equipment manufacturers often transfer critical 
knowledge to producers to ensure that products rneet the buyers' 
technical specifications (quadrant 3) In addition, reverse brain dram 
or return of foreign trained professionals and moonlighting foreign 
engineers give significant risc to technological learning of firms in 
catching-up countries .34 

If firms in catching-up countries have absorptive capability, they 
can effectively acquire foreign technology without transactions costs 
(quadrants 3 and 4). When technology is simple and mature and 
patents have already expired, these firms, particularly small ones, with 
sufficient capability (high tacit knowledge and high intensity of efforts) 
do not have to purchase technology through formal mechanisms; 
rather, they can reverse-engineer foreign products, producing knock-
offs and clones. 

SUMMARY 

This chapter introduced four analytical frameworks that 1 use as tools 
to analyze incremental and discontinuous learning at Korean firms. 
The first framework analyzes the technological environment, in which 
firms in catching-up countries have to formulate and irnplement tech-
nological strategy along dynamically changing technological trajector-
ies. At the specific state of the trajectory, it may be relatively easy for 
catching-up firms to acquire mature foreign technologies, which might 
be generaily available for them to imitate freely or to purchase at a 
bargain price from foreign suppliers. Rapid industrialization in catch-
ing-up countries has, however, pushed up wage rates faster than 
productivity, resulting in the rapid erosion of competitiveness in labor-
intensive light industries. As a result, catching-up firms have to com-
pete against more industrialized countries by creatively adding values 
on mature products or, in reverse, entering the transition state through 
enhanced technological efforts. 

The second framework examines the institutional environment 
that provides sources of technological learning. The international com-
munity offers foreign direct investment, foreign licensing, turnkey 
plant transfer, the purchase of capital goods, and migration of technical 
personnel. it may be the major source of technology for catching-
up countries, as market-proven technologies are readily available in  

advanced countries. In the local community, public research institutes, 
universities, and other firms may also provide valuable assistance. 

The third framework theorizes the dynamic learning process at the 
firm level. Technological learning or the acquisition of technological 
capability is the acquisition and assimilation of existing knowledge 
and, more important, the creation of new knowledge. When successful 
it proceeds through a spiral process of conversions between explicit 
and tacit knowledge. To this end, the existing knowledge base and the 
intensity of efforts are important ingredients in leaming. Cumulative 
learning takes place through learning by doing, but discontinuous 
learning takes place in crisis. Effective learning firms construct crises 
intentionally to develop organizational systems and manage their pro-
cesses to make the crises truly creative. 

The final framework categorizes four major modes of technology 
transfer across national boundaries. The mode of transfer is determined 
largely by a buyers absorptive capability. If the buyer has sufficient 
capability, it can effectively acquire foreign technology without trans-
action costs and produce knockoffs and clones through reverse engi-
neering. 

These frameworks are used as tools to analyze the dynamic process 
of rapid technological learning at Korean firms and the role played 
by the supporting institutions and the govemment in the dynamically 
changing global technology environment. 



The Automobile Industry: Crisis 
_ 

Constructuon and Technological 

Learning 

'Only a handful of car manufacturers would survive the global shake-
out of the 1990s and none of South Korea's five automakers was to 
be among them, having been driven out or relegated to niche mar-
kets dependent on alliances with Toyota, Honda, Nissan, Volkswagen, 
Ford, or General Motors," predicted one economic joumal in 1992.' 
Nonetheless, five Korean automakers are determined to become 
leading automakers on their own in order to contend in the world 
market. 

Korea's automobile industry has grown phenomenally since its 
birth in 1962, as shown in Table 5-1. Production increased tenfold in 
the first decade, tenfoid again in the second decade, and twentyfold 
in the third. As a result, Korea has risen rapidly in the ranks of the 
world's auto producers. It was not everi on the charts in 1980—Korean 
production was about one-tenth that of Brazil, which ranked tenth—
yet rose to eleventh in the world in 1986, to ninth in 1991, and sixth 
by 1993. The Korean government initially envisioned its car industry's 
growing to fifth in the world by the twenty-first century. Korea's car 
makers, however, pushed even harder and reached fifth place in 1994 
by producing 2.3 million cars, surpassed only by the United States, 
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Table 5-1 	Growth of the Automobile Industry in Korea 

(in thousands) 

Year 

1962 	1965 1970 1975 1980 1985 1990 1994 

Production 
Hyundai 	- 	- 4.3 7.1 61.8 240.7 676.0 1,134.6 

Kia 	0.07 	0.03 5.7 20.0 34.1 872 377.3 619.9 

Daewoo 	1.7 	0.1 16.6 93 25.7 45.0 2012 340.7 

Others 	- 	- 1.7 0.4 2.8 7.5 48.0 216.5 

Total 	1.77 	0.14 28.4 36.8 124.4 380.4 1,302.5 2,311.7 

[xports 

Hyundai 	- 	- - - 162 120.0 225.4 393.0 

Kia 	- 	- - 0.01 4.7 1.4 85.8 210.5 

Daewoo 	- 	- - - 42 5.6 342 99.8 

Others 	- 	- - - 0.1 0.9 1.7 34.7 

Total 	- 	- - 0.01 252 127.9 347.1 738.0 

SOURCE: Based on data provided by the Korea Automotive Industry Cooperation. 

Japan, Germany, and France .2  (See Table 5-2.) 111 addition, Samsung, 
the largest chaebol, announced plans to join existing Korean firms in 
producing cars beginning in 1998. 

Korea's auto exports also inaeased rapidly, from 1,341 in 1976 to 
737,943 in 1994, making automobiles the nation's seventh largest 
export item behind electronics, textile products, machinery, Steel prod-
uctS, and footwear in 1992 .3  Korea's successful entry to the U.S. market 
in the 1980s with a subcompact car made by Hyundai repeated West 
Germany's success in the 1950s with Volkswagen and Japan's success 
in 1970s with Toyota.4  How have Korean automakers grown techno-
logically fast enough to emerge as new contenders in the world mar-
ket? 110w has the industry interacted with the government in this 
process? 

IMITATION DRIVE IN THE AUTOMOBILE INDUSTRY 

In the 1950s, more than a hundred primitive garages manually fabri-
cated and assembled a few automobiles a year based on used military 

parts and components and experience maintaining military vehicles. 
The Korean Army and Air Force vehicle renovation depots overhauled 
imported Japanese and American military vehicles to stretch their 
life cycles. These military depots were the breeding grounds for the 
experienced techn.icians with necessary tacit knowledge who would 
later staff the primitive automobile fabricators.5  

However, Korea's modern automobile industry can be said to have 
begun in 1962, when a local firm, Saenara, established the first well-
structured assembly plant to produce Japanese subcompact cars in 
Korea at the instigation and promotion of the Korean government. 
As part of its First Five-Year Economic Development Plan, the Korean 
government enacted the Automotive Industry Promotion Law of 1962, 
which provided tariff exemptions for imports of parts and components, 
tax exemptions for assemblers, and local market protection from for-
eign cars. This led to the birth of the first modern assembly plant, a 
semi-knocked-down (SKD) type of operation, in Korea .6  Technical 
assistance and SKI) parts carne from Japanese Nissan and most of 
the senior engineers from military vehicle renovation depots .7  This 
company evolved into Daewoo Motor." 

Three locally owned assemblers emerged soon after; Hyundai 
began in 1967 to assemble Ford cars, Asia Motor in 1969 to assemble 
Fiats, and Kia Motor, a motorcycle producer, in 1974 to produce a 
Mazda model. What is noteworthy is that, unlike other developing 
countries but like Japan, Korea pursued a unique and independent 
strategy of developing its automobile industry independently of the 
multinational automakers in the international oligopolistic market, in 
which twenty producers from seven countries regularly accounted for 
more than 92 percent of world production.9  

Hyundai, one of the two largest chaebois and by lar the largest and 
most successful automaker, decided from the start that if it was to 
become a power in the international automobile industry, it would 
have to be its own master. (In 1979 Japan's Mitsubishi Motors assumed 
a 12 percent equity share in return for access to technology, but Hyun-
dai has maintained fulI independence in global strategy.) Kia, the 
seventh largest chaebol with a background in bicycles, motorcycles, 
motortricycles, and small trucks, also entered the industry as an inde-
pendent firm. Kia gaye equity stakes totaling 20 percent to Ford, 
Mazda, and Itochu in attempts to acquire crucial technology, but it 
has maintained its management independence, pursuing its own tech-
nology and marketing strategy. As a result, it has surged to become 
Korea's second largest producer. In contrast, despite its head start as 
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Figure 5-1 Dynamics of Hyundai's Capability Building 

Intensity of Effort 

High 
	

Low 

 

High 

(1) 

High Capability 
Relative to Tasks 

(2) 

Crisis 
Construction 

Existing 
Knowledge 
Base 

Low 
ATiewith Ford 
Upgraded Hyundai's 
Knowledge Level. 

(3) 

la~  

(4) 

110 FROM IMITATION TO INNOVATION IN INDUSTRIES 	 THE AUTOMOBILE INDUSTRY 111 

Korea's first automobile company, Daewoo, in a joint venture with 
General Motors (GM), was so constrained by GM's global corporate 
strategy that it found itself trailing Hyundai and Kia. Finaily, after 
years of discord, Daewoo bought out GM's equity share in 1992 to 
pursue an independent global strategy. 

The Korean government played a significant role in developing 
the automobile industry, imposing crises while providing supports to 
make those crises creative rather than destructive. For example, the 
government established a domestic content schedule in 1966, which 
it implemented through various incentive policies. The preferential 
allocation of foreign exchange was tied to the degree of localization 
achieved, consequently pushing the domestic content ratio from 21 
percent in 1966 to more thari 60 percent in 1972 and to 92 percent 
by 1981, transforrning the assembly operation from an SKI) to a corn-
pietely knocked-down (CKD) arrangement)° 

The government designated the automobile industry as a strategic 
sector to promote and offered, among other things, various preferential 
financing and tax concessions, which made it easy for producers to 
expand production facilities. As mentioned in Chapter 2, these two 
measures were among the most crucial the government employed in 
directing the private sector. The rapid industrialization should, how-
ever, be attributed as much to miraculously dynamic industrial activi-
ties at the firm level as to effective policy intervention. 

Initial Assembly Operation 

Hyundai's entry unto the automobile industry illustrates the way Ko-
rean automobile producers acquired their initial production capability. 
Lacking experience in automobile production at the outset, Hyundai 
formed a task force in 1967." Team members with strong project 
management and engineering backgrounds carne from Hyundai Con-
struction, while others were poached from existing auto producers 
with auto production experience, providing requisite variety in experi-
ence and knowledge. The recruited engineers increased Hyundai's 
level of tacit knowledge related to automobile production. 

In 1968 Hyundai entered an Overseas Assembler Agreement with 
Ford, whereby Hyundai was to assemble a Ford compact car on an 
SKD basis.'2  Ford transferred this technology in packaged form to 
Hyundai with explicit information, including blueprints, technical 
specifications, and production manuals. The agreement also provided 
for training Hyundai engineers at Ford sites and dispatching ten Ford 
personnel to Hyundai. This expedited the translation of Ford's explicit  

knowledge into tacit knowledge at Hyundai and to transfer Ford's 
tacit knowiedge 011 procurement planning, procurement coordination, 
production engineering, process engineering, production manage-
ment, welding, painting, marketing, and service to Hyundai. Other 
suppliers also sent engineers to set up equipment and train Hyundai 
technicians 13  The most competent engineers trained by Ford were 
assigned to production and production engineering departments, be-
cause mastering production technology was most critical at the outset. 
In other words, the agreement with Ford enabled Hyundai to further 
upgrade both tacit and explicit knowledge related to auto assernbly, 
moving up along the Y axis (toward higher prior knowledge level) in 
Figure 5=1. 

At the same time, Hyundai constructed a crisis by setting an ambi-
tious goal to accelerate plant construction in an attempt to minimize 
production lead time. Hardworking engineers, technicians, and con-
struction workers lived together in makeshift quarters on the plant 
site, toiling sixteen hours a day, seven days a week. The crisis increased 
strong interactions among the members, intensifying various knowl-
edge conversions spirally at the individual, group, and organization 
levels, moving Hyundai left along the X axis (toward higher intensity 
of efforts) in Figure 5-1, resulting in quadrant 1. Consequently, given 
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high prior knowledge and high intensity of efforts, Hyundai recorded 
the shortest time, six months, between groundbreaking and the first 
commercial production among the 118 Ford assembly plants around 
the world. 

Hyundai also created a crisis for its production staff by setting an 
ambitious goal to acquire production capability in the shortest possible 
time. While plant construction was under way, teams rehearsed opera-
tions by disassembling and reassembling two passenger cars, a bus, and 
a truck over and over to routinize procedures, internalizing transferred 
explicit knowledge (production manuals) into tacit knowledge. At the 
plant's completion, workers had suffident tacit knowledge to assemble 
cars with minimum trial and error. At the outset, technical emphasis 
was largely on mastering production capability to meet Ford's technical 
specifications. Rapid assimilation of production know-how enabled 
assembly process to evolve gradually from SKD to CKD operation. 

Korean Car Development 

In the aftermath of the first oil crisis and structural adjustments toward 
heavy and chemical industries, the govemment radically shifted its 
automobile industry policy from CKD assembly of foreign cars to the 
development of locally designed cars. Policy implementation to de-
velop "Korean" cars was highly centralized by the government, person-
alIy directed by the nation's president at the top with the Ministry of 
Trade and Industry as a coordinating and implementing agency. In 
1973 the government formulated the Automobile Industry Long-term 
Promotion Plan and ordered three passenger car makers—Hyundai, 
Kia, and Daewoo—to submit detailed plans to develop Korean cars. 
The president was briefed regularly on the progress. 

The government plan was very specific. For instance, the indige-
nous model had to be new in the world, with a smaller than 1,500-
cubic-centimeter engine and a local-content ratio of at least 95 percent, 
cost less than $2,000 to produce, and it had to be on the market by 
1975. The government also spedfied a plant production capacity of 
more than 50,000 units per year when Korea produced merely 12,751 
passenger cars annually. The government established seven principles 
to promote native model development and foster industry growth. 
These included, among other things, protection of the local market 
from new entrants and from new foreign knockdown imports, a signifi-
cant tax reduction for locally designed cars, promotion of vertical 
integration leading to new business opportunities, preferential financ-
ing, tax concessions, and an administrative decree to guarantee a large 
market share for the Korean model. 

This plan led to the appearance of two original new vehicles: 
Hyundai's Pony and Kia's Brisa. In response to the government's direc- 
tive and incentives, in 1973 Hyundai submitted its master plan for a 
new plant with a capacity of 80,000 Korean cars, almost sixteen times 
the company's production of 5,426 cars that year, thereby constructing 
another major crisis. This was a major departure from the past strategy 
of merely assembling foreign cars. The plan required the development 
of a highly successful Korean subcompact car and a simultaneous 
drastic increase in both export volume and local market share in order 
to absorb the proposed production capacity. It was, indeed, a major 
crisis for Hyundai engineers. This event resulted in Hyundai's second 
major jump in technological learning. 

Although lacking technological capability, Hyundai decided to ob-
tain foreign technologies from many different sources in unpackaged 
form and integrate them on its own to maintain independence from 
foreign multinationals. Hyundai, however, had a clear goal of rapidly 
assimilating imported foreign technology in the shortest possible time. 
Prior knowledge accumulated from merely assembling largely foreign 
parts and components was inadequate for the new task. As the first 
step to overcoming the deficiency, Hyundai organized a project team 
whose members were to master literature related to various aspects 
of auto design and manufacture, accumulating tacit knowledge con-
verted from explicit literature knowledge to enhance its prior knowl-
edge level. 

Hyundai approached twenty-six firms in five countries for various 
technologies: ten in Japan and Italy for style design, four in Japan and 
the United States for equipment in a stamping shop, five in the United 
Kingdom and Germany for casting and forging plants, two in Japan 
and the United Kingdom for engines, and five in the United Kingdom 
and United States for an integrated parts/components plant. These 
companies provided opportunities for Hyundai engineers to tour not 
only their sites but also those of the leading automobile manufacturing 
plants that had used suppliers' technology, enabling the highly moti-
vated Hyundai engineers to relate the tacit knowledge derived from 
the printed word to physical operations. Through this process they 
gained significant insights unto large-scale, modern automobile manu-
facturing systems. Hyundai then entered a licensing agreement with 
Italdesign for body styling and design and with Mitsubishi for gasoline 
engine, transmission, and rear axle designs and for casting technology. 
Engineers were sent to these suppliers for training. 

How Hyundai assimilated style design technology is informative. 
It selected a team of five design engineers to study literature related 
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to auto styling, then sent them to Italy to participate closely in the 
design process with Italdesign engineers. Hyundai set the team the 
ambitious goal of assimilating al! of Italdesign's styling technology to 
enable them to undertake subsequent designs on their own, which 
the engineers were desperate to achieve. For a year and half, the 
highly motivated team shared an apartment near Italdesign, kept a 
record of what they were leaming during the day, and conducted 
group reviews every evening. Such intensive interaction among the 
team members resulted in a most rapid spiral process of knowledge 
conversions and increased Hyundai's tacit and explicit styling knowl-
edge significantly. These engineers later became the core of the design 
department at Hyundai, and one became the vice president in charge 
of R&D. 

Although many engineers acquired necessary tacit knowledge re-
lated to different technologies, Hyundai did not have experienced 
engineers who could put them together. To minimize trial and error, 
Hyundai hired a former managing director of British Leylaud as its 
vice president and six other British technical experts for the successful 
development of its first original model for three years (1974-1977), 
increasing the firm's prior level of tacit knowledge. These technical 
experts, as the chief engineers of chassis design, body design, develop-
ment and testing, die and tooling, body production, and commercial 
vehicle design departments, played a crucial role in helping Hyundai 
engineers convert explicit knowledge supplied by licenses into tacit 
knowledge and to integrate diverse tacit knowledge into a workable 
system. After the British engineers left, Hyundai employed moon-
lighting Japanese engineers to troubleshoot problems. 

Comparative Analysis 

Although foreign direct investment is regarded as an important chan-
nel for transferring foreign technology to developing countries, this is 
not necessari!y the case. 14  A comparative analysis of technological 
learning process and market performance between independent 
Hyundai and Daewoo, a joint venture with GM—the largest company 
with the largest R&D expenditures in the world—is instructive. Hyun-
dai's approach constitutes a sharp contrast with the Daewoo-GM part-
nership, in which technical assistance was always acquired from the 
parent company. Technology transfer in a package contract or a joint 
venture is apt to lead to a passive attitude on the part of the recipient 
in the learning process, as the performance of the transferred technol- 

ogy is guaranteed by the supplier. In contrast, when a local firm un-
packages technology transfer and independently takes the 
responsibility to organize imported technologies and components from 
multiple sources and to integrate them into a workable mass-produc-
tion system, it does entail a major risk. But this forces and motivates 
local participants to assimi!ate foreign technologies as rapidly as possi-
ble throughout the process, because recipients, not the foreign suppli-
ers, must take the total blame if it fails.' 5  

That is how Hyundai developed its first model Pony with 90 per-
cent local content in 1975, and it quickly improved its quality in sub-
sequent years, making Korea the second nation in Asia with its 
own automobile.'6  As a result, Hyundai's local market share in 
passenger cars increased from 19.2 percent in 1970 to 73.9 percent 
in 1979. Hyundai exported 62,592 cars to Europe, the Middle East, 
and Asia, accounting for 67 percent of Korea's total auto exports in 
1976-1980 and 97 percent of total passenger car exports from Korea 
in 1983-1986. Pony comprised 98 percent of Hyundai's exports during 
these periods. 

In contrast, constrained by GM's global objectives, Daewoo had 
relied solely on GM for technology sourcing, having done relatively 
little in the way of developing its own technological capability and 
even less in developing its own product designs. The investment in 
product and process improvements undertaken by Daewoo between 
1976 and 1981 was only 19 percent as great as those undertaken by 
Hyundai, although its production capacity, on average, was approxi-
mately 70 percent as large. As a result, though their products were 
comparable in engine size and price, Hyundai was operating at 67.3 
percent of capacity compared with 19.5 percent for Daewoo in 1982 
(see Table 5-3). The differential in labor productivity was just as stark; 
8.55 cars per head at Hyundai compared with only 2.61 at Daewoo. 
Consequently, Daewoo had only a 17 percent passenger car market 
share compared with 73 percent for Hyundai, reflecting consumer 
preference. 

Not until 1983, a year after taking over managerial control from 
GM, did Daewoo begin to show marked improvement in product/ 
process development and market performance. Daewoo management 
established a full-fledged R&D department, adopted the Japanese kan-
ban (just-in-time) system, streamlined production, instituted a quality 
control program, and strengthened its marketing drive. Nevertheless, 
conflicts between the partners continued to plague the joint venture, 
giving the smaller Kia a chance to outpace Daewoo. The 1992 divorce 
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Table 5-3 	Basic F'arameters and Performance between Hyundai and 
Daewoo, 1982 

Hyundai Motor Daewoo Motor 

A. Capital (million won) 	 64.4 44.5 

B. Number of workers 	 9,129 5,675 

C. Sales (billion won) 	 116,000 76,000 

D. Production (cars) 	 78,071 14,845 

E. Exports (cars) 	 13,573 114 

Capacity utilization (E/D) 	 67.3 19.5 

Labor productivity (E/B) 	 8.55 2.61 

Capital productivity (E/A) 	 1,212.0 33.6 

Export coefficient (F/E) 	 17.4 0.8 

Market share 	 73.0 13.0 

SOURCE: Adapted from Alice H. Amsden and Linsu Kim, "A Comparative Analysis of Local 
and Transnational Corportations in the Korean Automobile Industry" in Dong-Ki Kim and 
Linsu Kim, eds., Mana,qement behind Industrialization: Readinys in Korean Business (Seoul: 
Korea University Press, 1989), 579-596. 

from GM finaily freed Daewoo to set its own global strategic direction 
and navigate at its own ambitious pace. 

Export-oriented Transformation 

The second energy crisis prompted another change in government 
policy to bring about greater scale economies at the cost of market 
competition, reducing the number of passenger car producers from 
four to two. The government's original rationalization program was 
to have only one Korean passenger car producer by merging the two 
largest companies—Hyundai and the Daewoo-GM joint venture—and 
by suspending production by the other two—Kia and Asia. While the 
latter two ceased passenger car production, the merger between the 
first two did not occur. GM assumed that it would retain half the share 
of all Korean automobile production and use Korea as one of many 
sites for manufacturing "GM world cars" within its global strategy. 
Hyundai, however, insisted that GM be himited to a minority position 
in the merged company, that Hyundai be given independent manage-
ment control, and that Hyundai be allowed to pursue its own global 
strategy in both domestic and export markets. Since those involved 

were unable to resolve their disagreement, the proposed merger was 
aborted. This failure signaled the waning influence of the state, mark-
ing the end of government-directed development and the beginning 
of industry-initiated growth. 

The second oil crisis was also a disaster for the automobile industry. 
Gasoline prices soared, car sales nose-dived, and losses mounted. At 
this juncture Hyundai decided to make a major investment to develop 
the next generation front engine, front wheel drive (FF) car Ln order 
to push it in the North American market, attempting once again to 
turn the crisis into an opportunity.'7  Hyundai's proposed capacity was 
300,000 units per year; at the time Hyundai was producing 57,054 
passenger cars, using only 32 percent of its capacity (150,000 units), 
and Korea was producing a mere 85,693 units per year. Clearly, 
Hyundai was determined to tum the domestic market-oriented 
automobile business into a highly export-oriented one, a goal that 
industry analysts within Korea and abroad dismissed as total non-
sense. But once again Hyundai constructed a major crisis and tumed 
it into an opportunity, achieving its third huge leap in technological 
leaming. 

Hyundai approached several major automakers—Volkswagen, 
Ford, Renault, and Alfa Romeo—for FF technology as a way to diversify 
its technology sources. However, all these companies demanded equity 
and management participation and viewed Hyundai as a local assembly 
subsidiary for their FF cars. Hyundai eventually approached Mitsubishi 
again; in 1981 Mitsubishi had agreed to hicense engine, transaxle, 
chassis, and emission control technology to Hyundai. In return, Hyun-
dai gaye Mitsubishi a 10 percent equity share, but it did not include 
management participation.18 Hyundai not only retained all managerial 
control but reserved the right to imports parts and technology from 
Mitsubishi's competitors and to compete directly in Mitsubishi's own 
markets. Hyundai, however, sourced body styhing from Italdesign and 
constant velocity joint technology from British GKN and Japanese 
NTN.'9  

In addition, Hyundai acquired more foreign technologies from 
various automobile sources than its Korean competitors. Through 1985 
Hyundai signed 54 licenses compared with 22 for Daewoo, 14 for Kia, 
and 9 for Ssangyong. Hyundai's sources inchuded Japan (22), United 
Kingdom (14), United States (5), Italy (5), West Germany (3), and 
others (5), indicating significant diversity. Mitsubishi accounted for 
only half the hicenses from Japan, reflecting Hyundai's independence 
in acquiring technological expertise.2° 
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INNOVATION DRIVE IN THE AUTOMOBILE INDUSTRY 

Although Hyundai was quite successful in pushing the Excel in the 
North American market in the mid- 1980s, it soon faced a technological 
dilemma. Mitsubishi, its major source of important FF technology, and 
other foreign suppliers were unwilling to share their latest technology 
with Hyundai.2 ' But Hyundai lacked the technological proficiency to 
keep up with its competitors in the North American market in improv-
ing car quality. Consequently, like the Japanese car exporters in the 
1970s, Hyundai found its Excel usted at the bottom of Consumer Repc'rts' 
automobile ratings, wbich fataily tarnished its image in the U.S. mar-
ket. This experience prompted Hyundai to develop an extensive 
R8-D network within Korea and abroad to acquire its own technologi-
cal capability. "We didn't know the export market before, but now 
our eyes have been opened," said the president of Hyundai. 

Originally Designed Modeis 

"Korea's automakers take on the world again. The West once scoffed 
at Japan's plans to exports its cars. Now Detroit and other automakers 
may be underestimating this new global challenge too," warned For-
tune magazine in 1995 •22  In 1994, for example, the fiercely independent 
Hyundai unveiled the Accent, the first subcompact it designed—its 
predecessors were based on Mitsubishi designs—which was bench-
marked on the Toyota Tercel for performance and the Chrysler Neon 
for cost.23  The new subcompact has energy-absorbing front and rear 
crumple zones, dual airbags with a state-of-the-art self-diagnostic sens-
ing system, and a four-channel antilock brake system. A big success 
in both the domestic and export markets, it became the best-selling 
car in the domestic market and the unexpected rush of orders from 
abroad resulted in a three-month backlog. How has Hyundai Motor 
Company been transformed from imitative learning by doing to inno-
vative learning by research? 

Hyundai's R&D efforts date back to 1978, when the company 
established a primitive R&D laboratory to design face-lifts of existing 
compacts and subcompacts. Efforts to develop its own capability, how-
ever, began to take shape in 1984, when it opened its Advanced 
Engineering and Research Institute to develop its own engines and 
transmissions. The laboratory also spawned the Passenger Vehicle 
R&D Center for the design of new passenger cars and the Commercial 
Vehicle R&D Center for the development of new buses, trucks, and 

With the experience of developing and manufacturing Pony since 
1976, Hyundai had a sufficient base of prior tacit and explicit knowl-
edge to assimilate FF car design and manufacturing without assistance 
from the foreign engineers. There were, however, three important 
learning aspects at this stage. The first was manufacturing a car to 
meet the most stringent U.S. safety and environmental requirements. 
The second was adopting computer-aided design/computer-aided 
manufacturing (CAD/CAM) and assembly une control systems and 
developing a transfer machine. This led to fuil computerization from 
design to manufacturing and to parts/components handling at Hyun-
dai, laying a critically important foundation for the firm to develop 
cars on its own. The third was the construction of a proving ground, 
completing the necessary infrastructure for its next strategy. 

For the first aspect, Hyundai, in March 1979, organized a project 
team to develop a long-tern plan to computerize design and manufac-
turing. The team collected literature and catalogs on CAD/CAM and 
spent the next fourteen months intemalizing explicit literature into 
tacit knowledge. Based on that knowledge, the team purchased an 
IBM computer system and Toyodenki's plotter and undertook an in-
depth study of Mitsubishi's CAD/CAM system in operation. The team 
was then expanded to include two or three representatives from each 
department that would be affected by the CAD/CAM system, «socializ-
ing the tacit knowledge of the original members to the new members. 
During the next nineteen months the expanded team determined the 
scope of CAD/CAM application and undertook a comprehensive study 
of available alternative software packages. Hyundai selected the Catia 
program developed by French Dasso Aerospace in May 1982, then 
did preparatory work for almost thirty-six months before implement-
ing the system. 

Hyundai completed the FF plant in February 1985, tripling its 
capacity from 150,000 to 450,000 units per year. Its FF Excel passed 
both emission and safety tests in 1986 and began exporting to the 
U.S. market in February 1986. In that year Hyundai sold 168,882 
Exceis in ten months, exceeding its ambitious plan by more than 60 
percent and turning its loss unto profit. In 1987 Hyundai soid 263,610 
more Excels in the United States; Excel became the best-selling import 
car of the year, overtaking Nissan's Centra, Honda's Civic, Subaru's 
DL/GL, and Toyota's Corolla. Hyundai's success in developing and 
exporting a subcompact appears to have prompted GM to source its 
Pontiac LeMans from Daewoo. 
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special vehicles. In addition, it set up the Manufacturing Technology 
Center to design its production system. To augment its in-house 
R&D, Hyundai established joint laboratories with research-oriented 
local universities, one with the Korea Advanced Institute of Science 
and Technology and the other with Pohang University of Science and 
Technology. 

In 1986 Hyundai opened the Hyundai American Technical Center, 
Inc. in Ann Arbor, Michigan, to monitor technological change related 
to the automobile industry and to perform emission testing and the 
Hyundai Styling Studio ni Los Angeles to sense the needs of American 
consumers. Furthermore, Hyundai set up a technical center in Frank-
furt to attempt to monitor technological change ni Europe and design 
and engineer new cars for the European market. Hyundai established 
an R&D center in Japan in 1995 as a step toward entering that country's 
market ni 1997. 

Hyundai's investment in R&D personnel and projects is impressive. 
First, as shown in Table 5-4, the number of research engineers at 
Hyundai has increased, from 197 ni 1975 to 3,890 in 1994, accounting 
for nearly 10 percent of total employrnent. Almost haif of them have 
a postgraduate engineering degree. Second, Hyundai recruited many 
Korean engineers from American universities, some with experience 
at General Motors and Chrysler. For instance, all but a few of the 
thirty-five senior research engineers with Ph.D.'s at its Advanced Engi-
neering and Research Institute were trained in the United States. Third, 
Hyundai also invested heavily in further training for its engineers. The 
number of R&D scientists and engineers sent abroad for purposes 
of short-term training and observation to long-term graduate degree 
programs increased from 74 in 1982 to 351 in 1986. Fourth, its R&D 
investment also increased sharply from W 1.1 billion ($2 2 million) 
in 1975 to W 400 billion ($501.3 million) in 1994. R&D investment 
grew from 1.8 percent of sales in 1982 to 4.4 percent in 1994, almost 
60 percent higher than that of such domestic competitors as Daewoo 
and Kia. 

The development of its alpha engine illustrates how Hyundai strug-
gled to become independent of Mitsubishi, which licensed Hyundai 
to produce its oid engulles but refused to share its state-of-the-art 
modeis. Lacking experience in designing even a carburetor engine, let 
alone an electronicaliy controlled one, Hyundai determined to develop 
a state-of-the-art engine, creating another major crisis in technological 
learning. Despite skepticism that it would end up developing an engine 
comparable only to Mitsubishi's engine of thirty years earlier, in 1984 
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Hyundai organized a task force directed by its executive vice president 
with a vision of developing the most modern engine. But no one on 
the team had any experience in engine design, and no car with an 
electronically controlled engine from which Hyundai engineers could 
learn was availabie locally. 

The task force was divided into severa! groups: (1) research on 
hydrodynamics, thermodynamics, fuel engineering, emission control, 
and lubricatjon; (2) research on kinetics and dynamics related to en-
gine and car design and CAD; (3) research on vibration and noise; (4) 
research on new ceramics; (5) research on electronics and control 
systems; and (6) research on manulacturing control and CAM. More 
than 300 R&D personnel received training overseas before the engulle 
project was officially launched in 1984. The team members collected 
al! available English and Japanese literature about engines and trans-
missions and mastered the contents to raise their tacit knowledge. 
Hyundai then entered into an agreement with British Ricardo Engi-
neering, which provided initial assistance in technical training for 
engine design. Next, Hyundai hired two Korean experts who had 
gained engine development experience with Chrysler and General 
Motors after eaming Ph.D.'s at American universities. In 1985 Hyundai 
hired an experienced engineer from Ricardo for three years.24  

Despite the training and consulting services of Ricardo and the 
three experts, Hyundai engineers repeated trials and errors for fourteen 
months before creating the first prototype. But the engine block broke 
into pieces at its first test. New prototype engines appeared almost 
every week, only to break in testing. No one on the team could figure 
out why the prototypes kept breaking down, casting serious doubts, 
even among Hyundai management, on its capability to develop a 
competitive engine. The team had to scrap eleven more broken proto-
types before one survived the test. There were 288 engine design 
changes, 156 in 1986 alone.25  Ninety-seven test engines were made 
before Hyundai refined its natural aspiration and turbocharger engines; 
53 more engines were produced for durability improvement, 88 more 
for developing a car, 26 more for developing its transmission, and 60 
more for other tests, totaling 324 test engines. In addition, more than 
200 transmissions and 150 test vehicles were created before Hyundai 
perfected them in 1992. 

Despite the doubters, Hyundai's alpha engine outperformed com-
parable Japanese modeis. Hyundai's natural aspiration engine took 
11.1 seconds to reach 100 kilometers per hour compared with 11.3 
seconds by the Honda CRX 3V. Hyundai also outperformed Honda in  

fuel efficiency. Success in developing the alpha engines (1.3 and 1.5 
liters) led to the development of beta engines (1.6, 1.8, and 2 liters), 
making Hyundai completely independent of foreign !icensing in en-
gines for midsize, compact, and subcompact cars. Hyundai's new 1.8 
liter, 16-valve double overhead camshaft engine, for example, takes 
only 9 seconds to reach 100 kilometers per hour, outperforming a 
similar model of Japan's Toyota.26  

Hyundai invested $437 5 million and spent fifty-two months per-
fecting the Accent, its subcompact with the alpha engine. The company 
freed teams of its engineers to come up with the car they would buy 
and gaye them a Cray supercomputer to help incorporate such safety 
features as anti!ock brakes and dual airbags in the snazzy design. We 
have created an eye-catching design that will appeal to the young," said 
a young engineer at Hyundai's engineering center .27 In 1995 Hyundai 
unveiled the Avante, a new compact with the beta engine. These two 
modeis obviated further royalty payments to foreign automakers. 

Hyundai is still behind the high-c!ass Japanese and U.S. manufac-
turers, but the quality gap has definitely narrowed. Its aim is to meet 
Japanese quality but at a more competitive price .28  Nevertheless, Hy-
undai became an important technology exporter, eaming royalties for 
its exports to Thailand, Egypt, Zimbabwe, the Phiippines, Malaysia, 
and elsewhere. For instance, Hyundai received about $900,000 as a 
down payment and a running royalty of $90 per car from a Malaysian 
automaker. 

Innovating and improving car quality by enhanced R&D opera-
tions, Hyundai won several quality accolades overseas. Canada selected 
Elantra as the car of the year in 1992. It also won first place at interna-
tional auto rallies in Australia, Greece, and Malaysia. The National 
Road and Motorjsts Association of Australia selected the Elantra as 
the best car in 1992 and 1993. 

As a result of continual R&D efforts, Hyundai sustained the largest 
domestic market share during the first quarter of 1995, when its Accent 
was the best-selling subcompact, the Avante the best-selling compact, 
the Sonata II the best-selling midsize car, and the Grandeur the best- 
selling fuli-size car in Korea. Hyundai also bounced back in exports, 
particularly in new markets, from 225,393 in 1990 to 392,239 in 
1994. In Australia, for one, Hyundai is the best-selling import car, 
representing 13.8 percent of total imports, beating Mazda's 13.6 per-
cent, Honda's 10.4 percent, and Toyota's 9.7 percent. Hyundai also 
took first place among foreign auto sales in Brazi! and Puerto Rico. 

Beginning with exports of 1,042 Ponys in 1976, Hyundai exported 



124 FROM IMITATION TO INNOVATION IN INDUSTRIES TI-lE AUTOMOBIIE INDUSTRY 125 

one million cars by 1988, another million by 1991, and its third million 
by 1994, accounting for 42 percent of its total production and 68 
percent of Korea's total auto exports.29  

Hyundai increased its output approximately tenfold every decade. 
It had taken Toyota twenty-nine years and Mazda forty-three years 
to produce one million cars;30  it took Hyundai only eighteen.3' Hyundai 
Motor was the thirteenth largest automobile producer in the world 
and the largest in the Third World in 1994, having steadily ascended 
from sixteenth in 1991. Aspiring to place among the global top ten 
by the year 2000, Hyundai is expanding its manufacturing capacity, 
adding another 400,000 cars per year in 1996 to its previous volume 
of 1.26 million. 

Hyundai is spending more than $5 billion on R&D from 1995 to 
2000 in a bid for a breakthrough in environmentally friendly cars, 
lifting its R&D outlay from 4.4 percent of sales in 1994 to 7 percent 
by 2000. The proportion of RETD funds devoted to environmentally 
friendly vehicles will rise from 40 percent to more than 60 percent. 
Hyundai is working on two alternatives__electrjc-and solar-powered 
vehicles. It began to concentrate on electric cars in 1991 and more 
recently entered hito a cooperative agreement with the U.S. Ovonic 
Battery, which produces a nickel-metal hydrogen battery. The research 
with Ovonic was expected to provide a key to conm-iercial production 
of electric cars by the end 1996, within twelve months of new U.S. 
vehicle emission restrictions. In other words, Hyundai is still deter-
mined to become a player in the United States, the world's largest car 
market.32 

Sequence of Product Development 

Figure 5-2 and Table 5-5 summarize the foregoing discussions, illustrat-
ing how Hyundai sequenced product development and accumulated 
technological capability. Figure 5-2 shows that Hyundai first acquired 
production experience in the assembly of foreign compact and large 
modeis for the eight years from 1968 to 1976 before it attempted to 
develop its own model. Inexperienced Hyundai had to enter into 
technical assistance agreements with many foreign suppliers. As new 
vehicle development sequenced from subcompact to compact to 
medium-size and large cars, the number of years between them de-
creased steadily. It took seven years (1976-1983) between subcompact 
and compact, five years (1983-1988) between compact and medium-
size, and four years (1988-1992) between medium and large cars. 
Hyundai's completely native model also sequenced from subcompact 

Figure 5-2 	New Product Development at Hyundai 

1967 	69 71 	73 75 77 79 81 	83 85 87 89 91 	93 95 

SLJBCOMF'ACT 
Pony 	 761 	 189 
Excel 	 851 	 195 
Scoupe 	 901 	195 
Accent 	 94 

COMPACT 
Cortina 	671 	 76 
Mark IV 	 77 No 80 
Mark y 	 80 	83 
StelIa 	 831 
Elantra 	 901 
Avante 	 95 

MEDIUM 
Sonata 	 881 	192 
Sonata II 	 931 
Marcia 	 951  

LARGE 
Ford 20M 	69 	73 
Granada 	 78h:j 85 
Grandeur 	 86 	91 
New Grandeur 	 921 

Assembly of foreign model 
1 	Indigenous model with foreign licenses 

Completely indigenous model 

SOURCE: Based on Young-suk Hyun, "The Road to SeIf-reliance: New F'rodud Development 
al Hyundai Motor Company," paper presented al the International Motor Vehicle Program 
Annual Sponsors Meeting Toronto, June 4-7, 1995, Table 4. 
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Table 5-5 	lncreasing LocaIiation of Technology for Indigenous 

Modeis 

Vear 	 Body 	Power 	Chasis 

Developed 	Styling 	Design 	Train 	Layout 	Total 

Subcompact 

Pony 	 75 	 1 	1 	1 	1 	4 

Excel 	 85 	 1 	3 	1 	2 	7 

Scoupe 	90 	 3 	3 	3 	2 	11 

Accent 	 94 	 3 	3 	3 	3 	12 

Compact 

StelIa 	 83 	 1 	3 	1 	2 	7 

Elantra 	 90 	 3 	3 	1 	2 	9 

Avante 	 95 	 3 	3 	3 	3 	12 

Medium-size 

Sonata 	 88 	 3 	3 	1 	2 	9 

Sonata 11 	93 	 3 	3 	1 	2 	9 

Marcia 	 95 	 3 	3 	2 	3 	11 

SOURCE: Based on Gyun Kim, "A Study of the Development of Technological Capability of 
Korea in the 1980s," Ph.D. diss., Department of Economics, Seoul National Universit 	1994, 
and Young-Suk Hyun, "The Road to Self-reliance: New Produd Development at Hyundai 
Motor Company," paper presented at the International Motor Vehicle Program Annual 
Sponsors Meetinp, Toronto, June 4-7, 1995. 

NOTES: 1 = Under licensing. 
2 = Improved based on licensed technology. 
3 = Completely indigenous. 

(1994) to compact (1995), requiring a single year. It is logical for an 
inexperienced company in a catching-up country to begin with a 
subcompact model, as its competitive edge rests more on price than 
quality in comparison with larger modeis. 

Table 5-5 provides a more detailed picture of technological learning 
at Hyundai over the years. Hyundai developed the Pony in 1975 
under foreign technical assistance with the localization score (degree 
of indigenous inputs in car design) of four. It then designed the body 
for Excel and improved its chassis layout on the basis of imported 
technology with a localization score of seven, showing a significant 
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stride in technological learning. The score increased to eleven for 
Scoupe and twelve for Accent. A similar trend is also apparent in 
compact and medium-size models. It is interesting to note that the 
starting score was seven forcompact and fine for medium-size modeis, 
proving that experience accumulated in one model provided a platform 
for a subsequent model and so on up the line. 

SUMMARY 

Despite skepticism that Korean automakers would survive the global 
shakeout of the 1990s, Korean chaebols have enjoyed phenomenal 
growth in the past three decades to comprise the fifth largest producer 
in the world. Unlike that of other developing countries, their increase 
was initiated and driven largely by local firms. Hyundai illustrates how 
Korean firms expedited technological learning in a short time. 

Hyundai has been the most vibrant in technological learning 
among automobile companies in catching-up countries, having trans-
formed itself from a mere assembler of Ford cars to a designer of its 
own cars and engines. Assembly technology from Ford in 1967 and 
various other technologies imported from sundry sources to produce 
Pony in the mid-1970s were mature and at the specific stage in ad-
vanced countries. Assimilating and improving these technologies 
through learning by doing enabled Hyundai to challenge more ad-
vanced technologies related to front engine, front wheel drive cars. 
Core technologies were again imported from advanced countries. Mas-
tering the FF technologies provided a platform for Hyundai to develop 
state-of-the-art engines. In other words, Hyundai reversed the se-
quence of technological trajectory in advanced countries. 

Many institutions played an important role in Hyundai's rapid 
progress. Hyundai Construction, existing auto producers, and military 
vehicle renovation depots provided crucial tacit knowledge at the 
outset. British Leyland engineers played a significant role in integrating 
technologies imported from various sources and expediting technolog-
ical learning. Foreign suppliers such as Ford, Italdesign, MitsubUShi, 
and Ricardo Engineering provided important technologies at critical 
points. Crisis construction and hardworking Korean engineerS and 
production workers enabled Hyundai to acquire, assimilate, and im-
prove imported technologies. 

Unlike firms in other developing countries, Hyundai pursued an 
independent strategy in fostering technological capability. Its process 
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of advancing from one stage to the next through the preparation 
for, and the acquisition, assimjlatjon, and improvement of foreign 
technology appears to be spiral. Both the acquisition of prior knowl-
edge and intensity of effort played a major role in expediting technolog-
ical leaming. 

First, in catching-up firms, relevant knowledge is available else-
where in various forms. The acquisition of prior knowledge through 
literature review and poaching of experienced personnel may be effec-
tive ways of identifying and acquiring technology and fadlitating learn-
ing in the subsequent phases. The mobility of trained personnel has 
been a major source of new tacit knowledge at Korean firms and of 
technology diffusion in many Korean industries. Like the Japanese, 
Korean firms implicitly guarantee lifetime employment. But unlike 
the Japanese, Korean workers enjoy great freedom to hop from one 
firm to another as opportunities open in industrial expansion. As a 
result, the average monthly tumover rate of Korean manufacturing 
firms is more than 5 percent, even higher than the 4 percent of the 
United States and more than double that of Japan.33  Such high mobility 
resulted in the rapid diffusion of technology within and across the 
industry in Korea. 

Second, crisis construction was a major means of opportunistic 
learning and a valuable facilitator of technological transformation at 
Hyundai and other Korean firms. Crises preempted opposition to 
change and served as an antidote to inertia, enabling the company to 
marshal consensus on goals. Crises also boosted the intensity of efforts, 
rendering them creative rather than destructive. The construction and 
resolution of crises are characteristically grounded in a prophetic, sin-
gle-minded vision of a proactive manager's creative thinking. That is, 
crisis construction is an evocative and galvanizing device in the per-
sonal repertoires of visionary top managers. 34  An entrepreneurial 
tycoon of family-owned Korean chaebois might enjoy a more advanta-
geous position than employed managers in constructing and resolving 
crises. 

As a result, Hyundai was able to maintain its position in quadrants 
1 and 3 in Figure 5-1, rapidly learning to catch up with leading auto -
makers in advanced countries. After four majorjumps in technological 
learning, Hyundai is in a position to generate new knowledge in order 
to survive not only in the international market but also in the domestic 
market, which will open to Japanese producers in the near future. 
Hyundai is doubling its production capacity to ascend to tenth largest 
automaker in the world by the year 2000, and it planned to increase  

its R&D investment from 4.4 percent of sales in 1994 to 7 percent in 
1995 and beyond. As long as Hyundai manages to construct and resolve 
crises (intensifying efforts) and increase its R&D investment (raising 
knowledge level) in the future, it will remain a contending Korean 
automobile producer. 



The Electronics Industry: From 
Reverse Engineering to Strategic 
Alliance 

Its electronics industry surged so rapidly in one generation that Korea 
became the fourth largest producer in the world in 1994, after the 
United States, Japan, and Germany' and the second largest producer 
of consumer electronic products since 1990, after Japan .2 Unlike that 
of other developing countries, such growth has been largely driven 
by Korean chaebois and other local firms rather than by multiriational 
subsidiaries or joint ventures.3  

Although small-scale assembly of vacuum tube AM radios for the 
domestic market started in 1958, the Korean electronics industry really 
got its start in the mid-1960s with the production of black and white 
TV sets and audio equipment through the international transfer of 
production technology. Since then, Korea's production, excluding 
parts and components, has grown remarkably, from $47 million in 
1970 to $22.5 billion in 1994, as showri in Table 6-1. The consumer 
electronics industry has been heavily export oriented, foreign ship-
ments accounting for 73 percent of production in 1975, 75 percent in 
1981, and 53 percent in 1991. 

The industry is highly concentrated. Although small and medium-
size firms have mushroomed, four chaebols—LG,4  Samsung, Daewoo, 
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Table 6-1 	Growth of the Electronics Industry 
(in millions of dollars) 

1968 1970 1975 1980 1985 1990 1994 

Production 

Consumer products 12.9 30.4 270.0 1,148 2,669 10.141 12,621 

Industrial products 6.7 17.4 93.6 364 1,518 6,345 9,892 

Total 19.6 47.8 363.6 1,512 4,187 16,486 22,513 

Exporis 

Consumer products 0.1 9.0 198.3 1,020 1,752 5,727 7,319 

Industrial products 3.6 0.4 35.8 169 783 3,481 5,807 

Total 3.7 9.4 234.1 1,189 2,535 9,208 13,126 

SOURCE: Korea Development Bank, ¡(orean Industry in the World; 1994 (Seoul: Korea Devel-
opment Bank, 1994). 

and Hyundai-have dominated production and exports. The oligopo-
listic market structure led to significant competition among them. LG 
Electronics (brand name GoldStar) is the pioneer of Korea's electronics 
industry and a pillar of the LG chaebol. It produces more than 150 
items, ranging from home appliances to minicomputers, with fine 
overseas manufacturing bases, 62 marketing subsidiaries, 5 R&D out-
posts around the world, and is stil expanding its overseas operation 
rapidly. It soid $6.4 billion and exported $3.6 billion (50 percent) in 
1994. 

Samsung joined the industry in 1969, eleven years after LG. In-
vesting heavily in technology and human resource development, it 
became a multibillion- dollar, Korea-based multinational electronics 
firm with 8 production bases, 43 marketing subsidiaries, 9 R&D out-
posts, and 2 service firms around the world. Sales totaled $ 14.6 billion 
and exports $10 billion (68 percent) in 1994. Among all firms in 
developing countries, Samsung is considered the most technologically 
aggressive with the largest pool of engineers. If its semiconductor and 
telecommunication businesses are exciuded, it competes neck and 
neck with LG. 

Daewoo entered the industry in 1983 by acquiring the dwindling 
Electronics Division of Taehan Electric Wire Company.5  Alter the take- 

over, Daewoo Electronics, with an aggressive globalization strategy, 
grew rapidly from $1 billion in 1986 to $3.2 billion in 1994. With 23 
production bases, 26 marketing subsidiaries, and 3 research outposts 
overseas, Daewoo is the most enterprising of the chaebois in exploring 
emerging markets. 

Hyundai Electronics, the youngest and smallest of the four elec-
tronics industry chaebois does not produce consumer electronics. In-
cluding its semiconductor and telecommunication businesses, it had 
sales of $2.59 billion and exported $1.89 billion (72.9 percent) in 
1994. Hyundai, the most active in acquiring high-tech companies 
in advanced countries in an attempt to gain access to cutting-edge 
technology, has 8 overseas subsidiaries and 5 joint ventures around 
the world. How has the industry thrived so rapidly in one generation? 

IMITATION DRIVE IN THE EIECTRONICS INDUSTRY 

The state played a crucial role in the rapid growth of this industry, 
particularly during the early years. The government's import-substitu-
tion policy and tight control of foreign investment and contraband 
goods in the black market created attractive business opportunities for 
local entrepreneurs to enter the protected market in the early 1960s. 
However, growth was slow until late 1969, when the government 
designated electronics a strategic export industry. 

The govemment promulgated the Electronics Industry Promotion 
Act in 1969 and released an ambitious Long-term Electronics Industry 
Promotion Plan;6  it created the Electronic Industry Promotion Fund, 
offering preferential financing to foster scale economies in production 
as well as grants to develop and upgrade public support systems for 
standardization and R&D. The government also targeted ninety-five 
products for promotion, offering preferential financing and other in-
centives to their manufacturers. Yearly production targets were estab-
lished. Progressive local content requirements were set to promote 
the parts and components industry. End products for the local market 
were completely protected from foreign competitors. Foreign invest-
ment was allowed largely in the production of parts and components 
and for re-export, and the government created an industrial estate for 
electronics to give rise to interfirm efficiency. 

The plan included the government's determination to promote the 
electronics industry as a leading exporter. In 1969, when the industry 



was still exporting a mere $42 million, the government set the goal 
at $400 million for 1976, the last year of the plan. Preferential financ-
ing, tax concessions, foreign loan guarantees, and the control of entry 
by new firms formed the crux of the export drive. That is, the govern-
ment not only set specific export goals and directives, forcing local 
firms to be competitive in both price and quality in the international 
market, it also provided incentives. This scheme induced a crisis, com-
pelling local firms to acquire technological capability quickly while 
providing supports to make the crisis creative rather than destructive. 
Sirice marketing was largely in the hands of buyers from foreign origi-
nal equipment manufacturers, local firms concentrated mainly on the 
acquisition of product design and production capabilities. In 1976, 
exports exceeded $1 billion, almost 259 percent of the established 
target, illustrating the extent of rapid learning in production and prod-
uct design accomplished by the industry. 

The government also took the initiative in organizing a yearly 
electronics show in an attempt to promote the diffusion of technical 
ideas in the economy and international marketing for Korean firms. 
In short, while the government played an important role in all strategic 
industries, its role in the electronics industry was extraordinary in the 
early years. Under this public policy environment, electronics firms 
have grown rapidly as a highly export-oriented industry. 

Korea's first consumer electronics producer, LG Electronics, was 
begun in 1958 by the owner of a smalL rudimentary face cream and 
plastic housewares company, which sensed an attractive business op-
portunity in the import-substitution policy. Lacking technological ca-
pability, the company hired an experienced German engineer to 
upgrade its tacit knowledge base. At about the same time, the company 
president embarked on an observation tour of several leading electron-
ics firms in Japan, Europe, and the United States. The vision he formed 
from it and the German engineer led to LG's first business. In a small-
scale garage operation, foreign components and parts were assembled 
into the first vacuum tube AM radio in the country through imitative 
reverse-engineering of a Japanese model.7  The German played a key 
role in ordering the necessary equipment to set up the production 
system and training Korean technicians and assembly line workers. 
The tacit knowledge transferred from the German engineer to his 
Korean counterparts began to build technological capability at the 
organizational level. Assimilating the product design and assembly 
operation was so simple that relatively well-educated Korean engi- 

neers acquired enough tacit knowledge to replace the German within 
a year.8  LG Electronics soon developed expertise in imitation and began 
producing such other home appliances as electric fans and refrigerators 
without foreign assistance. 

Television Sets 

LG Electronics imported several black and white television receivers 
to decide whether TVs could also be imitatively reverse engineered. 
Although LG had accumulated radio design and production experience 
for several years, it was beyond the firm's capability to reverse engineer 
TVs main!y because of the significantly large number of parts/compo-
nents required and TV's greater technological complexity. Thus, in 
1965 LG found it necessary to enter into a licensing agreement with 
Hitachi of Japan to import packaged technology for black and white 
TV production. The agreement included not only assembly processes 
but also product spedfications, production know-how, parts/compo-
nents, training, and technical experts, transferring a significant volume 
of explicit and tacit knowledge to LG Electronics, which sent seven 
experienced engineers and technicians to Hitachi for intensive training. 
This group was given the important task of assimilating and mastering 
TV production technology. Renting an apartment together, the engi-
neers held group sessions every evening, reviewing and sharing the 
literature they had collected, their observations, and their training, 
facilitating rapid learning by the team; they played a pivotal role on 
their return home. 

Even though it invested enough for licensing and overseas training, 
LG decided to have Japanese engineers supervise the installation and 
start-up of TV production systems to minimize trial-and-error time. 
These people played the most vital role in the initial implementation 
of transferred Japanese technologies by transferring their tacit knowl-
edge to LG engineers and helping them internalize explicit knowledge 
such as production/quality control manuals and technical specifica-
tions. But the utility of the Japanese diminished within a year as 
the local Hitachi-trained technical personnel acquired enough tacit 
knowledge through production and design experience. 

LG Electronics was able to apply the manufacturing competence 
accumulated over the years to subsequent assembly of other consumer 
electronics, such as cassette recorders and simple audio systems, with-
out foreign assistance. The rapid assimi!ation of imported technologies 
and their application to other products may be attributed largely to 
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the founder's entrepreneurial strategy oí acquiring technological inde-
pendence and fostering high intensity in learning efforts by relatively 
well-educated native technical personnel. 

Three other TV set producers that started at about the same time 
acquired and assimilated production ability the same way. Subsequent 
entrants—ten by 1 975—however, lured experienced engineers and 
technicians from existing firms, resulting in effective diffusion oí tacit 
knowledge from established firms to new ones. LG Electronics, as the 
first and largest producer, was a major source oí such personnel for 
new entrants. A similar pattern is evident in other electronic products 
oí the same period.9  

When black and white television sets eventually encountered a 
rapid decline in the export market, the color TV set became the next 
target appliance to sustain inaeasing exports. For black and white 
TYs, the Korean companies had moved up the production learning 
curve on the strength oí the protected local market prior to competing 
in export markets. Color TV producers would, however, have to export 
from the start, because Korean channeis did not broadcast in color. 

No foreign color TV maker was willing to license technology to 
Korean makers to help them invade the U.S. market anew. LG Elec-
tronics and two other major firms jointly entered unto a research 
contract with the Korea Institute oí Science and Technology (KIIST), 
a government R&D institute (GRI), to gain enough knowledge and 
experience in color TV technology. Experience gained from black and 
white receivers and learning from the joint research enabled local 
firms to strengthen their bargaining power in licensing core patents 
held by RCA in 1974. The R&D team worked around the clock for two 
years, searching and mastering foreign literature, reverse engineering 
foreign color TVs. Alter a series oí trials and errors, LG developed a 
working model oí its own color television set. It took another year to 
set up a mass-production system. 

Microwave Ovens 

The videocassette recorder and the microwave oven were next targeted 
for development. Both products went through a similar process. Sam-
sung's approach to developing and commercializing microwave ovens 
illustrates how Korea acquired the necessary technological proficiency 
initially through reverse engineering and subsequently dominated the 
world market. 

Intrigued by a new oven heated by microwaves, Samsung ap-
proached several Japanese and U.S. producers to license the technol- 

ogy. Turned down by them, Samsung, on the basis oí its consumer 
electronics experience, formed a team in 1976 to design its own micro-
wave oven by reverse engineering a foreign model for export markets, 
as few Koreans could afford it. Ira Magaziner and Mark Patinkin 
recount how Samsung reverse-engineered the oven and became one 
oí the world's leading producers.'° 

Samsung had purchased a number oí the world's top microwave 
ovens to choose the best parIs oí each for its prototype, which provided 
invaluable explicit knowledge to the firm. The team took the ovens 
apart, but its tacit knowledge was inadequate to figure out how they 
worked. Wiring and assembly oí the case appeared simple, but many 
complex parts, including the magnetron tubes that generated the mi-
crowaves, were beyond Samsung's tacit knowledge. With only three 
magnetron producers, two in Japan and one in the United States, 
Samsung decided to source magnetron tubes from Japan. 

It took the team a year oí eighty-hour weeks to complete the first 
prototype, but the plastic in the cavity melted in a test. Alter more 
eighty-hour weeks oí redesigning and readjusting, the second could 
not survive a test; this time the stir shaft melted. Finally, in June 1978, 
after two years, the team developed a model that survived the test; 
but it was too crude to compete in the world market. Samsung incre-
mentally improved the product and developed a makeshift production 
line, producing one oven a day, then two, which it placed in local 
bakeries for feedback from users. The successful development oí micro-
wave ovens strengthened the bargaining power oí Samsung to negoti-
ate technology licensing with patent holders enabling it to acquire the 
necessary licenses to clear its way to the export market. 

This was a common experience in Korea. When foreign firms 
were reluctant to transfer technology to emerging Korean competitors, 
Korean firms reverse engineered the technology. It was only after 
these firms successfully commercialized the product that foreign firms 
reluctantly licensed technology to them. It is useful at this point to 
differentiate the reverse engineering oí mature, simple products in the 
early years from the advanced reverse engineering oí sophisticated 
products to obtain licenses for valid patents. In this case, the purpose 
oí licensing was not to learn technology but to paye the way intO the 
export market. 

Samsung decided to try its sales push in 1979, when it obtained 
Underwriter's Laboratory approval and produced more than 1,000 
microwave ovens; in excess oí 5 million were then being sold world-
wide. In April 1980, the first order, for 240 ovens, carne from Panama. 



Samsung also sent 1,655 units to the United States and 3,230 to the 
United Kingdom to test their markets, taking the opportunity to iearn 
the needs of overseas consumers." 

Samsung's lucky break carne in late 1980, when J. C. Penney 
inquired whether Samsung could manufacture a low-priced micro- 
wave oven to seil for $299 in the U.S. market; the ovens were then 
selling for $350 to $400. Although the order entailed a completely 
new design and heavy losses, Samsung accepted it to gain a foothold 
in the most sophisticated market in the world and to turn a primitive 
assembly une into an efficient large-scale system. Penney extended 
techriical assistance to the Samsung team to ensure that its ovens 
would meet Penney's technical specifications. 

Turning a primitive assembly lime for five or six ovens a day into 
an efficient production system to meet the first Penney delivery date, 
only months away, was a major crisis for Samsung. Engineers and 
technicians labored around the clock; they began at dawn, worked 
until 10:30 P.M., took a brief nap, then went back to work for the rest 
of the night. The une took shape and production began, but debugging 
was inevitably necessary. Because the company couldn't afford to lose 
production, the personnel manufactured by day and fine-tuned the 
une at night. Production improved to ten ovens a day, then fifteen. 
Soon they were making 1,500 a month, enough to meet Penney's first 
order. Penney liked the ovens and a month later asked for another 
5,000 and another 7,000 the following month. Again Samsung worked 
around the clock to meet the deadlines. Rapid growth in production 
accelerated learning by doing at Samsung. 

Samsung's cost advantage, however, had been eroded by large 
producers, whose process innovations brought their prices down. To 
bring its cost down, Samsung had to develop its own magnetron tube, 
which it still sourced from Japan. Sarnsung approached two Japanese 
producers for tecimical licensing but was turned down. Then, in 1982, 
Sarnsung bought and transplanted to Korea the only U.S. factory that 
produced magnetron tubes, which was going out of business because 
it could not compete against Japan. Sarnsung invested heavily in im-
proving productivity by automating its production processes, enabling 
it to sustain its price cOmpetitiveness. 

Samsung's rapid assimilation of design and production technology 
of microwave ovens stemmed largely from the way its engineers and 
technicians worked. When General Electric (GE) decided to outsource 
its microwave ovens, the head marketing manager for Appliances 
asked Samsung managers for a proposal on cost breakdowns, produc- 

tion plans, and a delivery schedule. The next morning, 'a group of 
engineers carne in and they gaye us their proposal. Their hair was 
rnessed up, their eyes bloodshot. Those guys had worked all night." 
Samsung engineers completed overnight a proposal that would have 
taken U.S. companies four to six weeks to develop.12 GE sent its engi-
neers to Korea to outline its technical specifications. Wehl-trained Ko-
rean engineers with enough tacit knowledge and high intensity of 
effort took advantage of the opportunity to absorb world-class skills 
from thern. 

It was my first glimpse of Samsung since 1977 . . . 1 went to 
the R&D lab. It had gone from an oid high-school science room to a 
large, modem operation. Instead of a handful of engineers, there were 
500. Everything Samsung had said in 1977 that it would do, it had 
done," reported Magaziner and Patinkin.13  Since then, Samsung's R& 
D projects have led to seventy-four local patents and six overseas 
patents related to microwave oven technology, enabling Samsung to 
becorne one of the most dynarnic microwave oven makers in the 
world. Samsung's production rose more than a hundredfold in two 
years, from 1,283 in 1979 to 137,931 in 1981, almost tripled the 
foliowing year, then doubled again in 1983. In 1984, only five years 
after its first crude, imitative prototype, Samsung's microwave produc-
tion topped 1.3 million units. By 1994 Samsung was producing 4 
million ovens in Korea and 0.8 million more abroad per year, control-
ling 17 percent of the global market. The world's second largest pro-
ducer, Sarnsung trails only Sharp of Japan by a srnall rnargin. More 
than 95 percent of Samsung's production is exported. 

Sarnsung's success in developing the microwave oven prornpted 
LG and Daewoo Electronics to fohlow. LG first approached Sharp for 
technology transfer only to be turned down. In 1980, four years after 
Samsung's entry, LG Electronics organized a task force to develop a 
microwave oven. The late emtrants stole experienced engineers and 
techniciams from Sarnsung, bringing about effective diffusion of oven 
technology to the rest of the Koream electronics industry. It took two 
years for pioneering Samsung to develop its successful prototype, but 
it took LG only eight months to come up with a successful model, 
as the Sarnsung engineers provided a piatform. LG Electronics then 
acquired the necessary licenses to export the product. Samsung mag- 
netron technology even helped LG to license the magnetron tube 
technology from Hitachi, which had previously refused to license it 
to Samsung. Now LG produces as mamy microwave ovens as Samsung. 
Expamsiori under way in overseas production increased the three chae- 
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bois' capacity to 5 million units each and Korean firms surpassed Japan 
to become the largest microwave oven producer in the world in 1996. 

INNOVATION DRIVE IN THE EL[CTRONICS INDUSTRY 

The government played a useful role in creating a demand for techno-
logical innovation in recent decades. For instance, the import-substitu-
tion policy created a growing market for the computer industry in the 
early 1980S.  14  The government imposed import restrictions on personal 
computers (PCs) and peripherals, creating a protected market for small 
local firms to enter and survive long enough to gain first-stage learning 
experience in PC manufacturing. The market was later liberalized in 
1987 under pressure from the United States. 

ui addition, the government issued its own procurement orders 
to create an early domestic market, announcing in 1982 that it in-
tended to purchase 5,000 PCs for public schools in 1983 and increasing 
the numbers thereafter. The government then created the National 
Administration Information System (NAIS), investing $170 million by 
1988 and $555 million by 1995 and creating demand for more than 
80 main computers and about 5,000 workstations. In addition, the 
government launched computerization of the postal system, the tax 
system, the national defense system, and the education-research net-
work system, each of which required as much investment in both 
hardware and software as the NAIS. In procuring merchandise, the 
government first set technical specifications and targets for the local 
content ratio, then awarded contracts to the firms that met the requi-
sites. These announcements attracted many newcomers to the industry 
and induced aggressive investment for in-house R&D to meet the 
government requirements. 

The government also played a significant role in the supply side of 
technology, establishing several GRIs. The Korea Institute of Electronic 
Technology (KIET) was set up several years prior to the private sector's 
entry into computers and semiconductors in an attempt to gain first-
stage experience in R&D on new technologies and to produce exp-
erienced researchers. KIET, which invested more than $300 million 
between 1980 and 1984, was soid to a private firm when the private 
sector had matured sufficiently to undertake the type of design work 
for which that institution was previously responsible. KIST played a 
pioneering role by developing prototypes of computers, robotics, and 
computer-aided design/computer-aided rnanufacturing. The Electron- 

ics and Telecommunications Research Institute played a coordinating 
role in a consortium with many local firms in developing computers, 
electronic switching systems, and semiconductor memory chips. 

Intensifying R&D Efforts 

Given the policy environment and increasingly dynamic market, Ko-
rean electronics firms have drastically expanded in-honse R&D ven-
tures, establishing several laboratories. LG Electronics, for example, 
developed an extensive R&D network, shown in Figure 6-1. It also 
established ten independent RErD centers, six product-specific R&D 
centers, and five overseas RETD centers. Samsung, Daewoo, and Hyun-
dai Electronics also instituted extensive R&D networks at each strategic 
business unit in Korea. In addition, Samsung and Daewoo developed 
an Institute of Advanced Engineering to focus on long-term R&D 
projects, which set new directions for these companies. LG's Central 
Laboratory performs a similar function. 

Chaebol electronics firms also initiated R&D networks with leading 
universities by pladng their R&D laboratories on campuses in an at-
tempt to augment their in-house R&D projects. With full funding from 
chaebois, Seoul National, Korea, Yonsei, and Hanyang Universities, 
and Korea Advanced Institute of Science andTechnology (KAIST), have 
constructed large-scale laboratories to be occupied jointly by university 
and corporate personnel, marking a tuming point in university-indus-
try collaboration. LG Electronics, for example, developed a joint R& 
D laboratory at KAIST, a research-oriented graduate school of applied 
science, to develop digital measurement, factory automation, a manu-
facturing information system, and precision fabrication. 

The dynamic growth of R&D at Samsung may be seen in Table 
6-2. At Samsung Electronics, R&D spending increased drastically from 
W 5.6 billion ($8.5 million) in 1980 to W 713.3 billion ($905 million) 
in 1994. Investment has grown much faster than sales, raising its ratio 
to total sales from 2.1 percent to 6.2 percent during the same period. 
Consequently, Samsung Electronics has led Korean industries in R&D 
spending and patent registration. Its patent registrations rose from 17 
in 1985 to 1,413 by 1994. Its foreign patent registrations also rose from 
2 to 752 in the same period. The number of researchers grew from 690 
in 1980 to 8,919 by 1994. The growth rates at other electronics firms are 
similar. Most leading research scientists and engineers were trained in 
the United States, Germany, and Japan, sorne bringing with them exten-
sive experience in leading foreign electronics R&D laboratories. 

Globalization of R&D rapidly expanded the boundaries of R&D 
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Table 6-2 	R&D Activities at Samsung Electronics 

1975 1980 1985 1990 1994 

Total sales ÇIN 100 million) 244 2,513 12,985 44,523 115,181 

R&D investment (W 100 million) NA 56 388 1,862 7,133 

R&D/total sales (percentage) NA 2.1 3.0 42 6.2 

R&D personnel NA 690 1,821 6,686 8,919 

Local patent applications NA 18 309 1,732 2,802 

Local patents granted 0 4 17 640 1,413 

Foreign patent applications 0 0 32 1,145 1,478 

Foreign patents granted 0 0 2 128 752 

SOURCE: Samsung Electronics Company. 

endeavors in the Korean firms. LG Electronics, for one, has developed 
a network oí R&D laboratories in Tokyo, Sunnyvale, California, Chic-
ago, Germany, and Ireland. These facilities monitor technological 
change at the frontier, seek opportunities to develop strategic alliances 
with local firms, and develop state-of-the-art products through ad-
vanced R&D. LG Technology in Sunnyvale, for example, plays a pivotal 
role in designing the latest personal computers, display terminals, and 
high-resolution monitors, while the LG North American Laboratory 
in Chicago concentrates on high-definition TV digital VCR, and tele-
communication equipment. Samsung, Daewoo, and Hyundai Elec-
tronics have developed shnilarly extensive R&D branches. Samsung 
has R&D operations in San Jose, Maryland, Boston, Tokyo, Osaka, 
Senda¡, Japan, London, Frankfurt, and Moscow; Daewoo has two 
in France and one in Russia; Hyundai has laboratories in San Jose, 
Frankfurt, Singapore, and Taipei. 

Korean firms also globalize R€TD through mergers and acquisitions. 
Hyundai has been the most aggressive at acquiring equity stakes in 
foreign firms as a way to gain access to cutting-edge technologies. In 
California, it acquired, among others, full ownership oí Axil Computer, 
Santa Clara, for computer development; significant stakes in Laserbyte 
Corp., Sunnyvale, to gain access to magneto-optical disk drive technol-
ogy; in Metaflow, La Jolla, to develop the SPARC compatible micropro-
cessor; in Image Quest, San Jose, to develop thin film transistor- liquid 
crystal displays or fiat panel displays; and in Maxtor, San Jose, to 
develop hard disk drive. 
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In 1995 Samsung Electronics acquired the controlling share (40.25 
percent) of AST Research, one of the largest U.S. PC makers, for $378 
million, placing Samsung among the five largest PC makers in the 
world. The acquisition gives Samsung access to more than 190 AST 
patents and its strategic alliance with IBM, Apple, and Compaq. Sam-
sung also obtained a majority interest in Union Optical (Japan) and 
Rollei (Germany) to enhance its competitiveness in camera and optical 
equipment making. 

In addition, Korean firms consider Russia an attractive alternative 
source for new technology, for Russian researchers have some world-
class technologies. Samsung unveiled a prototype digital video disk 
recorder. The high-powered microchip laser technology required to 
make it was transferred from a leading Russian laboratory, the A. F. 
Ioffe Physko-Technical Institute in St. Petersburg. Other Samsung 
subsidiaries have signed contracts to import Russian technologies)5  

Moonlighting Japanese engineers have been another valuable 
source of new knowledge. The chaebois invite Japanese retirees to 
visit their R&D and production facilities to solve specific engineering 
problems. This is a common practice in smaller companies in many 
industries as well.16  

Fiat Panel Display Development 

The development of fiat panel display (FPD) illustrates how Korean 
firms strive to emerge as innovators in the world market. Their move 
into this industry in the 1990s resembles the development of the 
semiconductor memory chip industry in the 1980s. When Korean 
firms made the strategic choice to invest in memory chips, Japanese 
firms dominated the burgeoning semiconductor market. In ten years, 
Korean firms, led by Samsung, were able to capitalize on soaring global 
demand (see Chapter 7). Korea is determined to repeat that success in 
FPDs, in which Japan again dominates the world market, and Koreans 
again see an industry ready to take off. They refer to it as the second 
meal, after semiconductor chips, to feed Korea's electronics industry. 17 

Fiat panel display (active matrix)"' is based on a combination of 
passive matrix liquid crystal display (LCD) technology and semicon-
ductor technology. Thus, in technology, fabrication, and assembly it 
mirrors the semiconductor industry. Firms with a strong background 
in passive matrix LCD and semiconductor technoiogies are in a good 
position to build flat panel display technology. 

The involvement of Hyundai Electronics in passive matrix LCD 
dates back to 1988, when it organized an LCD business unit. Lacking 

capability, Hyundai first imported the stick form of twisted nematic 
LCD from Oprex of Japan in 1990 and fabricated it into celi form. At 
the same time, Hyundai sent its engineers to Oprex for training in 
production and LCD design and imported a complete production sys-
tem from Japan. This enabled the firm to gain a significant volume of 
both tacit and explicit knowledge. Training and in-house R&D led to 
the development of Hyundai's own twisted nematic LCD within 
months and super—twisted nematic LCD by 1993. Hyundai couid then 
increase its output more than a hundredfold in three years, from 
116,000 units in 1990 to 15.22 million in 1993.' 

Based on its experience in passive matrix LCDs and semiconduc-
tors,2° Hyundai organized a task force to develop fiat panel display. It 
also approached Japanese and American LCD firms, including Oprex, 
for technical assistance to expedite leaming, but none was willing to 
share the emerging technology with the Korean firm. Alternatively, 
in 1992 Hyundai established a joint venture, Image Quest Technology,  
in San Jose with a group of leading American LCD engineers spun off 
from Colory Inc. Hyundai invested more than $16 million in devel-
oping a 10.4-inch thin film transistor video graphic array (VGA) mod-
ule prototype and setting up a pilot plant at Image Quest. The joint 
research brought Hyundai engineers, with their strong background in 
passive matrix LCDs and semiconductors, up to a par with Japanese 
competitors. 

Two other semiconductor firms, Samsung and LG, are as, if not 
more, advanced as Hyundai in FPD technology. Samsung developed 
14.2-inch FPD with a thickness of less than 3 centimeters in 1994 
and 3.1 -inch polysilicon FPD in 1995. The polysilicon method, which 
embeds drive integrated cirduits (ICs) on panels to increase the light 
transmission efficiency up to 80 percent, enables the producers to 
extend the display size up to 100 inches and diminish defect rates by 
eliminating the combining process. In 1995 Samsung developed 22-
inch FPD screen, one inch larger than the world's previous biggest LCD 
device produced by Sharp of Japan. This signais Korean companies as 
innovators in FPD technology. As a result, Korean firms are attractive 
candidates for strategic alliances with Japanese firms. LG Electronics 
established a fifty-fifty joint venture R&D with Alps Electric (Japan) 
to expedite the development of the next generation FPD, like plasma 
processing and LCD panel processing. 

The rush is on among Korean firms to estabiish production facili-
ties. Samsung Electronics, invested $375 million to complete an FPD 
plant and began producing 10,000 units a month in February 1995. 
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The capacity was expanded step by step to 80,000 units a month by 
the end of 1995. A second plant is under way as part of Samsung's 
vision to become one of the world's three largest FPD manufacturers. 
LG Electronics completed its production plant in the second haif of 
1995 and Hyundai completed its plant in 1996. 

SU MMARY 

The Korean electronics industry has, within a generation, developed 
from scratch into the fourth largest producer in the world. In some 
products, Korean firms have become new contenders in the interna-
tional market, a transformation driven largely by local chaebois rather 
than multinational companies. When technology was mature and 
simple, as in the production of AM radios at the specific stage, local 
firms reverse-engineered foreign products. When technology was be-
yond the capacity of local firms, pioneering firms relied on foreign 
licensing and technical personnel, as they did with TV sets. Local firms 
did, however, pursue efforts to assimilate the imported technology in 
the shortest possible time. The assiinilation of licensed technology 
enabled these firms to produce newer generations and a broader range 
of products without foreign assistance. Later Korean entrants acquired 
necessary capability largely by luring experienced technical and mana-
gerial personnel from pioneering firms, bringing about effective diff u-
sion of imported technologies throughout the industry. 

When technology was at the transition stage and foreign firms 
were reluctant to transfer their patented technology to Korea, local 
firms reverse-engineered it by intensifying in-house R&D, giving them 
stronger bargaining power in licensing technology from the patent 
holders. Such advanced reverse-engineering is distinguished from the 
simple reverse-engineering of mature products in earlier years. In this 
case, foreign licensing clears a path to the export market rather than 
to technology, as exemplified by the success in videocassette recorders 
and microwave ovens. 

Facing rising resistance from foreign competitors, the chaebois con-
tinually intensified their R&D operations, establishing extensive net-
works of in-house laboratories in order to learn by research. At the 
same time, they established a number of R&D facilities in the United 
States, Japan, and Europe to monitor technological change and to tap 
high caliber Korean and foreign scientists. Korean firms also used 
mergers and acquisitions to gain access to frontier technologies. In  

some technological areas, Korean chaebois have grown sophisticated 
enough to enter strategic alliances with leading foreign competitors. 

The government played important roles in the process of techno-
logical transformation in the electronics industry. The nation's import-
substitution policy provided an attractive business opportunity for 
local entrepreneurs to enter the protected electronics industry. The 
ambitious goals of the government's export drive pushed the industry 
to transform itself technologically and become competitive in price 
and quality in the international market. 

The government role has changed over time from acting as a 
developmental state to playing an indirect promotional role as Korea 
entered the technologically dynarnic environment. The government 
was effective in the demand side of technology by creating a market 
through procurement. In this case, the release of technical specifica-
tions stimulated the industry to expedite learning to meet specifications 
in time for procurement. In addition, the govemment played an im-
portant role in the supply side of technology by strengthening public 
R&D capability and promoting joint research between industry and 
R&D institutes and between industry and academia. 


