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Abstract 
 
 
The success of East Asian firms in high technology industries such as semiconductors 
and information technology products is now an established fact. Against all the 
advantages of incumbents' these latecomer firms have found ways to insert themselves in 
worldwide production systems and to compete in advanced markets. But this very 
success poses a number of challenges for organizational and management theory. 
According to the conventional view, firms ground their success in R&D and innovation. 
When the firm wishes to expand abroad, it exports its technology. Yet it is clear that 
successful firms from East Asia have not built their competences on conventional 
foundations through R&D. Nor have they been recipients of technologies transferred by 
advanced firms for reasons to do with product cycles. On the contrary, the East Asian 
firms and agencies act as instigators of the processes of technology acquisition, acting in 
accordance with their own strategic impulses. Nevertheless a coherent and plausible 
account of East Asian success in knowledge intensive industries can be built on the basis 
of a ‘competence’ or ‘dynamic capabilities’ approach, where the focus is not on 
individual firms’ own competence development, but on the processes of collective 
competence acquisition, through technology diffusion management, where firms and 
public agencies utilize various technology leverage devices. The goal of such an account 
is the construction of a ‘mapping’ of the processes of diffusion, so that the degrees of 
leverage involved may be displayed, and the firms’ own efforts to ‘internalize’ the 
acquired capabilities may be captured. The paper presents a model of technology 
diffusion management, couched in terms of the strategic goals of the process, the 
pathways of diffusion, the dynamics of the process, and the institutional vehicles 
involved. The paper examines the limits to applicability of such an approach to industry 
creation, and the uptake of technology leverage processes in advanced environments, in 
conditions of rapid technological change, or ‘hypercompetition.’ The paper draws on 
these ideas to develop the notion of a ‘national system of economic learning’ where the 
focus is on technology diffusion management, in contrast to the conventional notion of a 
‘national system of innovation.' 
 
 



Managing the winds of diffusion: High technology industry 
formation in East Asia 

 
 
 

The 1990s witnessed an outpouring of analysis of East Asian economic success, 

probing it for lessons for other developing parts of the world as well as for the better 

governance of the advanced countries’ economies. What the World Bank (1993) called 

the ‘East Asian Miracle’ became the benchmark for fiscal responsibility and monetary 

rectitude -- until the financial crashes of 1997 and 1998 gave rise to further intense 

discussions concerning the ‘unraveling’ of the East Asian miracle. But through all this it 

can be argued that the real East Asian miracle -- the technological transformation of East 

Asia -- remained as remarkable, and as little noticed, as ever.  

Any visitor to the region is struck by the advanced technological prowess of 

countries such as Korea, Taiwan or Singapore. This prowess, which has been won 

through intense efforts at acquiring advanced technologies and becoming integrated into 

the world technological mainstream (rather than being content to compete at the margin), 

has hardly been affected at all by the 1997/1998 financial crises, and can be expected to 

serve as platform for continued strong development and industrial upgrading in these 

countries in the 21st century. But from a Western perspective, this poses a conundrum: 

this is technological prowess that is quite evidently not founded on conventional 

approaches to innovation and R&D. It is founded, instead, on a well developed system of 

management of technological diffusion. 

Innovation has been studied intensively, with theories of capitalist dynamics and 

competitive advantage being built on the role that innovation plays in unleashing 

Schumpeterian creative ‘gales of destruction’ through the economy.1  The reality is that 

economies as a whole benefit from innovations only as they spread, or diffuse, to a large 

                                                 
1  See Schumpeter (1942/1950) for the classic description of the process. For more recent 

scholarship on the processes of innovation, see Rosenberg (1976; 1982; 1994); Rosenberg, 
Landau and Mowery (1992); Abernathy and Clark (1985); Anderson and Tushman (1990) 
for representative contributions, and Burgelman and Rosenbloom (1989) for links with 
strategic management. 
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number of firms.2  This is certainly the case with the buildup of technological prowess in 

East Asia. The processes of diffusion are generally held to follow two major pathways, 

namely market-induced imitation, and organizationally-induced technology transfer 

(usually within product cycle considerations).3  Such a framework however fails to fit the 

reality of the achievements of East Asian latecomer firms which have integrated 

themselves into the high technology industries such as semiconductors, computing, 

communications and various IT components sectors. It fails to fit because: 

1) Most of the successful firms have not been innovators in the usual sense of the 

word, nor have they been ‘recipients’ of diffusion or technology transfer, but rather the 

instigators of the process; 

2) The successful latecomer firms in East Asia have fashioned sophisticated leverage 

devices for the acquisition and internalization of technology, that in themselves become a 

source of competitive advantage; and 

3) Institutional structures have been created in East Asian countries to accelerate the 

process of ‘diffusion’ taking over many of the functions of the market. 

 

Diffusion as a process: Technological diffusion is actively managed by East Asians. 

For them, ‘diffusion’ is not a passive phenomenon, driven solely by strategic decisions 

and calculations taken by the originators of the novelty, but it is in fact a complex process 

where technological leverage and strategic management play critical roles. Thus the 

diffusion is triggered as much by decisions of the adopters (who assimilate, 

accommodate, adapt and improve) as by the adoptees or sources of the novelty. 

‘Diffusion’ with its connotations of passive transfer is thus a misnomer; what we are 

talking about is a multipolar process of active dissemination and leverage of resources 

where the adoption and adaptation decisions are primary, and account for the extent to 

                                                 
2  See Rogers (1995) and Westney (1988) for pioneering studies of the processes of diffusion, 

and Schnaars (1994) for an analysis of how firms develop competitive advantages based on 
imitation rather than innovation. Zander and Kogut (1995) provide a rare empirical study of 
the processes involved in technological diffusion. 

3  The argument is that technologies are imitated in competitive fashion by firms, or that 
technologies are transferred by incumbent firms as they mature; see Vernon (1966; 1979) for 
an early exploration of such product cycle considerations. 
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which ‘diffusion’ (ie penetration) occurs. This is best described as a process of 

technology diffusion management (TDM). 

 

Diffusion management as a source of competitive advantage: The strategic 

calculations of the latecomer firm engaging in leveraging practices, are quite different 

from those normally depicted in discussions of strategy and the enhancement of 

‘sustainable competitive advantages’ by firms.4  Whereas the conventional discussion is 

couched in terms of the firm’s identifying its sources of competitive advantage and then 

framing strategy so as to enhance and defend them, from the perspective of the latecomer 

firm this makes no sense at all. For the latecomer, lacking resources and advantages other 

than temporary cost advantages, the approach to strategy is to identify the resources that 

are most available and most susceptible to leverage, and then to implement a framework 

for actually tapping and incorporating these resources, and then improving on them. This 

is resource leverage in a developmental context -- or what we shall call ‘developmental 

resource leverage’ (DRL). 

 

Institutions of diffusion management: East Asians have found that the management of 

diffusion calls for quite different institutions than those which have been developed in the 

West to support R&D-led innovation. The institutions of diffusion management are 

concerned with accelerating the uptake of technologies by firms, with spreading the 

dissemination of new techniques, with hastening the processes of enhancement of 

organizational capabilities (organizational learning) through such devices as engineering 

research associations (Japan) and developmental consortia. The creation of such an 

institutional framework means that firms do not have to leverage and learn on their own, 

and that the results of earlier experiences with collaborative dissemination can be used to 

improve the outcomes -- in a process which can best be described as ‘economic learning’ 

and one which is based in an institutional framework best characterized as a ‘national 

system of economic learning’ (NSEL) by contrast with the more conventional national 

system of innovation. 

                                                 
4 Porter (1980; 1990) takes it as axiomatic that competitive advantages are built on a 

foundation of innovation. 
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Taken together, these three ‘organisational innovations’ -- which are real innovations 

in the East Asian context, whatever labels we wish to attach to them -- represent a major 

departure in the understanding of innovation and its propagation, away from knowledge 

generation in individual firms, towards the management of technological diffusion as a 

strategic process of economic upgrading. The shift in theoretical perspective involved 

here really is profound. First, there is the issue that the industries being created cannot be 

conceived simply as ‘firms’, as in much industrial economics analysis, but as clusters of 

firms together with their institutional supports. 5  Even where this is given due weight, a 

conventional view of industry evolution is concerned with patterns of innovation and 

their supporting institutional structures. By contrast, the approach pioneered in East Asia 

is to see the process in terms of patterns and dynamics of diffusion and its management; 

the emphasis is on how innovations can be leveraged and turned into technological 

capabilities and competitive products as rapidly as possible (Mathews 1997; 1998; 1999). 

The latecomer firm and its competitive advantages 
The central conundrum of the achievement of latecomers like Korea and Taiwan 

in high technology industries, is this: how were they able to overcome such severe 

disadvantages (in terms of knowledge, technologies, access to advanced markets) so 

completely and so quickly, in the face of such overwhelming competitive pressures from 

incumbent firms? The key to finding a plausible solution lies in the term ‘latecomer.’ For 

the latecomer country, and indeed the latecomer firms which it generates, have severe 

initial disadvantages -- but they also have some potential advantages if they know how to 

use them. They have the advantage of starting with a ‘clean slate’ without commitments 

to any particular technology or approach -- whereas incumbents have such commitments 

and all the institutional inertia that goes with it. This clean slate concept extends to being 

able to purchase the very latest technology and capture its improved efficiencies -- 

whereas incumbents are looking to depreciate earlier investments. They have the 

advantage of having a very clear strategic goal to guide their efforts -- the goal of 

                                                 
5 Van de Ven and Garud (1989; 1993) insist that industries are not just collections of firms, but 

encompass a range of supporting institutions and infrastructure. It is in providing for such 
infrastructure that East Asian industry creation initiatives distinguish themselves. 
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‘catching up’ with their advanced competitors. But all of these potential advantages 

would count for nought if latecomers could not also count on some advantage due to their 

own state of development -- something intrinsic to being a latecomer. In the earlier years 

of industrialization experience in East Asia, this advantage was clear: it was low wages 

and low costs generally. In the 1980s, with knowledge-intensive industrial upgrading, this 

advantage was less clear cut but was still there. Furthermore the latecomer firm could 

offer its incumbent rivals some advantages through subcontracting some operations such 

as the more labor-intensive testing and packaging of computer chips -- and leverage 

knowledge from the contractee in the process. In other words, the latecomer firm views 

the world through very different strategic lenses, seeing incumbents not only as 

competitors but also as sources of knowledge to be leveraged through appropriate 

business arrangements such as subcontracting. 

It was Gerschenkron (1962) who developed the notion of the advantages of being 

a latecomer, in his exposition of the 19th century industrialization experience of Europe. 

But the concept applies just as well to 20th century late industrialization in East Asia -- 

and to the latecomer firm as much as to the latecomer country. The central idea is 

overcoming initial disadvantages through different strategies and through the leverage of 

advantages from incumbents. Just as Gerschenkron showed how late industrializers in the 

19th century were able to use state agencies and resources to make up for initial 

shortages, eg of capital or entrepreneurship, so the high technology latecomer firm is able 

to draw on supportive frameworks such as developmental consortia, public sector 

laboratories and public allocation of investment credit to targeted strategic technological 

activities. 

The latecomer firm as a category needs to be distinguished from the ‘late entrant’ 

(or the ‘start up’).6  The late entrant firm is typically a well established firm which makes 

a strategic decision to enter a new industry, but only after the product and process 

technology has acquired some stability due to the efforts of pioneers; it then enters the 

market with large investments, and seeks to take market share from the pioneers. This 

was IBM’s strategy, essentially, in the PC market, where it held off producing its own 

                                                 
6  The term is introduced in Hobday (1995) and expounded in Mathews and Cho (1999a; 

1999b). 
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product until the early 1980s, after the shape of the market had been defined by pioneers 

such as Tandy, Commodore and then Apple. But when IBM entered the PC market, it did 

so with its full weight of knowledge, resources and existing brand advantages. This is 

why a latecomer firm is not a ‘late entrant’ -- it lacks all these advantages of brand, 

expertise and market access. It is condemned to be a late starter and hence a follower by 

history, not by strategic calculation -- but it is not condemned to be a follower forever. 

The distinguishing feature of the latecomer firm is its preparedness, and its ability, 

to learn; it is a ‘learning organization’ par excellence.7  It learns how to access advanced 

technologies, and how to make them work, and it does so with some key competitive 

advantage over incumbent rivals -- such as lower cost, or faster production, or greater 

flexibility (gained, for example, by using the latest technology vintage). It is also able to 

use institutional frameworks to facilitate and accelerate these learning processes, with the 

strategic goal of catching up with the incumbents. 

 

Latecomer firms in the East Asian semiconductor sector 
 Before proceeding to the general analysis of these latecomer firms and their 

strategies, let us review the patterns of success (and failure, indicating the limits of the 

process) in various knowledge-intensive industries. The thing to remember is that all 

these successes, in semiconductors, flat panel displays or other knowledge-intensive 

industry, were extremely improbable. Indeed by most conventional accounts of 

technological dynamics, they would be impossible, given the disparity in resources and 

experience between the established firms and the latecomers. It is the guile of the 

latecomers, and their capability in developing new institutions and strategies founded in 

technology diffusion management, that it is claimed in this paper accounts for the most 

improbable success cases. 

Against all expectations, then, the past decade has witnessed a most remarkable 

penetration of high technology industry sectors, such as semiconductors, by these newly 

emerging firms from East Asia. The Korean and Taiwanese semiconductor sectors rose in 

the space of no more than a decade to become third and fourth largest in the world by 

                                                 
7  On the ‘learning organization’ and techniques of organizational learning, see the original 

discussion by Argyris and Schon (1978/1995). 
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1996 (and have held their own during the Asian crisis of 1997 and 1998). Lying behind 

these successes are remarkable “latecomer firms” such as Samsung, LG Semicon and 

Hyundai Electronics from Korea, and Taiwan Semiconductor Manufacturing Corporation 

(TSMC), United Microelectronics Corporation (UMC) and Winbond, Mosel Vitelic and 

Macronix, from Taiwan. Likewise the Taiwanese information technology sector has 

flourished in the past decade, with PC producers such as Acer, Mitac and Umax 

becoming global players of significance.  

 

Korean success in semiconductors (1980s) 

In Korea, initial technology leverage for VLSI chip fabrication was executed by 

firms such as Samsung and Hyundai in the early 1980s, utilizing their already 

considerable manufacturing and financial prowess acquired through successful mass 

production and marketing of electronic products. They acquired product technology from 

small US producers such as Micron, and process technology from such Japanese firms as 

Sharp as well as vendors of fabrication equipment, and from important Original 

Equipment Manufacturing (OEM) orders from US majors such as Intel and Texas 

Instruments. Each round of leverage was accompanied by in-house deepening of 

technological competences, for new product development, new production line 

installation, and for mass production of chips. Focus on relatively standardized products 

like dynamic random access memories (DRAMs) enabled the companies to obtain most 

result for their leveraging efforts. The institutional framework within which these efforts 

were accelerated included the initial uptake of skills in public agencies such as the 

Electronic Technology Research Institute (ETRI), and inter-organizational collaboration 

to produce new generations of DRAMs, such as the 1M and 4M DRAMs, where the 

product of collaboration was not joint products but accelerated development through 

exchange of pilot production data. By the 1990s, the Korean semiconductor industry had 

become established as a serious player, challenging Japan for leadership in the memory 

chips segment. 

 

Taiwan success in semiconductors (1980s and 1990s) 
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In Taiwan, the first semiconductor capabilities were acquired by the public sector 

research agency, the Industrial Technology Research Institute (ITRI), founded in 1973. 

One of its laboratories entered into a technology transfer agreement with the US firm, 

RCA, in 1976, thereby acquiring initial semiconductor fabrication and design 

capabilities. The technology transferred was considered obsolete by RCA -- but it served 

as training ground for ITRI, which then diffused the skills to the private sector, by 

spinning off a new company, United Microelectronics Corporation (UMC) in 1980. UMC 

has since then repeatedly entered into new alliances with advanced firms, bringing itself 

up to world class technological levels. In 1986, the public agency ITRI entered into a 

further technology transfer agreement with the European multinational Philips, to form a 

new VLSI spin-off, giving Philips’ new fabrication capacity and privileged access to the 

Taiwan market. In order to avoid competing directly with Philips, this new company, 

Taiwan Semiconductor Manufacturing Corporation (TSMC) elected to produce chips 

only for third parties, thereby inventing the notion of the “silicon foundry.” This has 

proven to be remarkably successful, and TSMC has continuously enlarged and deepened 

its technological capacities by transferring the technological specifications of its customer 

firms as it takes orders to produce their chips. In the 1990s Taiwanese firms like Nan Ya 

Technology, Umax, Winbond and Mosel-Vitelic have entered DRAM production, 

through technology transfer agreements with mainly Japanese firms (which are looking 

for reliable “second sources” of supply for their products). Thus the initiative for 

technology and knowledge leverage has moved from the public sector in Taiwan to the 

private sector, as firms gain in sophistication and capabilities. 

 Many more examples could be provided, such as Taiwanese electronic and IT 

firms leveraging their entry into the IBM-compatible PC industry in the early 1980s, and 

then into the laptop industry in the later 1980s and the PowerPC-driven IT systems in the 

1990s, through highly focused R&D alliances formed by the public technology research 

institute, ITRI, with local Taiwanese firms and overseas licensors of technology. These 

alliances lie at the origins of later successes by firms such as Acer, Tatung, Mitac and 

Umax.  

None of the firms which have had such success in these high technology sectors 

existed in their present form ten years ago. As latecomers, these East Asian firms had to 
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overcome enormous initial disadvantages to achieve their positions of influence and 

success in high technology markets. But it is their very success which makes them such 

interesting cases for theoretical analysis. 

 

Limits to applicability: less successful cases  

Let us acknowledge at the outset that there are limits to the success of leverage 

strategies. Both Taiwan and Korea, for example, have attempted to create other high 

technology industries through similar leverage strategies, in sectors such as 

biotechnology and aerospace, with little success to date. While Korea has managed to 

leverage the ingredients of an automotive industry, Taiwan has been less successful in 

this sector. The Taiwanese have established several motor vehicle companies, and linked 

them through technology leverage to Japanese automotive producers -- but they have 

remained tied to these Japanese firms, producing under their brand for over two decades, 

with little prospect of breaking free to design and produce cars of their own, as would be 

the expected outcome of the leverage strategy. So, with certain qualifications, one might 

say that the leverage strategy has not served the Taiwanese particularly well in 

automotive products.8  Likewise in aerospace, the attempts by the Taiwanese to launch 

aircraft projects, through technology transfer from European and US producers, have yet 

to meet with success. The reasons for these shortcomings are many. While undoubtedly 

there were failings on the Taiwanese side, in terms of technological or marketing 

deficiencies, there were also powerful factors working against their success in the very 

nature of the industry. Whereas the semiconductor industry and electronics and IT 

generally are characterized by many competitors, fast product life cycles and rapid 

company turnover, none of these conditions apply in the cases of the automotive or 

aerospace sectors. These, on the contrary, are characterized by few players, by huge 

investments in long product development cycles, and by very low company turnover. All 
                                                 
8  There are important qualifications. In the mid-1990s, for example, the Taiwanese launched a 

collaborative R&D exercize to jointly develop a 4-stroke automotive engine (after an earlier 
attempt in the 1980s to develop a 2-stroke engine ended in failure). Technology in this 
instance was leveraged from the UK firm, Lotus, under the auspices of ITRI's Mechanical 
Engineering Laboratory. This has resulted in several participant Taiwanese automotive firms 
becoming engine producers, through a consortium, the Taiwan Engine Company, now a 
successful exporter of engines to China.  
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are factors mitigating against the prospects of securing technology through leverage other 

than on the terms dictated by the incumbents for what they perceive to be their own 

interests (eg some technology transfer associated with OEM contracting), or in aerospace, 

associated with defence and security issues. In other countries of SEAsia, such as 

Indonesia, attempts to enter high technology sectors such as aerospace, without the 

accumulated technological capabilities and ‘absorptive capacity’ that Taiwan can 

demonstrate, have been even more controversial and problematic. The Indonesian case 

demonstrates quite vividly the limits and obstacles to catchup by latecomers in 

technologically complex fields like aircraft manufacture (prior to the Asian financial 

crisis).9  Technology leverage is not destined to succeed without the requisite preparation 

and investment in absorptive capacity. 

Even in the IT and electronics sector, the Taiwanese have had patchy success. While 

Taiwan firms ride high in PCs and PC components such as motherboards, mouse 

pointers, monitors and scanners, they have made little headway in such ultra sophisticated 

products such as hard disc drives and, until the late 1990s, in CD-ROMs and flat panel 

displays, while they had in the late 1990s virtually zero penetration in such areas as video 

cassette recorders and players. It turns out that what is required in these kinds of products 

is not just digital electronics and video technology, but also capabilities in precision 

engineering, for the micromotors and bearings on which these products depend. In the 

absence of a strong infrastructure of precision engineering firms, which themselves may 

have been leveraged from supply contracts to incumbent players and multinationals, it 

has proven to be very difficult for Taiwan to leverage and implement the technologies 

associated with these precision-drive-based products. This contrasts dramatically with the 

case of Singapore, which has been able to develop a strong infrastructure of precision 

engineering small firms whose business is initiated by servicing the multinationals. The 

point being made here is that there are clear limits to the likely success of a technology 

leverage strategy in the absence of the requisite technological foundations (‘absorptive 

                                                 
9  See McKendrick (1992) for an assessment of Indonesia's 'catchup' efforts in the aircraft 

industry, where the accumulation of impressive technological capabilities was not matched 
by managerial competences. 
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capacity’) and public technological learning infrastructure and associated industrial 

clusters. 

As against these less successful cases, there are many instances of repeated successful 

application of technology leverage techniques, in industrial and technological upgrading 

of industries once established. This points to something more than mere casual 

application of disjointed techniques, but to something more systematic. Let us first 

review the evidence relating to the systematic application of technology leverage in the 

East Asian countries. 

 

Repeated application: the coherence of leverage strategies 

The process of ‘developmental resource leverage,’ as applied through various 

iterations, has a coherence and systemicity that strongly points to deliberate and carefully 

honed public skills in industry creation. The coherence strongly argues against random 

adaptations or just plain ‘luck’ in accounting for East Asian success in knowledge-

intensive industries. If the approach to industry creation and industry upgrading works 

once, why not try it again -- and again, and again?  Some examples reinforce this point. 

Consider first the case of Taiwanese firms which have diversified their output in the 

semiconductor industry to encompass DRAMs and sophisticated communications chips. 

Taiwanese DRAMs  

Taiwanese firms mastered DRAM technology only in the 1990s. Earlier efforts to 

enter the industry, by firms such as Quasel, Mosel and Vitelic, all failed. (Quasel 

disappeared as a company; Mosel and Vitelic merged in the 1990s and have since 

become strong DRAM producers.) The supporting infrastructure and skills -- in a word, 

the absorptive capacity of the Taiwan semiconductor industry -- was not at that time able 

to support the demands of advanced DRAM fabrication. But the absorptive capacity was 

being enhanced by the activities of semiconductor firms in various non-memory devices, 

which rapidly deepened their experience through the various stages of developmental 

resource leverage in the 1980s, while judicious targeting by the Taiwan public agencies 

(such as the Industrial Development Bureau and ITRI) ensured that as many of the steps 

as possible in the semiconductor value-chain were being covered (such as IC design, 
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mask production, and supply of specialist materials and equipment). The decisive 

contribution to raising the industry’s absorptive capacity to produce DRAMs was made 

by ERSO with its Submicron project, in which a major pilot fabrication plant was built 

and subsequently passed across to the private sector (thus accounting for the launch of the 

new firm, Vanguard International Semiconductor Corporation). In the 1990s, one Taiwan 

firm after another announced the intention of becoming a DRAM producer, based on 

technology transfer agreements with US or Japanese firms.10  Both the late 1990s, these 

Taiwanese firms were established s serious and highly competitive DRAM producers, 

putting great pressure on their Korean, Japanese and US counterparts. (By the late 1990s 

the Europeans had just about given up in DRAMs.) Thus the initiative for moving to the 

next stage of semiconductor capabilities was taken by both the private and public sectors, 

with the initiative for technology leverage gradually moving to the private sector as the 

industry matured. 

Taiwan communications chips  

Likewise in the communications chips sector, Taiwanese firms utilized various forms 

of technology leverage to become players in this most sophisticated segment of the IC 

market in the 1990s. Here the technological challenge is to meet international standards 

for data transmission protocols. In the 1980s, before the industry’s absorptive capacity 

had reached the appropriate level, some small firms tried to enter this industry as ‘knock 

off’ practitioners, taking US or Japanese products and copying them to sell for a lower 

price. Strict enforcement of property rights put a stop to this. A new wave of Taiwanese 

ventures in this sector emerged in the 1990s, driven by technology leverage taking place 

through both the public and private sectors. In the private sector, firms like Silicon 

Integrated Systems entered the fast Ethernet data switching IC business by licensing 

technology from one of the leading US firms, National Semiconductor. In the public 

sector, ITRI’s ERSO and CCL have developed Ethernet switches and the ICs to drive 

them, and then formed R&D alliances with small firms to pass across the technology for 

                                                 
10  The process started with the TI-Acer joint venture of 1991 (and taken over by Acer in 1998 

as Acer Semiconductor Manufacturing Inc), and proceeded through several tie-ups with 
Japanese firms, for example Nan Ya Technology with Oki; Umax with Mitsubishi (to form 
Powerchip Semiconductor); Mosel-Vitelic with Oki; and Winbond with Toshiba. 
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rapid commercialization. Firms such as DLink and Accton have prospered through this 

process. 

Next consider the case of Korean firms breaking into the new area of cellular 

telephony through technology leverage. 

Korean CDMA cellular telephony: 

In the 1990s, Korean firms extended their technology leverage strategies to enter 

totally new technology-intensive sectors such as cellular telephony. Again the strategy 

was to bet on a new technological standard and then to ‘leapfrog’ ahead of established 

players. Korean government agencies and firms committed to a new and untried 

technological standard, Code Division Multiple Access (CDMA) as early as 1993, when it 

was first being developed by its US inventor firm, Qualcomm. The technology was 

licensed (which was itself a boost for Qualcomm at the time) and developed, partly 

competitively and partly collaboratively by Samsung, LG and newcomer SK Telecom. 

Because of this strategy of being a ‘fast follower’ Korean firms were able to win 

substantial export orders, such as in Brazil and in China, against the competition of US 

giants including Motorola and Lucent Technologies. The Korean domestic market was 

used as testbed for the new cellular system. SK Telecom launched its Korean cellular 

telephone service in 1996, and it had grown to be the world’s largest such network by 

yearend.  

LCDs in Taiwan 

 Finally consider the case of Taiwanese development of an LCD industry in the late 

1990s. Taiwan grew in the second half of the 1990s to become the world’s second largest 

supplier of notebook PCs (based partly on highly innovative developmental consortia in 

the 1980s) after Japan. But it was unable to penetrate into the key component segment of 

flat panel displays, which were dominated by Japanese firms including Sharp, Fujitsu, 

Toshiba and Matsushita. This meant that much of the value-added in notebook PCs was 

lost to Japan and represented a drain on Taiwan's balance of trade. Efforts by ITRI/ERSO 

to launch a Liquid Crystal Display (LCD) industry in Taiwan in the early 1990s were 

frustrated, partly due to lack of sufficient absorptive capacity, and partly due to resistance 

from semiconductor incumbents. But in the second half of the 1990s one Taiwan firm 

after another committed to LCD production, as it became clear that Thin-Film Transistor 
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(TTF) LCDs were becoming the technological standard for notebook PCs, and as 

Japanese firms sought to outsource and ‘second source’ much of their LCD work to 

Taiwanese firms. By the late 1990s, through these several efforts, Taiwan was moving to 

establish itself as the world’s third largest supplier of TTF LCDs, after Japan and Korea – 

all of whom were considerably in advance of US and European firms in terms of mass 

production.11 

 

The point to emphasize here is that there is a coherence to these continuing leverage 

processes. They evolve as competences are accumulated. The earlier competences in 

basic semiconductor fabrication and marketing, which themselves were leveraged mainly 

via the public sector, serve as a platform for later, more specialized and sophisticated 

devices, which are leveraged through both the public and private sector. Private firms 

come to take more and more of the initiative in such leveraging, while the public sector 

laboratories serve as the repository of technical capabilities, which can be upgraded and 

diffused across to the private sector through R&D alliances.  

 

Developmental resource leverage 
We now wish to give a systematic and general description of the processes 

described. Using the conceptual ingredients identified above as constituting 

‘developmental resource leverage’ the task now is to explicate this process, examining 

the processes, pathways and positions (Teece, Pisano and Shuen 1997) adopted by 

latecomer firms as they integrate themselves into the mainstream of advanced 

technology. The management of technology diffusion can be viewed from a variety of 

perspectives. For analytical purposes, four such perspectives are: 1) the strategic goals of 

the developmental resource leverage process; 2) the diffusion pathways pursued by 

latecomer firms; 3) the dynamics of the process of capability enhancement; and 4) the 

institutional vehicles utilized for the leverage process. These perspectives appear to 

accommodate most of the issues raised in the literature so far concerning latecomer 

                                                 
11  See Linden, Hart, Lenway and Murtha (1998) for a description of the Taiwanese experience, 

and Wong and Mathews in the same special issue of Industry and Innovation for an 
Introduction that sets the scene to the analysis of this important global industry. 
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firms’ acquisition and enhancement of technological competences, blending them with 

organizational learning and strategic management concerns.12  

An integrating perspective is called for, in such a way that the different strategic 

options and actions taken by firms and agencies in the process of leveraging themselves 

abreast of advanced technologies may be given some coherence and plausibility. What is 

needed is a framework that does for ‘management of technological diffusion’ what 

Abernathy and Clark’s framework (1985) did for ‘management of technological 

innovation.’ Going back to this seminal contribution, the key to their account, it seems, 

lay in their capacity to integrate, or synthesize, the issue of innovation in terms of 

technology with the question of market impact. Abernathy and Clark captured this 

synthesis in their notion of the ‘transilience map’ for any particular innovation -- a 

‘mapping’ of the effect of an innovation measured along the twin dimensions of depth of 

technological impact and market effect. It is proposed to develop a comparable synthesis 

for the case of developmental resource leverage, where the object of analysis is not 

‘effect of an innovation’ but ‘leverage of an advanced technology’ -- and where the twin 

dimensions for measuring the process of such managed diffusion will have to be those 

appropriate to diffusion rather than innovation. 

With this preamble, we can proceed to briefly outline the four features of the 

process of developmental resource leverage, as exemplified in the practices of latecomer 

firms breaking into advanced technological sectors. 

Strategic goals 

The over-arching strategic goal of the latecomer firm, and of the country which 

generates it, is to catch up with the industrially advanced firms in the industrially 

advanced countries. It is catch-up which creates the critical strategic framework, and 

which justifies practices and perspectives that may have to be abandoned or modified 

once catch up has been accomplished -- practices such as targeting, government-induced 

collaboration, and collective risk reduction through public facilitation.  

Samuels (1994) captured the essence of the strategic goal of catch up in his 

description of Japanese catch up efforts in aerospace technology -- efforts which have 
                                                 
12  Cusumano and Elenkov (1994) note how few studies link the literatures of management 

strategy with international technology transfer; this paper is in part a response to the 
challenge posed by Cusumano and Elenkov. 
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now borne fruit in Japanese firms being at the forefront of aerospace technological 

developments. Samuels describes this overarching goal as ‘techno-nationalism’ meaning 

the quest to acquire and master technologies as a national goal or effort. It has subsidiary 

goals which are identified in Japanese policy documents as: indigenization (adoption); 

diffusion and  self-sufficiency.  

Pathways of Diffusion 

Existing treatments of technological learning by latecomer firms and countries 

tend to look at the enhancement of technological capabilities in great detail, or at 

marketing and contracting issues in detail, without necessarily tying the two together.13  

Alternatively, these issues of customer linkage and technological capability enhancement 

are linked in an evolutionary manner, as a pathway along which latecomer firms develop 

(Hobday 1995). Each approach has its merits in explicating important aspects of the 

latecomer firm’s approach to technological catch-up. But the danger in adopting a 

‘stages’ approach to diffusion is that it becomes a conceptual ‘mold’ which imprisons 

analysis; the fact is that while some firms evolve along the pathways described by 

Hobday, many others do not. A general account should seek to provide support for all the 

phenomena observed. 

Taking our cue from Abernathy and Clark (1985), as intimated above, we 

characterize the pathways along which technological diffusion is managed in terms of 

two dimensions: 

1) enhancement of technological capabilities (deepening, broadening); and 2) 

enhancement of access to or linkage with customers in advanced markets. These are not 

the same as Abernathy and Clark’s twin dimensions. Rather, they reflect the striving by 

latecomer firms to leverage more and more advanced capabilities, and to do so through 

more and more advanced market linkages. It is not the impact of innovation that we are 

concerned with, so much as the acceleration of diffusion via leverage. The actual 

pathways of diffusion may be characterized in terms of various contractual linkages, as 

                                                 
13  The classic treatments on technological capability enhancement are those by Dahlman and 

Westphal (1982) and other scholars associated with the ‘Technological capability 
enhancement’ project of the World Bank. See also the extensive discussions on the Korean 
case by Enos (1982; 1989); Enos and Park (1987) and Enos, Lall and Yun (1997). The 
classic treatment of the enhancement of marketing capabilities is that by Wortzel and 
Wortzel (1981) and its subsequent adaptation by Hobday (1995). 
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shown in Figure 1. Thus we may characterize the management of technological diffusion 

in terms of four degrees of leverage involving more and more complex relations between 

the initiatives of the firm doing the leveraging and its contractual partners, and between 

technological competences. They are: OEM; ODM; GLC; and OBM. 

____________________ 

Insert Fig 1 about here 

____________________ 

The actor in this map of diffusion is not specified. In most cases it is a latecomer 

firm. But in the absence of such firms, it might be a public agency (as in Taiwan before 

firms entered the nascent semiconductor industry) or a government economic 

development authority (as in the case of the EDB in Singapore). The cells in this 

diffusion map indicate states desired to be reached as fast as possible by leveraging 

agents in order to accelerate the process of diffusion. In each case, the strategic goal of 

the process is to move upward and outward, towards greater levels of technological 

capability and more advanced market access. The diffusion map thus captures the 

patterns of diffusion, but places the emphasis on the leveraging activities of the firms or 

agencies in the latecomer nation (rather than on the originating actions of the advanced 

firms), which is the usual perspective in discussion of technology transfer.  

Dynamics of Capability Enhancement 

The view that industries evolve through multiple stages, from an initial fluid state to 

one where technologies become more standardized, and competition devolves on cost 

factors more than innovation and performance, to a stage of maturity where few players 

remain in the industry, is now widely seen as the norm. For example, Van de Ven and 

Garud (1989; 1993) in their discussion of the emergence of high technology industries, 

see the process unfolding over four distinct phases.14  Likewise Mueller and Tilton (1969) 

                                                 
14 The phases in the Van de Ven and Garud model proceed through: 

1. Creation of resource endowment 
eg by basic R&D in public sector research institutes 

2. Appropriation of public knowledge by private firms 
Formation of new firms, or diversification by existing firms 

3. Industry expansion 
technical and economic activities of firms; institutional regulation; financial 
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in their discussion of barriers to entry, construct a model of industry creation, that moves 

through four stages. 15  There are clear overlaps between these two models, which may be 

taken as representative of the technology development cycle literature. While any 

industry created as a matter of public policy will have to pass through evolutionary stages 

which approximate those outlined by authors such as Mueller and Tilton and Van de Ven 

and Garud, from our perspective these models are not capturing the essential technology 

diffusion management features found in East Asian industry creation. The point is that 

East Asian newly created industries will mimic the first three phases of these models, yet 

in terms of these models, be confined to the ‘industry consolidation’ phase. This is not 

very satisfactory, either in theoretical terms or in terms of public policy implications. 

The dynamics of diffusion may be modelled in a manner which overcomes such 

(theoretical) difficulties. The model focuses on the sequence of steps associated with a 

resource leverage approach. This process of resource leverage proceeds logically through 

four steps: preparation; seeding; propagation; and sustainability. This will be the case for 

each technology targeted for industry creation. The general sequence, which it may be 

argued is followed by all high technology industries successfully created in east Asia, is 

as follows: 

Step 1. Preparing the ground 

– ensuring that skills, knowledge, contacts, companies are all in place 

Step 2. Seeding/implantation 

                                                                                                                                                 
structuring and reimbursement; development of industry standards; and formation of 
pools of competencies 

4. Industry stabilization 
Emergence of a “dominant design”, ushering in a period of consolidation 

15 The stages of the Mueller and Tilton model are as follows:  

1) Innovation stage 
invention; development; pioneer firms 

2) Imitation stage 
imitative firms; adaptations and improvements to the technology 

3) Technological competition stage 
intensive R&D undertaken; advantage shifts to large firms 

4) Standardization stage 
patents expire and barriers to entry based on initial R&D fall; competition shifts to 
manufacturing efficiency. 
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– technology acquisition and resource leverage, leading to adaptation and 

improvement 

Step 3. Propagation 

– financial resources, enterprise development, product development, and 

infrastructure support to encourage firms to take up the new technologies 

Step 4. Sustainability 

– deepening industry structures, R&D capabilities, social structures of 

innovation 

The process is then extended through a new round of seeding, propagation, 

 sustainability, with the newly created technological capabilities serving as 

 platform for the next. 

 

The key to successful industry propagation is the emergence of a group of firms, 

together with all the associated institutional infrastructure and support, that can compete 

internationally. Van de Ven and Garud (1989; 1993) emphasise that an “industry” is more 

than just a group of firms arbitrarily assigned to a group of products. It is in fact a 

constellation of actors – the firms themselves, of course, but also the public sector 

research agencies, the trade associations, the regulatory authorities, perhaps the consumer 

associations and supplier groups – whose complex interactions and forms of collective 

behavior that make up a real industry with real dynamics. This is certainly a point 

understood by East Asian latecomers.16  The goal of industry creation is not narrowly 

confined to the launch of a few firms (or the making of finance available for the firms’ 

formation and ensuring that they have access to technology) but, in a more strategic 

direction, it involves first the creation of ‘preparation’ institutions – such as KIET in 

Korea; or ITRI in Taiwan; or in the 1990s in Singapore, such institutions as IME. 

                                                 
16 Tang and Yeo 1995 provide a telling description of the process, in the context of the shift 

towards higher value-adding technological activities in Singapore. They emphasise that 
successful propagation involves a balancing of different priorities at different stages, as 
between leveraged start-up activities, competence building and selective pioneering by 
indigenous firms. 
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What is depicted in this framework then is a sequence of activities in which one level 

of activity depends on prior build up of competence, with the whole process moving 

through iterative cycles. Seeding is logically prior to diffusion, and preparing the ground 

is logically prior to seeding. It is in distinguishing between these phases, and tailoring 

policies for each of them, that industry policy in East Asia has achieved its successes so 

far.17  Thus the dynamics of the process can be defined in terms of a number of necessary 

‘stages’ in a manner that parallels the evolutionary description of industry life cycles -- 

with the very important distinction that these are acts taken by agents in order to 

deliberately create a new industry or upgrade an existing one. 

From the perspective of DRL, the actions taken to prepare, seed and nurture new 

industries are deliberate acts of public policy, undertaken by public agencies in a spirit of 

national development.  It is in this sense that one can talk meaningfully of ‘industry 

creation’ initiatives in East Asia, and can describe the institutional structures created for 

this purpose. 

Institutional Vehicles of Leverage 

The institutions (agencies, firms) through which technology diffuses in East Asia are 

chosen explicitly to be vehicles of leverage, rather than instruments of innovation. In the 

conventional literature on innovation, two principal vehicles of R&D activities are 

generally recognized, namely the private firm and the public laboratory. The interactions 

between them have varied strongly between countries and historical periods. Likewise the 

institutions of leverage discovered so far (and which appear to exhaust the possibilities) 

are: 

• large already established firms in the industrially upgrading country; 

• public sector laboratories and institutions, linked to consortia of small firms; and 

• external leverage via multinational corporations. 

 

                                                 
17  Of course there have been failures too – as in the case of Korea’s attempts to enter the PC 

industry, or Taiwan’s bid to become a player in software – but these can be attributed to poor 
judgment or bad luck rather than to a flaw in the general resource leverage approach. 
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While there are obvious country identifications with these approaches, it is preferable to 

label them in neutral terms as Model 1, Model 2 and Model 3, in order to inquire into the 

prevalence of their use, and the limitations that are intrinsic to each.  

Model 1. The Korean approach, very much modelled on Korea’s perception of 

what Japan did (especially in Japan’s industrial colony of Manchuria developed in the 

1930s) was to utilize as the vehicles of leverage the existing large firms which had been 

created in the early years of industrialization. Thus the Korean policy approach in the 

semiconductor industry was to prod the existing large firms, which had honed their 

leverage and export skills through earlier phases of industrialization, to enter the high 

investment, high risk area of VLSI semiconductors in the 1980s.  

 

Model 2. In the absence of such large firms, or where there is a preponderance of 

small and medium-sized firms, as in Taiwan, there is an alternative vehicle of leverage in 

the form of public sector agencies. This is the role that ITRI and its laboratories, such as 

ERSO and CCL, have played for the semiconductor sector. These agencies acquire the 

technology in the first place; they build up expertise in the products and processes; they 

improve and adapt the technologies and then diffuse the capabilities as rapidly as possible 

to the private sector, in some cases even creating the companies for the purpose (as in the 

case of UMC).  

 

Model 3. A third variant is to recognize that multinational corporations constitute the 

world’s most abundant source of technological competences, and utilize them to secure 

access to these competences. Thus the approach, pioneered by Singapore, is to offer 

multinationals favorable conditions for location of their activities in the host country, 

with a view to raising overall skill and technological capabilities thereby, and to set in 

train a process of upgrading through inducing the multinationals to enhance their own 

operations and pass on (indigenize) more and more of their own internal capabilities. In a 

remarkable paper published in 1969, Quinn foresaw the significance of multinationals for 

technology transfer, and forewarned of all the potential dangers that might be met in the 
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process, and proposing policy remedies for them.18  Singapore appears to be one of the 

few countries that has pursued a strategy closely in keeping with the analysis offered by 

Quinn. Since then, many others have followed Singapore’s example, and now many 

regions of the advanced countries, in North America and Europe, also compete 

vigorously for multinational investment.19  

 

Iterative Capability Enhancement through DRL: Integrated Perspective 

  The four features or facets of developmental resource leverage, are captured in 

Figure 2. These work together, in practice, to reinforce each other. Thus, the progression 

from, say OEM to OBM and ODM is dependent on the process of technology acquisition 

moving through seeding to propagation, as firms are founded which provide a cluster of 

supportive and ancillary activities. The various vehicles of the process all take their place 

as constituents of the leveraged industry as it approaches sustainability. Such an industry 

can be said to have reached the strategic goals associated with catch-up.  

______________________ 

Insert Fig 2 about here 

______________________ 

This process of leveraged industry creation can be pictured as a spiralling, 

iterative sequence of technological enhancement and improving market access, each 

stage of the process (or each round of DRL) providing the platform for the next. Each 

such iteration creates an expanding ‘cone’ of capabilities, as depicted in Figure 3. This 

then provides the platform for the next round of leverage and capability enhancement, at 

a new technological frontier. Thus, Korea, Taiwan and Singapore have all built on their 

success with semiconductors to move into more advanced (and high value-adding) 

activities, such as logic chips, microprocessors, and associated ancillary activities. 

___________________ 

Insert Fig 3 about here 

___________________ 

                                                 
18 See Quinn 1969 for details. 
19  The literature on this topic is now immense; as a representative case, see Kokko and 

Bloomstrom (1995). 
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Industry creation is thus a complex process of multiple interacting subprocesses 

and feedback loops, driven in the East Asian case by highly sophisticated techniques for 

identifying dominant technological trends and ‘locking’ onto them through leverage 

techniques.  

Competitive success of technology diffusion management 
There are at least four grounds for claiming that the model as presented is a plausible 

account of the process of management of technology diffusion (or more strongly, that it 

accounts for features of the process which competing accounts cannot do). These are: 

 

• it describes a coherent process which has been applied over and over again within East 

Asia; 

• it rests on the development of intrinsic factors (eg organizational learning) rather than 

on transient or external factors; and 

• it posits a role for supra-organizational learning, ie for ‘institutional capacities’ which 

appear to provide the competitive edge achieved by east Asian countries that is lacking 

elsewhere; and 

• most tellingly of all, it is being replicated by the same countries in East Asia, and by 

others in the region, notably China. 

 

Replicability of DRL 

The plausibility of the account offered is strongly supported by the fact that it is 

clearly being replicated by the countries of East Asia over and over again, both by the 

countries which originated the process as they upgrade to more and more sophisticated 

technologies, and by other countries in East Asia, such as Malaysia and Thailand and, 

above all, China. Indeed, China is an important test case, in that it appears that all three 

institutional pathways are being utilized simultaneously in China’s high tech 

industrialization: 

In the late 1990s, China is displaying capacities in technology upgrading that 

utilize not just one of the institutional models we identify in East Asia, but all of them, 

simultaneously. Thus, China is basing much of its upgrading on the capacities of large, 
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established firms to reach out and forge technology alliances with other large firms, in 

Japan, Europe and the USA, to effect their own internally generated semiconductor 

capabilities. This was the pattern pursued by Japan and then subsequently by Korea. 

China is also using its multitude of small and medium-sized enterprises, many of them 

newly renovated collective village-based enterprises, which can form partnerships with 

public sector R&D institutes, to act as channels for the diffusion of technological 

capabilities from these institutes into the wider Chinese economy. This was the pattern 

pursued by Taiwan. Thirdly, China is pursuing an “open door” policy in relation to 

foreign direct investment, inviting in the world’s multinational enterprises to establish 

operations in China, subject to their agreeing to involve themselves in local skills 

upgrading and supply contracts with local firms.20  This is the Singapore model, or the 

wider SEAsian model in general. Thus China shows determination to utilize all three of 

the institutional models we have identified in this study of the creation of the 

semiconductor industry -- and it is large enough to do so. Success or failure in the 

creation of a semiconductor industry in China will thus provide a critical test of the 

technology leverage strategy now being replicated in such determined fashion by China 

itself. 

Uptake of resource leverage strategies in advanced countries 

DRL is characterizing even attempts to ‘catch up’ by advanced firms in advanced 

countries. An excellent example is the flat panel display industry, where US firms are 

using DRL methods to catch up with their East Asian rivals (while Korea and Taiwan are 

using DRL methods to catch up with Japan). This is again an observation that attests to 

the wide replicability of DRL, even beyond East Asia -- provided institutional capacities 

for underpinning the process can be generated. It is these capacities which continue to 

separate the successful practitioners from the unsuccessful. 

The processes of technology leverage that we have identified as being critical to the 

recent successes of East Asia, are being taken over by large and small firms in the 

advanced countries themselves. In the USA, the case of Sematech is certainly the most 

successful instance of an R&D consortium being formed to counter growing Japanese 

influence in the semiconductor equipment and materials supply sector; it is credited with 
                                                 
20  See Zhao (1995) for a representative study of these processes in China. 



 25

having renewed US strengths in this sector, with firms such as Advanced Materials 

moving to global leadership in the 1990s. The pace of alliance and consortium formation 

in the US has not slackened. Under Sematech’s sponsorship, an international 300mm 

wafer initiative (I300I) was put together in the mid-1990s, in which Taiwanese and 

Korean firms were invited participants for the first time; the Japanese went their own way 

with the J300 consortium.21 By the mid-1990s, consortium formation was becoming 

routine in the USA. For example, in 1997 three leading semiconductor firms -- Intel, 

AMD and Motorola -- joined with three leading national R&D laboratories -- Sandia, 

Lawrence Livermore and Lawrence Berkeley -- to form an advanced lithography 

consortium: the Extreme UltraViolet Limited Liability Company (EUV LLC).22  

The flat panel display (FPD) industry provides a highly instructive case of ‘catch up’ 

alliance formation in the USA. While US firms developed advanced laboratory versions 

of FPDs, including the most popular versions such as active matrix liquid crystal 

displays, they did not move on to establish mass production industries for these high 

technology products, allowing Japan to take a decisive lead in the late 1980s which 

continued into the 1990s. This lead was challenged by Korea in the early 1990s, and then 

by Taiwan in the later 1990s (both utilizing leverage techniques) -- but not as yet by US 

firms themselves, while European firms such as Philips are small players in the global 

industry (Linden, Hart, Lenway and Murtha 1998). Since FPDs are likely to play an ever 

more significant role in industrial, consumer, and indeed military applications in the 21st 

century, this absence of a domestic industry in the USA has excited an intense national 

debate. In 1994, the US Department of Defense, worried that the future security of the 

USA could be compromised by extreme technological dependence on other countries 

(read: Japan) for the displays to be used in advanced weapons systems, orchestrated a 

                                                 
21  Actually the two international consortia reached an agreement, the Global Joint Guidance 

Agreement, in 1997, forming the world’s first truly global process technology consortium 
designed to ease the transition for a global industry to the next upgrade in process technology 
(from 200mm to 300mm wafers). 

22  The EUV LLC announced plans to invest $250 million in private funding over three years, to 
develop EUV lithography for use by all three consortium members, over and above the funds 
already invested by the Department of Defense channelled through the three national 
laboratories. This is the largest investment ever by private industry in a DoD semiconductor 
research project -- indicating how seriously US firms now take collaborative, joint leverage 
as an organizational option. 
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determined effort to bring US firms up to the technological level of their East Asian 

competitors. The methods to be used? Joint R&D consortia; strong government 

procurement incentives; public sector funded pilot production operations; powerful 

development incentives, with an emphasis on mass production capabilities; and 

technology alliances with advanced players. In other words, the methods to be used 

resemble very closely the technology leverage strategies of the East Asians. The result 

has been the formation of a publicly-funded consortium, the US Display Consortium, and 

a flurry of activity in R&D and pilot production, although not yet on the scale envisaged 

by the DoD nor by the report it commissioned in 1994.23   

In what conditions does technology leverage present itself as a suitable strategy in 

advanced countries? In conditions where: 

• firms need to catch up with the technological leaders 

• technological resources are available (eg through international joint ventures) 

• product turnover is sufficiently rapid to put constant pressure on incumbents. 

These conditions are very similar to those described by D’Aveni (1994) as constituting 

‘hypercompetition.’ Thus we may hazard the theorem that DRL strategies will work 

whenever hypercompetitive conditions prevail -- whether applied in East Asia, or other 

developing countries, or in the advanced countries themselves. 

From organizational learning to economic learning 

The national systems of economic learning we have described, are concerned with the 
specific tasks of technological leverage and upgrading, in order to maintain and enhance 
the competitiveness of knowledge-intensive industries. Over and above the ingredients, 
or elements, described, is the operation of the system as a whole, in an integrated or 
coherent fashion.  

Our interest lies in developing the notion of ‘economic learning’ by which is meant 
the system through which an economy adapts to new circumstances through measures 
that are more than merely random, price-guided reactions. Learning involves the notion 
of adapting intelligently to new circumstances, through developing a repertoire of 

                                                 
23  The Department of Defense and other agencies such as ARPA commissioned a special study 

of the US display industry by the Brookings scholar, Kenneth Flamm, to utilize the “dual 
use” strategy enunciated by Defense Secretary William Perry. The report is now publicly 
available on he Internet: see www.acq.osd.mil/es/fpd. 
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routines that are stored in memory and which can be drawn on as circumstances change. 
Great progress has been made in developing the notion of ‘organizational learning,’ by 
which is meant an adaptive response on the part of an organization to changing 
circumstances which calls on something more than random explorations of new 
technological or market spaces. Organizational learning implies the existence and 
acquisition of ‘organizational competences’ as the outcome of learning. The ‘learning 
organization’ is one which is able to translate the learning of individual members or 
sections into something that belongs to the organization as a whole; it is the creation of 
supra-individual competences. Quick and nimble organizations are those which are able 
to develop and call on such resources. Learning in this sense implies the existence of an 
organizational memory (in the form of behavioral routines, such as standard operating 
procedures) and the ability to ‘learn’ from mistakes.  

Taking these ideas to the economic level, we are talking about similar phenomena but 
at the level of specific industries, rather than that of a single organization. Thus economic 
learning is about the capacity of an economy to react intelligently to changing 
circumstances -- by forms of economic adjustment which follow certain ‘learned’ 
routines (like firms working together in collaborative networks) and which demonstrate a 
capacity to improve over time. It thus implies the ability of an economy to react 
intelligently to new circumstances, drawing on a ‘memory’ which encompasses similar 
prior experiences and the results of earlier efforts to react to change, in technologies or 
markets. 

The outcome of economic learning, by analogy with the case of organizational 
learning, must be a set of competences that we might call ‘economic,’ namely 
competences to do with economic or industrial adjustment -- by developing new 
industries and running down old industries, by creating circumstances which facilitate the 
emergence of firms in new sectors or the adaptation of firms in existing sectors, by 
disseminating technological and market intelligence. These are ‘supra-organizational’ 
competences, or institutional capacities, that inhere in no single organization but are 
shared by many, embodied in institutions spanning the public and private sectors.  

Economic learning is above all a capacity to experiment with new organizational 
forms, adopting those which work and discarding those which do not, and then improving 
these forms through further rounds of controlled variation and selection. What we are 
describing, then, is a process which is consistent with the notion of the economy as an 
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evolutionary system, dynamically adapting through time, utilizing processes of variation 
and selection, as described by Nelson and Winter (1982). What we are doing is adding 
some explicit institutional detail to the process, and a notion of controlled variation and 
repeatability of organizational forms, inspired by the recent experiences of East Asian 
countries in successful rounds of industrial upgrading.  

Cases of what we are terming economic learning can be found in Japan, Korea and 
Taiwan, to do with technological upgrading in the semiconductor industry. In Japan, the 
FONTAC program was an initial economic learning experiment, in which the new 
institutional form of the ERA was tested, and which proved to have some survival value 
for the firms which became participants. So it was varied and refined over time, to 
become an ‘economic routine’ (by analogy with organizational routines) which Japan 
was able to invoke each time there was a step change in technological competence to be 
accomplished by Japanese firms, culminating in the VLSI program. Likewise in Korea 
the early attempts to promote major changes in technological capabilities on the part of 
the chaebol by simple imitation of Japanese organizational forms -- as in the 1988-89 
ULSI program -- were not very successful; but later programs launched by the KSIA, 
have embodied the ‘learning’ from these earlier experiences and have demonstrably been 
more effective. In Taiwan the number of cases of economic learning are numerous, an 
excellent case being the changes in organizational form of the R&D alliances, which 
became more effective in diffusing technological capabilities to participant firms as 
experience in their operation was accumulated. It is clear that in the sense we are using 
the term, some countries ‘learn’ economically better than others.  

The key to successful economic learning is not just the ‘elements’ of the process, 
which are described very well in the comparative institutional analysis of ‘national 
systems of innovation’ (Nelson 1993). The concept of NSEL seeks to go further in 
bringing out the coherence of these elements into an operational system, focusing in 
particular on how it mimics ‘learning’ through its capacity to make mistakes and then 
profit from them. 

  
Concluding remarks 

The object of this paper has been to present a coherent and plausible account of 

the accelerated management of technology diffusion, utilizing various forms of 

technology leverage, as a viable competitive strategy which provides latecomer firms 
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with a practical alternative to the conventional approaches to sustaining competitive 

advantages based on product and process innovation. The paper has sought to shift the 

perspective of the strategic management literature from seeing imitation as a threat to 

incumbent advantages, to seeing it instead as a viable strategy for latecomers and one 

which has the socially desirable effect of accelerating the propagation of innovations 

from one economy to another.  

In order to sharpen the focus of this alternative perspective, the differences 

between the three approaches discussed, ie the basing of competitive advantages on 

product innovation, or process innovation, or on the management of diffusion, are 

highlighted in Figure 4. 

____________________ 

Insert Fig 4 about here 

___________________ 

The point being made in this Figure, as in the paper generally, is that the skills 

involved in mounting an attack on incumbents through various forms of leverage, are 

every bit as demanding and sophisticated as the better studied skills involved in 

maintaining competitive advantages through innovation. 

  The argument as presented does not seek to belittle the significance of innovation, 

nor is it seeking to justify endless ‘free riding’ as a viable national strategy. Rather, the 

argument seeks to demonstrate the significance of diffusion management in the high tech 

industrialization experience of countries where other explanations are lacking, and its 

even more widespread significance as advanced firms in advanced countries start to take 

up the leverage techniques for themselves. Thus although industry creation through 

technology leverage is undoubtedly an East Asian innovation, its applicability is not 

confined to East Asia. Its replication elsewhere calls not for the familiar elements of 

technological innovation, but for the organizational innovations involved in countries’ 

building institutional capacities in managing the process of technological diffusion. 
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