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FOREWORD

This study draws on the experience of industrial countries in promoting and diffusing
information technology. New technologies in computing, communication and multimedia are
changing the way we work and learn. They are changing the global flows of information, trade
and investment, and the competitive advantage of industries, services, countries, and regions.
An emerging world requires agility and responsiveness. These changes put a premium on the
use of these new technologies. Enterprises of all sizes must invest in technological development
and learning. Govemments are redefining their roles to promote learning and establishing
policies and infrastructures to accelerate the diffusion of generic technologies. This study shares
the best practices of OECD countries in accelerating this learning process in government and the
private sector. It should be of interest to policymakers in industrial and developing countries
and aid agencies.

Jean-Francois Ri chard
Vice President
Finance and Private Sector Development
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ABSTRACT

This study reports on the experience of Canada, Germany, Ireland, the
Netherlands, Sweden, the United Kingdom, the United States, and Japan in designing,
implementing and adapting information technology diffusion programs over the last decade. The
study examines the determinants of effective IT diffusion and analyzes the national IT policy
portfolios to draw lessons and trends. In particular, industrial countries have shifted their
emphasis since the late 80s away from national champions towards diffusion and aiding the small
and medium enterprises to adopt already available information technologies. The study also
reviews the experience to draw guidelines for designing IT diffusion programs for maximum
impact. Programs should consider technology life cycles, the business needs of potential users,
their technological sophistication, and their current exposure to international best practices.
Program goals should be realistic, measurable, attainable, and clearly communicated. Programs
should be packaged to provide integrated services to differentiated users. Stable program
delivery channels are important. Levels of technology and user sophistication should also guide
the choice of delivery institutions: universities, private consultants, trade associations, public
industrial extension, etc.

The study suggests broad directions for adapting these lessons to the conditions
of developing countries. National strategies should address incentives, institutions and
capabilities. Access to international knowhow is clearly important and various instruments must
be explored. Measures should promote institutional learning capabilities and engage business
leadership. The strategy should be user oriented. Government agencies can learn to become
catalysts for diffusion by working closely with private sector associations. In designing diffusion
programs for developing countries, demand analysis, experimentation, monitoring, formal nd
informal evaluation, and continuous adaptation would be critical. Low-cost diffusion approaches
are possible. They should rely on local institutions and networks to speed knowledge transfer.
Intangible investments must accompany IT to realize the benefits.

The study concludes by suggesting roles for governments, private sector, and aid
agencies to accelerate the benefits of IT diffusion for development.
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EXECUTIVE SUMMARY

Information technology (IT) has enormous influence on the global economy.'
OECD governments view IT as a key technology and have developed policies and public-private
programs to promote its diffusion in private industries and public services. In developing
countries, IT can enhance competitiveness of key industries, modernize basic infrastructures, and
reduce costs of economic transactions.

There is growing appreciation of the role of technology in enhancing productivity
and competitive advantage. Technology diffusion programs in OECD countries number over
1,000, at an average annual net cost to governments in late 1980s of $70 billion, about half of
which were targeted at IT.

Recently the strategic importance of IT has been reflected in visions of a "national
information infrastructure" in Japan, Europe, and the United States. The U.S. government is
rewriting regulations to promote competition and private sector-led expansion of the country's
telecommunications infrastructure and market-driven services. It also is examining social
applications, intellectual property rights, standards, and spectrum management reform. In Japan
both government and industry are pursuing "info-communications" not only to help move toward
an "intellectually creative society" for the 21st century but also to address the immediate
problems of aging population, urban concentration and economic restructuring. The European
Union High Level Group has proposed ambitious reforms and demonstration applications
continent-wide to strengthen competitiveness and address pressing Community problems in
transport, education and employment.

This study reports on the experience of eight industrial countries, the rationale for
government promotion of IT, and guidelines for policymakers. The countries are Canada,
Germany, Ireland, the Netherlands, Sweden, the United Kingdom, the United States, and Japan.
The study focuses on programs of special significance to developing countries.

IT diffusion involves more than acquiring computerized equipment and
microelectronics-based product designs and related know-how. It involves the development of
technical change-generating capabilities, to adapt given technology to a widening range of needs.
Continuous improvement after acquisition is essential to sustain competitiveness.2

I As used here, information technology includes the production-side (computer hardware and software,
telecommunications equipment, and microelectronics-based industries) as well as the use-side (applications of IT in all
economic sectors- including flexible manufacturing, financial transaction systems, information services, electronic
publishing and management information systems).

2 The reality of diffusion of new technologies is far from the neoclassical view ot technology transfer, which
assumes that technology is readily transferable between organizations or countries, and that such transfer can be readily
effected through the market.
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Capabilities to generate and manage technologies used in production (and product
differentiation) are primarily developed by firms. The IT revolution is driving the need for
investment in these capabilities. This is a management responsibility. But market failures and
externalities affect the diffusion of new technologies. Governments have responded with policies
and programs to ensure socially efficient IT diffusion, particularly to small and medium
enterprises (SMEs). There is growing evidence that such programs, when appropriately
designed, have significant impact on SME use and benefits from IT.

Determinants of Effective Diffusion

Private-sector demand for new technology depends on incentives, awareness of
benefits, and positive attitudes toward risk and change. Supply-side factors influencing
technology adoption include:

* Information on the technological options, costs and benefits. and alternative sources
of supply and know-how (information markets);

* Technical and managerial skills necessary to invest, adapt, and use the new
technology (labor markets);

- Finance, particularly for intangible investments, and services and new technologies
(financial markets);

- Research and development (R&D) to absorb knowledge and complex technologies;
and

* Infrastructure, networks, and technical support institutions (externalities).

Managing National IT Policy Portfolio

OECD countries have developed three broad categories of policies: support for
IT production, promotion of IT use, and investment in infrastructure to link users and producers.
Many of the policies are IT-specific- research grants for software development, standards for
public information and electronic transactions, programs to promote IT literacy, and incentives
for small enterprises to adopt applications such as computer-aided design. General economic
policies also have IT ramifications: competition policy, financial and trade liberalization., tax
incentives to upgrade products and processes, loans for industrial R&D and small enterprise
productivity enhancements.

The United Kingdom's IT policy includes programs in every category. Several
government departments (Trade and Industry, Education and Science, Defense) support IT
generation through direct R&D support, human resource development, awareness programs, and
technology information services. The Department of Trade and Industry coordinates cross-
sectoral technology diffusion programs, demonstration projects, technology consultancies,
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computer-in-education programs, technology centers, and user clubs. Government
computerization, public procurement standards, infrastructural expenditures, IT standards, and
regulatory policies all help link IT users and producers.

OECD governments also promote public-sector use of IT, stimulating demand for
indigenous IT products and supporting governments' growing information-handling function.
Historically countries with large IT suppliers have used public procurement to develop IT
production. Their procurement policies have become more open (except for defense), and they
influence departmental purchasing towards emerging international standards.

The United Kingdom's central computer and telecommunications agency promotes
public-sector IT use by helping agencies develop information strategies, plan IT projects,
improve the productivity and methods of IT staff, set standards, choose quality IT products, pilot
new applications, and secure high value in contracting out IT services.

Industrial countries have learned that:

* Diffusion support is the highest priority. While it may not be necessary to develop
or produce IT locally to reap its benefits, diffusion is essential to maximize returns
from R&D.

* Aiding the capabilities of SMEs should be a focus of diffusion. Their adoption of
IT often lags behind large enterprises, and they are constrained by the market and
their capabilities. Local governments should promote IT diffusion to SMEs.
Central governments need to take the lead in IT policies, infrastructure, and R&D.

* Countries may target certain sectors for IT diffusion to enhance their strategic
positions and assets. Ireland uses multinationals and its low-cost, highly educated
workforce to promote export of software services. Germany diffuses computers and
microelectronics to the machine tools industry to consolidate its competitive
position.

* Computing, communication and multimedia technologies are converging; policies
and strategies in these areas should be coordinated.

* While the OECD countries have built their national IT strategies bottom-up, recent
efforts include some top-down elements. The United Kingdom has developed
strategic planning exercises and intelligence capabilities. such as "technology
watch" and "future looks," to ensure the selectivity and coherence of its diffusion
programs and to coordinate scarce public resources for priority IT use.

The shift of OECD policies from promoting the IT industry to diffusing IT
applications has been difficult and incomplete. Most countries viewed the IT industry as
strategic in economic and military senses. European countries were concerned by Japanese
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successes in semiconductor markets and the launch of its Fifth Generation Computer project in
1981. This reinforced the European tendency to subsidize "national champions" in computing.
In the U.S. the substantial public R&D and procurement of IT for defense have strengthened the
industry. The government mainly funded basic R&D and left diffusion to market forces. But
empirical evidence indicated many constraints to IT exploitation. The slower than expected
productivity increases from IT investments caused policymakers in OECD countries to reconsider
the balance of their policies between IT generation and its use. The pervasiveness of IT as a
generic technology, the lag in its adoption by SMEs, and common pitfalls in applying new
technology reinforced the need for a shift in favor of diffusion. Some Asian NICs like
Singapore also have demonstrated that countries could leapfrog in IT use.

The shift toward diffusion also has been slow and difficult for practical and
ideological reasons. It has been easier to devote resources to national champions, basic R&D,
and show-case projects. In contrast, diffusion-oriented programs do not require big budgets but
rather coordinating many ministries and disciplines, reaching many SMEs and changing
management practices in user enterprises. Unlike the "hands-off" policies supporting basic R&D
for IT generation, diffusion-oriented programs often involve selectivity and direct interaction.
A shift towards diffusion implies that government organize pilot projects, become a lead user
of advanced IT applications, and promote contact among IT producers and users.

Analyzing IT Diffusion Programs

IT diffusion programs include:

* Technology capability programs that support R&D, provides information, track
technological developments and advance strategic alliances and technology transfer:

* Diffusion programs for small firms that place technical experts at firms to promote
technological education and identify improvement opportunities, stimulate the use
of private consultants to help users upgrade manufacturing practices, provide
technology advice through state-supported technology and productivity centers, and
raise awareness through the media, conferences and demonstration centers;

* Bridging programs, in which government provides vocational and technical
education, adopts best practices in public sector use of IT, sets standards, develops
science and technology parks, and coordinates inter-agency programs.

Diffusion programs should be based on analysis of barriers to adoption and use.
Enterprises go through different stages in adopting IT: information search for new technology,
analysis of business needs and technological options, negotiation and procurement, and
assimilation of the technology and redesign of business processes. As a firm progresses, IT
benefits and diffusion barriers change. To capture transformation-level benefits, a firm may
need "hand-holding" by more experienced practitioners. The most advanced benefits require
improved infrastructures and institutional overhaul.
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Programs can be matched to firms of various sizes and technological capabilities.
Some simply provide information and demonstration. Others strengthen the capabilities of SMEs.
yet others target the technologically competent, to eliminate infrastructural weaknesses and build
network standards and technical platforms for the rest of the industry to follow.

Guidelines for Designing Diffusion Programs

Designing technology diffusion programs is a relatively new activity in most
countries. OECD experience offers guidelines in four aspects for policymakers: the technology
portfolio, program design, delivery mechanisms, and program management.

Porqfolio of technologies. Diffusion policies should reflect technology life cycles
and the needs of users. Mature technologies may be targeted for wider diffusion, especially to
SMEs. Forcing the pace, however, wastes resources on immature technologies. For example,
several European governments promoted expensive minicomputer-based computer-aided design
(CAD) svstem to companies in the 1980s. A decade later, Ireland successfully diffused PC-
based CAD tools to small firms as the technology matured.

Programs should also consider the technological sophistication of users and their
exposure to international competition and best-practices. The Irish system for manufacturing
support offers both simple and world-class technology support to different users. It allays
skepticism by demonstrating incremental rather than radical changes. Demonstration projects
aimed at widespread diffusion, especially among SMEs, should involve real users in real
factories, rather than show-piece installations in universities or research institutes.

Program design. Programs should be packaged. An industrial extension package
might include a diagnostic function (technology audit as in the advanced manufacturing
technology application program in Canada and Ireland), implementation consultancy support (as
in the U.K.'s and the Netherlands' regional technology centres and Ireland's manufacturing
consultancy service), and other support services for those who can identify specific needs, but
have limited resources (as in Germany's BMFT quality program).

Program goals should be realistic, clearly communicated, measurable, and
attainable. Understanding initial conditions and the nature of market failure is crucial. For
example, the Irish CSTAR program incorrectly extrapolated consumer behavior from the affluent
"telephone society" of rural Denmark to rural Ireland, where good telecommunications is a
recent innovation. User needs also should be carefully researched. Diffusion programs should
be consistent with users' business priorities and risk-taking capabilities. Typically users of a
program to encourage the application of a technology such as Computer-Aided Design (CAD)
or materials requirement planning (MRP) will need to do more than buy a "black box."
Program designers must understand the organizational and business changes involved. For
SMEs, these risks can be life-threatening. Incentives and cost-sharing schemes should reflect
the users' motivation to participate. Cost-sharing of services can encourage users to take
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manageable business risks. Market signals should be used to determine the levels and targets
of subsidies. Testing and regular evaluation are essential.

Program delivery mechanisms. Stable delivery mechanisms are important, since
frequent changes impose learning costs on both users and providers. A key factor of the
Canadian and Swedish programs (IRAP and IVF) is their stability. They remain relevant because
they adapt to changing technologies but retain established routines. Temporary intervention
often mismatches budgets and demand. Budgetary flexibility should match the changing needs
of potential adopters during the life cycle of a program. Critical resources must be available at
program launch. The tension between the need for critical mass in the supplying organization
and proximity to users requires appropriate spatial and administrative decentralization.

Levels of technology and user sophistication should guide the choice of delivery
institutions. Development of the technical consulting market can be an important factor in the
program designer's options. Universities are cheap sources of competence and young
researchers but are short on implementation. Using private consultants at the diagnostic stage
is particularly productive. They often "over-deliver" in the hope of winning further business.
Technology transfer mechanisms embodied in people are resource-intensive. Programs should
therefore "lever" diffusion experience by promoting networks and information sharing. For
example, the Dutch and Swedish programs involve industry representatives and trade associations
in the selection and dissemination of small, applied R&D and demonstration projects; Ireland
offers information-sharing service to link past and potential users of a program. Cost-sharing
and grant-matching are more likely to ensure the recipient's commitment to the project, because
loans- including conditional loans for R&D and innovation activities- often are not repaid.
These cost-sharing mechanisms are used in all the countries surveyed.

Program management. Application and execution should be simple for users,
especially SMEs. Minimum administrative competency is necessary to ensure proper financial
management, monitoring, and communication. Corporate organization, with business-like
practices and transparency, is often the most effective delivery agent of extension services, as
in Ireland's microelectronics application center. A combination of "light touch" monitoring and
project mentorship is vital, as is the case in the Swedish advanced manufacturing technology
program.

Designing National Strategies for Developing Countries

Market failures and capability barriers are more severe and pervasive in
developing countries. Structural constraints, low awareness and limited technological knowledge
suggest that most of their institutions will slowly adopt and underinvest in new technologies.
For early adopters and small entrepreneurs in particular, learning costs and adoption risks will
be extreme unless aided by information networks and support infrastructures. Targeted training,
extension, and demonstration activities also are necessary.
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National IT diffusion strategies should include sound incentives, institutions, and
capabilities. Cost-sharing and government-business partnerships can stimulate the use of IT
consultancy, strengthen the technical consulting industry, and build intermediary institutions and
networks. Telecommunications and broadcasting policies and infrastructural development also
are key elements.

Priority should be given to improving access to international know-how. Because
IT is a premier generic technology, excessive protection could lead to serious macro-economic
damage. Collaboration with global IT leaders is more promising. Networks should be
developed among foreign subsidiaries, advanced local users, and the potentially large community
of small local enterprises.

Technical and managerial skills and organizational learning capabilities are
required. Using IT to create rapid response, flexible manufacturing, customized production and
new forms of industrial organization rely on training. Executive development programs can help
integrate IT into business strategies. A national strategy should consider changes in the
education system and its role in technological diffusion. Flexible, multi-skilled workers, firm-
based training and experimentation, and life-long learning are necessary in the information age.

The strategy should be user-oriented. IT products must be accessible to local
industries most likely to use them to improve international competitiveness. For most
developing countries, the development of local IT suppliers should be encouraged only as
necessary to improve the competitiveness of IT users. Developing countries need early,
inexpensive experience to build a critical mass of local users and start them on a cumulative
learning process.

The OECD experience suggests broad directions for learning within public
agencies to further technology diffusion. IT strategy emerges from intensive public-private
interaction and builds on experience. Working closely with the private sector, public agencies
can gradually build intimate knowledge of potential IT users. As users of IT, government
agencies may contract out systems development and support services. To decentralize
information systems management within government, a central agency may limit its role to
setting key standards for information sharing, IT procurement, best practices in systems
planning, and information resources management. It may also establish basic training for IT
professionals in the civil service and make top administrators aware of their leadership role.
Resources should be focused on key elements of a national information infrastructure. A public
sector-wide view of computerization needs would best identify information and communication
bottlenecks and opportunities.

Designing Diffusion programs for Developing Countries

Environmental analysis and market surveys are essential to tailor program design
to local problems, test assumptions about potential providers and users, and establish a basis for
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monitoring, evaluation and adaptation. Environmental uncertainties and differences in
capabilities among users and providers are likely to be pronounced in developing countries.
Building demand for a diffusion program takes time as awareness, familiarity, and trust between
clients and service providers develop gradually. Demand analysis, piloting, cost-sharing with
users, and the use of market signals and national "technology watch" are key tools to enhance
the strategic fit of programs.

Diffusion programs are likely to undergo substantial evolution and require frequent
evaluation. Programs take time to fine tune. In many OECD countries, periodic independent
evaluation has led to successive generations of diffusion programs, or "open program design."
Formal evaluation alone is inadequate. Intensive contact among all stakeholders and agencies
propel learning and dynamism. Initial information scarcity and the institutional learning process
suggest that the "blueprint" approach to program design, often adopted by aid agencies, is
inappropriate.

Complementarity between physical and intangible investments in IT is important
in developing countries. As global competition and technological change require higher skills
and organizational learning, firms must invest in intangibles. Industrial countries have learned
to selectively subsidize intangible services such as consulting and training.

Low-cost diffusion approaches are especially important. Developing countries
should provide information services more broadly, while limiting implementation assistance and
mentoring to SMEs and to early demonstrators of innovative applications. They should target
simple and packaged information technologies, based on CD-ROM or PCs, to build a critical
mass of users and to initiate institutional learning processes. They also shoLuld design declining-
subsidy schemes in cost-shared diffusion programs, leverage international consultants with local
partners, and emphasize process reengineering and managerial improvements.

Successful diffusion programs rely on local institutions and networks to speed
knowledge transfer. They should build on intermediaries such as trade and professional
associations, financial institutions, universities and R&D institutes, and private consulting firms.
This approach is more responsive to industrial traditions, local resources, and established client
relations. At the same time, IT diffusion programs should reward institutions that respond to
the demands of new technologies and users by sponsoring cost-sharing research projects and
consulting services, particularly for SMEs.

Diffusion programs can help build networks and promote relationships among
users and suppliers, thus enhancing information sharing and demonstration effects. Cooperative
research projects among SMEs, consortia of local suppliers, and joint ventures with foreign
partners for IT diffusion would accelerate diffusion. The creation of such networks should be
an instrument and an objective of IT diffusion programs.
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Role of Government and Private Sector

Although IT generation and diffusion should continue to be driven by the private
sector, government's role should be reoriented to expand private sector choices, promote
diffusion among lagging users such as SMEs and social sectors, and stimulate the development
of a national information infrastructure. The balance between hands-on and hands-off programs
will vary according to capabilities of public agencies, development of the basic infrastructure and
the IT industry, concentration of user industries, and availability of technical and managerial
education. For most countries, government should focus on promoting standards and training,
and developing networks among IT users to share experience. In devising diffusion programs,
the government may exploit and extend the capabilities of the private consulting industry to
facilitate learning among SME users.

Implications for Aid Agencies

Aid agencies should move beyond investment in IT components of development
projects and help governments become effective in using IT, in designing IT policies and
strategies, and in diffusing IT throughout the economy. Aid agencies may take a dynamic, long-
term view of the roles and capabilities of both public and private sectors. They should promote
public-private partnership and help develop private-sector involvement in planning and
implementing IT projects.

In particular, aid agencies should:

e Advise governments on the strategic implications of IT for national development and
for key sectors like trade, manufacturing, logistics, and education.

* Assist in developing policies and infrastructures that support the diffusion of IT and
build links between IT producers and users: public investment and private
participation in telecommunications, technical education and computer literacy,
incentives for R&D and IT adoption, and promotion of technical standards to
facilitate diffusion and information sharing.

* Assist public-private collaboration in the design and implementation of IT diffusion
programs to improve competitiveness of private enterprises, particularly the SMEs.

* Improve the capabilities of government as a user of IT and manager of public
information resources.

* Support strategic alliances and recruitment of IT multinationals as partners for local
IT producers and users.





I. INTRODUCTION

Information technology (IT) is a pervasive technology which has major implications for
industrial development and economic growth around the world. Many of the industrialized
countries have developed government policies to promote the production and use of the
technology. In this study we review policies in OECD countries designed to encourage the
widespread diffusion of IT. We do so in order to draw out lessons of relevance to developing
countries. More specifically, the study seeks to:

* Help aid agencies move beyond fragmented efforts to promote the use of
information technology and towards the development of national policies,
strategies and programs in support of IT diffusion throughout an economy.

Provide an empirical basis for designing such assistance, by drawing on the rich
menu of programs and lessons of experience of eight OECD countries.

* Demonstrate the most appropriate approaches for government interventions (in
collaboration with the private sector), in response to specific yet pervasive
market failures and the substantial externalities associated with IT adoption by
private enterprises.

lDevelop frameworks and tools for analyzing the portfolio of IT policies and
programs of a country and for packaging these programs in support of
differentiated target groups.

The structure of the report reflects our approach. After initial clarification of the
objectives of the study, Chapter II discusses the importance of IT and the reasons why
governments have formulated and implemented policies to promote its diffusion. This Chapter
also examines some of the barriers to effective diffusion. The focus then shifts in Chapter III
to the articulation of some simple models of the diffusion process and government policies in
the area. These we use throughout the report to categorize and analyze government policies
and their implementation.

Chapter IV reviews the range of government policies affecting the development and use
of IT in OECD countries, with particular emphasis on the role and position of diffusion
strategies in overall policy portfolios. This is followed by detailed coverage in Chapter V of
IT diffusion programs of varying types, concluding with an analysis of best practice in
combining programs to create an effective portfolio of diffusion programs. Chapter VI
continues with a number of rules-of-thumb for policymakers responsible for designing
individual programs.

The final Chapter VII reflects on the experience of OECD countries and examines the
implications for developing countries. Appendices provide descriptions of national policies in
the OECD countries (Appendix 1) and details of individual programs (Appendix 2).
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As a pioneering study, it does not address all questions relevant to the
promotion of information technology diffusion in developing countries. It is not intended to
provide blueprint plans or country-wide specific assistance packages. The study focuses on a
few relatively visible programs, with a particular focus on IT, in each of the selected OECD
countries. Many of the programs reviewed continue to evolve. There are about a thousand
programs in OECD countries concerning technology development and diffusion, and the share
of those focused on IT is about half (Box 1). So the picture is complex and there is no simple
way of depicting overall patterns and trends. The study had to simplify and briefly outline
each country and program strategy so as to move the analysis quickly to focus on the broad
picture: the main trends in the mix of national programs, for policy makers, and the key
guidelines, for program designers.

Box 1
OECD Industrial Support Programs Database

The OECD Industry Committee has created an information database describing industrial
support schemes implemented by 22 member countries and the Comrnission of the European
Communities.

As of April 1993, the database contains 1013 programs for the period 1968-89 with a total net
cost to government between 53 an 75 billion US$ yearly. It is the author's estimate that about half of
these programs are targeted at the information technology industry, including the use of IT as an input to
other industries (see the study of SPRINT program, Chapter 4).

The programs analyzed (879 out of the total) cover a wide variety of policy objectives. These
were classified under eight groups:

* 130 were sectoral programs aimed at improving a country's competitiveness in a given
sector;

* 37 were schemes of exceptional recourse for assisting companies in difficulty;

* 159 were programs dedicated to the strengthening of R&D expenditures and capabilities;

* 123 were dedicated to improving general investment behaviors by diminishing general
capital costs;

* 162 were supporting regional development in areas with adjustment difficulties and
remoteness handicaps;

* 117 were to support small and medium-sized enterprises;

(cont'd)
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Box 1 (cont"d)
* 60 aided employment and training activities inside companies;

* 91 supported exports and international investment.

The 879 programs surveyed use one of six financing instruments. Direct grants are used in 468
programs. Subsidized loans are the financing instrument for 61 programs, and government guarantees for 57
programs. Equity capital infusions are used in 24 support schemes. Tax concessions are the financing tool for
145 programs. Finally, 115 remaining schemes utilize simultaneously two or more of the above-mentioned
instruments, and are classified as mixed instruments.

Programs differ also according to the economic costs they target and reduce. Among the 879 programs,
126 diminish production costs, 147 schemes specifically reduce research and development costs, and 144 focus on
costs of acquisition of specific tangible and intangible assets. 88 programs reduce export and international
investment costs. Finally, 46 programs subsidize not company costs, but the operating costs of non-profit
industry support organizations.

The management structures administering support programs in different countries also differ and can be
grouped into four categories: 627 programs are directly funded and administered by central govermments, 88
programs are funded and managed by regional and local authorities, and 46 under the joint action of central and
regional bodies, and 109 programs are conducted by partially off-budget intermediary institutions.

Although this information database is probably the most systematic and extensive information source
available internationally, a number of important shortcomings still remain with respect to data coverage and to the
methodology used. Support schemes by sub-central authorities and quantitative measurement of tax concessions
to manufacturing are especially two areas where reporting remains uneven.

Source. Industrial Policy in OECD countries: 1993 Annual Review;
"1993 Annual Review of Industrial Policies," OECD, Industry
Committee; and "Subsidies and Structural Adjustment,"
Report to the OECD Council at Ministerial level, May 1992.

The study also encountered difficulties in trying to isolate common barriers to general
technology diffusion from those specific to IT-hence the need for conceptual frameworks to
clarify the additional barriers. Market failures and capability failures in IT diffusion are of a
different order from those facing adopters of other technologies: the importance of
'intangible' and complementary investments; the different phases of IT use that are required to
realize 'transformational' benefits; the managerial and institutional factors involved in effective
IT use, etc. The study developed frameworks and tools to aid thinking about the complex and
cumulative nature of technological learning, and about the diverse capabilities required for this
generic and pervasive technology.

The study does not address the new managerial and organizational innovations which
may have enormous value on their own, particularly for developing countries. Our view is
that technological and organizational changes are complementary and mutually reinforcing.
The introduction of modem information and communication systems has its own attraction for
policymakers in developing countries, and should thus be used to induce and support new
managerial and organizational practices.
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The study should thus be seen as a first phase in a learning process for aid agencies.
This is a vast and relatively unexplored field for development practitioners, and the study was
not intended to answer all research issues on the subject. We should keep in mind the
objectives of the study: to identify guidelines and best practices in formulating national IT
diffusion strategies and programs. It is not intended to provide or report in-depth evaluations
of each country policy or program. Quantitative analysis of the impact of each program or
policy at the firm, sector or national level would have been beyond the resources of this study.
Evaluation studies sometimes require extensive resources, and are often constrained in their
focus by political considerations.

Although the focus of study is on drawing practical lessons for designing effective IT
diffusion programs, rather than evaluation of impact, there is a growing evidence that such
programs make a difference, particularly for small and medium enterprises (SMEs). There is
empirical evidence that SMEs are significantly lagging behind the larger firms (in the same
industries) in IT adoption, even in industrialized countries.3 An Italian study for the
Lombardy, one of the most developed industrial regions in Europe, found a large share of
enterprises totally unaware of the potential use of IT. In contrast, countries with a long-
standing tradition of technology diffusion programs such as Canada and the Netherlands do not

4rank the awareness problems as a serious barrier any more.

Our approach is practical, selective, and low-cost. We draw on the substantial 'tacit
knowledge' of practitioners, extensive reviews done by us and by various program managers
and independent evaluation teams of OECD over the last decade (see acknowledgment).
Timely articulation and dissemination of these lessons of experience is critical as developing
countries are investing heavily in acquiring the technology, often under very imperfect
conditions. Aid agencies need to invest more intellectual capital to capture, adapt and transfer
these lessons.

The study focuses on IT diffusion in manufacturing. This covers a vast range of
technologies from Management Information Systems (MIS) that try to utilize the growing
flows of information as a useful resource for management and coordination, to Advanced
Manufacturing Technologies (AMT) that are used to cope with the growing information
content of the processes on the shop floor, to integration of microelectronics and Application
Specific Integrated Circuits (ASIC) into manufactured products. AMT, in turn, covers a broad
range of technologies for product design, materials handling, process control, fabrication
monitoring and quantity control. Types of ATM are: Computer Aided Design (CAD),
Computer Aided Engineering (CAE), Materials Requirement Planning (MRP), Computerized
Numerically Controlled machine tools (CNC), Computer Aided Manufacturing (CAM),
Flexible Manufacturing Systems (FMS), Industrial robots, automated guided vehicles, and

3 Cainarca, G.; Colombo, M.G.; Mariotti, S., "Firm Size and the Adoption Flexible Automation," in
Small Business Economics 2, pp.129-140, 1990. Also, MITI/Small and Medium Enterprise Agency, Small
Business in Japan. 1992 White Paper on Small and Medium Enterprises in Japan, Tokyo, 1992.

4 See OECD, Committee for Information, Computer and Communications Policy," Information
Technology Diffusion Policies for Small and Medium-Sized Enterprises," DSTI/ICCP/EIIT (93)7, Paris, 1993.
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Flexible Manufacturing Systems (FMS), Industrial robots, automated guided vehicles, and
automated storage and retrieval systems. These applications can be connected via Local Area
Networks (LANs) to form Computer Integrated Manufacturing (CIM) and externally, across
organizations and space, via Electronic Document Interchange (EDI).

The special focus on manufacturing applications of IT is because diffusion of AMT is
better researched and surveyed. This provides a better empirical basis on which lessons can be
drawn for policy and program design. These lessons however have broad implications for IT
applications in services and for technology policy in general, since, as will be shown, IT lies at
the heart of current technological and structural changes (OECD, 1989).

This study addresses two main questions:

* Should governments promote the diffusion of information technology?

. What specific lessons can be drawn from the IT diffusion policy experience in
OECD countries?

Justifying government action that promotes the generation or diffusion of any
technology arises due to the presence of market failures which limit, inter alia, the availability
of appropriate skills, information, or finance. Market failures have greater adverse
implications for the spread of such new and fast changing technologies as information
technology compared to mature and conventional technology. In the presence of market
failures, governments all over the world have adopted policies that enhance their countries'
and industries' ability to acquire, adapt, use, diffuse, improve, and generate technology. This
includes such OECD governments committed to non-intervention and the unfettered operation
of market forces as Thatcher-Britain and Reagan-Bush-United States.5

While not an exhaustive survey of IT diffusion policies in OECD countries, this report
seeks to establish guidelines for good practice based on OECD policies and programs. We
have concentrated therefore on:

* Canada, which has long-established and successful technology transfer policies.

* Germany, where significant IT programs and promotions have operated (to the
benefit of both suppliers and users) for a number of years.

* Ireland, which is industrially catching-up within the EEC. Successful in
attracting electronics multinationals as inward investors, Ireland is struggling to
exploit this possibly temporary advantage, not least by trying to create national
software capability.

5 Rosenberg (1982) claims that the semiconductor electronics industry "represents perhaps the most
outstanding 'success story' in terms of government policy to stimulate technical progressiveness, and growth in
output and employment, in the postwar period in the United States" , pp.236-237.
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* Japan, in many respects the global exemplar for rapid industrial development,
where the production and use of IT have played a strong role.

* The Netherlands, which has particularly wide-ranging policies regulating
technology support and acquisition, and managing successful programs.

* Sweden, with the highest R&D spending (as a proportion of GDP) in the
World, which has especially strong programs aimed at the more capable actors
in its economy.

* The United States of America (USA), where, until recently, explicit actions to
support civilian IT diffusion and manufacturing capability were political
anathema, but where local governments have been active in diffusion, and new
national policies are emerging.

* The United Kingdom (UK), which has traditionally supported the suppliers of
IT but is now rapidly moving towards a diffusion focus.

We have also selectively looked at the experience of the European Commission (EC),
where programmatic interventions have promoted IT-specific R&D and telecommunications
infrastructure projects since the early 1980s, and more recently have promoted diffusion as
well.

The countries studied here span a range of experience and approach, normally viewed
as good practice in the realm of science and technology policy. The study concentrates only
on relevant programs and does not attempt statistical completeness. The reader, therefore,
should avoid inferences from the fact that different numbers of programs appear in different
categories in the analysis. The search was for insight and practical experience. More detailed
information about the initiatives included in the study can be found in Appendix 2.



H. INFORMATION TECHNOLOGY AND ITS DIFFUSION

Why Information Technology?

Technology is a key to competitiveness and economic growth. Of all the many
technologies of our time, progress in information technology (IT) has no doubt had-and
continues to have--the greatest influence on the global economy, making it possible to collect,
process, and transmit information at breathtaking speed and declining cost, thereby increasinig
productivity and improving quality and efficiency in all types of industries and services.
Most industrialized countries and an increasing number of newly industrializing countries use
new information technology in areas as diverse as education, health-care, manufacturing,
finance and banking, transportation, commerce, publishing, energy conservation, and
environmental management. Some economic historians assert that the impact of information
technology on society is tantamount to a second industrial revolution-as momentous in its
implications as the first.

With regard to industrial production, the rapid decline in the relative price of
information handling, brought about through microelectronics and digital communications, has
fostered 'information-intensity' in industrial production rather than 'energy and material-
intensity'. These changes are evident in both products and processes. There is now a
tendency to redesign products to be smaller and less energy-consuming, and to have fewer
moving parts and more electronics and software. Application-specific integrated circuits
(ASICs) and other IT advances have further enabled product designers to incorporate
'intelligence', self-diagnosis, ease-of-use and maintenance into both capital goods and
consumer products.

In addition, a whole new range of energy- and material-saving techniques--such as
computer-aided design (CAD), computer-aided engineering (CAE), and computer-aided
manufacturing (CAM) that uses programmable machine tools, industrial robots, visual and
tactile recognition devices-have brought greater precision and narrower tolerances to
production. Used effectively, new information technologies not only increase manufacturing
productivity, but also improve the quality and design of industrial products.

The greater flexibility in production brought about by progress in information
technology challenges old concepts of mass production (Perez 1985). Electronic production
controls, for example, which enable manufacturers to program changes in production
schedules both rapidly and at low cost, have significantly reduced the down-time costs
associated with changing the product-mix of a plant. Increased flexibility of a plant to switch
production among a variety of items has, in turn, enhanced the ability to benefit from

6 As used here, information technology (IT) includes supply-side (computer hardware and software,
telecommunications equipment, and microelectronics-based industries) as well as the demand-side (i.e.
applications of IT in all economic sectors--including flexible manufacturing, financial and transaction systems,
information services, electronic publishing and management information systems).
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'economies of scope'-in other words, a large plant's potential to produce for several small
markets.

Furthermore, the possibility of providing individual pieces of equipment with
'intelligence' enables 'economies of specialization'-where relatively small plants can serve
one or a set of small local- and export market-niches. On the whole, information technology
has made it possible to reconcile significant increases in industrial productivity with variations
in production to benefit from tight and segmented markets. Mass production of homogeneous
products, on the other hand, no longer appears to be the main route to productivity growth.7

Perhaps most significantly, the information technology revolution is leading to a
revolution in business practices. Information technology is increasingly associated with the
adoption of 'lean' production and distribution practices, including just-in-time (JIT),
outsourcing, and total quality management (TQM). These information and communication-
intensive practices, which maximize the utilization of physical assets and minimize working
capital, are spreading throughout OECD and East Asian NICs, and are likely to determine how
- and how much - industrializing countries will participate in global industries.

The far reaching effects of new information technology are not limited to industrial
production. All economic activities-including agriculture, mining, banking, commerce, and
transportation-are becoming fast, flexible and information-intensive. As it changes the
generation and distribution of knowledge and ideas in all fields, existing skills and occupations

8are being undermined and hierarchical organizational structures are being challenged. All in
all, information technology is a key technology9 (Figure 1).

7 According to some analysts, the coupling of computer-aided design with computer-aided manufacturing,
together with on-going developments in software, can reduce the relative cost of innovation and the time span of
learning curves, thereby opening the way for rapid product change (Perez 1985). As rapid technical change
becomes less costly and less risky, the 'minimum change' strategy of product development associated with mass
production of identical units might no longer be necessary for cost effectiveness. Furthermore, as new
technologies permit the highly profitable catering to segmented markets and provide ample space for adapting
production systems and output to specific local conditions and needs, market growth on the basis of
'homogeneous' demand appears to be no longer essential.

8 Miles (1992); Drucker (1988); Antonelli (1991).

9 Information technology is depicted as a 'key' technology in Figure 1, which relates various terms used to
describe important technologies in recent years--such as 'generic', 'strategic', 'critical', 'core', 'enabling' and
'pervasive' technologies. Figure I shows that 'generic' technologies belong to or underpin a significant family of
related technologies. Thus, a technology represented by a row in the bottom left hand corner of Figure 1 is
'generic' if it is closely related to technologies represented by columns of the matrix. In Figure 1, members of
the same family are denoted by black circles. Technologies are 'enabling' if changes in them induce significant
changes in families of related technologies. If changes affecting a technology represented by a row of the matrix
in the bottom center of Figure I induce significant changes in multiple, related, 'column' technologies, then the
technology is 'enabling'. By the same logic, 'pervasive' technologies affect multiple industrial sectors, and
'strategic' technologies fulfill multiple, or vital, social needs. The terms 'core' and 'critical' can be thought of as
combinations of 'generic', 'enabling' and 'pervasive'. The term 'key' includes all of the qualities described
above.
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The generation and diffusion of information technology in most developing countries,
however, contrast sharply with experiences in industrialized economies and a few Asian newly
industrializing countries (NICs). Most developing countries suffer from a dearth of readily
available, reliable information-with adverse consequences for achieving their numerous
developmental objectives.10 Worse still, the spread of information technology across all types
of industries and services in industrialized countries is so fast and pervasive-with consequent
improvements in price competitiveness, design, and quality of products-that developing
countries find it increasingly difficult to compete internationally. Even technologically
'mature' labor-intensive industries in developing countries (such as textiles and footwear) are
experiencing diminishing competitiveness in the face of new, microelectronics-based
technologies and increasingly effective changes in organizational practices in industrialized
countries.11 Researchers predict that the wave of new technology sweeping the industrialized
world will widen the gap between the rich and poor countries. 12

A growing literature on information technology diffusion in a few first tier newly
industrializing countries, as well as the World Bank's experience in support of information
technology projects in developing countries, suggest, however, that there is a vast potential for
using information technology to accelerate the process of economic development. Several
researchers also argue that latecomers are better placed than even the OECD countries to take
advantage of this new technology.13 Information technology can benefit developing countries
in many ways. To name a few, it provides greater opportunities to participate in global trade
and production, provides better access to information, helps achieve and maintain international
competitiveness, enables more efficient public administration and management, and makes
possible environmentally friendly development. Box 2 lists key areas of information
technology of special relevance to developing countries.

10 Hanna, N. 1990. "The Information Technology Revolution and Economic Development", Discussion
Paper No. 120, World Bank, Wash. D.C.

11 See Mody, Suri and Saunders (1992) for an excellent illustration of the implications for developing
countries of technical and organizational changes in industrialized countries.

12 Kaplinsky (1985); Toffler (1990).

13 According to this view, information technology provides 'windows of opportunity' for developing

countries to break out of a vicious circle of economic and technological dependency, and 'catch-up' with
industrial leaders. Not surprisingly, the idea that poor countries can 'leapfrog' or 'catch-up' with industrially
advanced countries has been hotly debated by its proponents and those who are skeptical about the ability of
developing countries to take advantage of the new information technology revolution. What has become clear,
nonetheless, is that the efficient deployment of information technology may soon be indispensable for achieving
intemational competitiveness in an increasingly integrated, information-intensive global economy.
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Box 2
Why IT Is Important for Developing Countries

Participating in global trade and production:

Rising information content of economic activity worldwide.
Fast pace of economic transactions and premium for rapid response.
Intelligent infrastructure necessary to attract foreign investment and alliances.
IT-enhanced managerial innovations and new business practices.

* Exporting tight and increasingly-segmented markets: economies of scope and
specialization.

* Exporting fast-growing, highly profitable software and information-based
services.

Alleviating information poverty:

* Taping fast-expanding global knowledge
Mobilizing and sharing local information resources
Increasing productivity of scarce managerial and scientific resources
Empowering private sector with public information

Enhancing competitiveness:

Transforming industries: from mass production, to lean and flexible manufacturing.
Modernizing infrastructure: enhancing service; reducing capital; embedding intelligence.

* Opportunities to leapfrog (telecom), and to phase-in IT at low cost (PCs).
Revolutionizing business and managerial practices.

Improving Public Sector Management:

* Extending basic services to vast populations.
* Informing public policy and promoting transparency

Promoting national consensus, broad participation and social learning.

Promoting Environmentally-friendly development:

* Reducing environmental impact of industrialization and urbanization:

Integrating environmental information into economic policy and physical planning

One unprecedented opportunity that information technology has opened up is access to
global knowledge at an increasingly low cost. Even the most remote countries can now be
connected to knowledge and data banks-helping them bridge the vast knowledge gap. The
recent rapid spreading of the Internet worldwide is an example of quickly changing
information accessibility in all countries. A vision of a global information infrastructure could
become a reality in the foreseeable future (Box 3).
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Box 3
Creating a Global Information Infrastructure

At an intemational ITU conference in March 1994, Vice President Al Gore delivered a speech that called
for international collaboration to create a global information infrastructure (GII). The following excerpts
highlight the guiding principles for the GII.

"The President of the United States and I believe that an essential prerequisite to sustainable
development, for all members of the human family, is the creation of this network of networks. To accomplish
this purpose, legislators, regulators, and businesspeople must do this: build and operate a Global Information
Infrastructure. This GII will circle the globe with information superhighways on which all people can travel.

"These highways-or, more accurately, networks of distributed intelligence-will allow us to share
information, to connect, and to communicate as a global community. From these connections we will derive
robust and sustainable economic progress, strong democracies, better solutions to global and local environmental
challenges, improved health care, and-ultimately--a greater sense of shared stewardship of our small planet....

"The Global Information Infrastructure will help educate our children and allow us to exchange ideas in
within a community and among nations. It will be a means by which families and friends will transcend the
barriers of time and distance. It will make possible a global information marketplace, where consumers can buy
or sell products....

"It will consist of hundreds of different networks, run by different companies and using different
technologies, all connected together in a giant " network of networks," providing telephone and interactive digital
video to almost every America.

"Our plan is based on five principles:

First, encourage private investment;
Second, promote competition;
Third, create a flexible regulatory framework that can keep pace with rapid technological and market
changes;
Fourth, provide open access to the network for all information providers; and

Fifth, ensure universal service;

"I believe these principles can inform and aid the development of the Global Information Infrastructure.

"The GII will be the key to economic growth for national and international economies. For us in the
United States, the information infrastructure already is to the US economy of the 1990s what transport
infrastructure was to the economy of the mid-20th century.

"The integration of computing and information networks into the economy makes US manufacturing
companies more productive, more competitive, and more adaptive to changing conditions and it will do the same
for the economies of other nations.

"These same technologies are also enabling the service sectors of the US economy to grow, to increase
their scale and productivity and expand their range of product offerings and ability to respond to customer
demands.

(cont 'd)
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Box 3 (cont'd)

"Approximately 60 percent of all US workers are "knowledge workers"-people whose jobs depend on
the information they generate and receive over our information infrastructure. As we create new jobs, 8 out of 10
are in information-intensive sectors of our economy....

"The economics of networks have changed so radically that the operation of a competitive, private
market can build much of the GII. This is dependent, however, upon sensible regulation."

"International standards to ensure interconnection and interoperability are needed as well. National
networks must connect effectively with each other to make real the simple vision of linking schools, hospitals,
businesses, and homes to a Global Information Infrastructure.

"In order for the private sector to invest and for initiatives opening a market to competition to be
successful, it is necessary to create a regulatory environment that fosters and protects competition and private
sector investments, while at the same time protecting consumers' interests....

"Our fourth principle is open access. By this I mean that telephone and video network owners should
charge non-discriminatory prices for access to their networks. This principle will guarantee every user of the GII
can use thousands of different sources of information--video programming, electronic newspapers, computer
bulletin boards-from every country, in every language....

"Countries and companies will not be able to compete in the global economy if they cannot get access to
up-to-date information, if they cannot communicate instantly with customers around the globe. Ready access to
information is also essential for training the skilled workforce needed for high-tech industries....

"The final and most important principle is to ensure universal service so that the Global Information
Infrastructure is available to all members of our societies. Our goal is a kind of global conversation, in which
everyone who wants to have his or her say.... Access clearly includes making service available at affordable
prices to persons at all income levels. It also includes making high quality service available regardless of
geographic location or other restrictions such as disability.

"Constellations of hundreds of satellites in low earth orbit may soon provide telephone or data services to
any point on the globe. Such systems could make universal service both practical and affordable.

"An equally important part of universal access is teaching consumers how to use communications
effectively. That means developing easy-to-use applications for a variety of contexts, and teaching people how to
use them. The most sophisticated and cost-efficient networks will be completely useless if users are unable to
understand how to access and take full advantage of their offerings.

"Another dimension of universal service is the recognition that marketplace economics should not be the
sole determinant of the reach of the information infrastructure.....

"The President and I have called for positive government action in the United States to extend the NIE to
every classroom, library, hospital, and clinic in the US by the end of the century.

"I want to urge that this conference include in its agenda for action the commitment to determine how
every school and library in every country can be connected to the Internet, the world's largest computer network,
in order to create a Global Digital Library. Each library could maintain a server containing books and journals in
electronic form, along with indexes to help users find other materials. As more and more information is stored
electronically, this global library would become more and more useful.

(cont'd
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Box 3 (cont'd)

"It would allow millions of students, scholars and businesspeople to find the information they need
whether it be in Albania or Ecuador.

"The power of the Global Information Infrastructure will be diminished if it cannot reach large segments
of the world population. "

Governments in several developing countries have tried to respond to these threats and
opportunities by formulating national informatics policies, reforming and upgrading key
telecommunications infrastructures, and experimenting with various institutions, incentives,
and promotional instruments to develop the local capability necessary for effectively acquiring
and mastering information technology. The lessons of their experience have not been
extensively researched, but the evidence at hand suggests that there is a significant gap
between the promise of information technology and what developing countries have gained so
far from its adoption--although some developing countries are applying information technology
in a wide spectrum of uses.'

Some studies of information technology diffusion in developing countries indicate that
the use of IT has resulted in significant increases in operational efficiency. For instance,
Mody, Suri, and Saunders (1992) argue that, even at low wage levels, automation can make
economic sense, provided certain organizational prerequisites are in place. Computer-
controlled automation also results in benefits from greater flexibility (Mody and Dahlman,
1992). Similarly, Tan, Lui and Loh (1992) demonstrate that the use of new information
technology resulted in a significant increase in the Port of Singapore's operational
productivity.

Yet the gains from adopting IT appear to vary across developing countries, even in
similar areas of application. For example, while Brazilian Banks have benefited from the use
of computer systems, the automation of Indonesian banks has had almost no impact on their
financial performance.' 5 Hanna and Boyson (1993), in a study which reviewed a number of
IT applications in developing countries, show that dramatic productivity increases were
possible only where 'best practices' were adopted, but that the diffusion of these practices has
so far been quite limited.

The mixed experience of industrial and developing countries thus far--as opposed to the
vast potential for information technology use-makes it imperative to identify the critical

14 See, for instance, World Development (December, 1992), special issue on "Diffusion of information

Technology: Opportunities and Constraints", which seeks to define which sectors, activities, or types of
organizations have benefited from improvements in information technology. Also, see Hanna, N. 1993.
'Information Technology in World bank Lending", Discussion paper No. 206, World Bank, Wash. D.C.

15 See Frischtak (1992) and McKendrick (1992) respectively for details of bank automation in Brazil and
Indonesia.
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conditions for effective diffusion of IT. Some argue that, even with appropriate support
policies for both the generation and use of IT in OECD countries, expected
benefits-particularly in productivity improvements-have been slow to materialize. In the
USA in particular, lagging productivity in manufacturing and services has strengthened the
view that IT adoption involves a substantial learning process and major institutional and skill
changes, and therefore a relatively long gestation period before dramatic improvements can be
realized.16 The recent improvements in productivity in the USA indicate that this gestation
period may be over, at least for leading IT users who have moved down the learning curve and
are now capable of 're-engineering' themselves to reap the transformational benefits of IT.17

A number of barriers appear to impede the diffusion of IT, in both developing and
OECD countries. One of the key impediments--even in OECD countries--is the lack of
awareness of the potential benefits of IT. This is particularly true of small and medium-sized
enterprises (SMEs) and 'low tech' traditional sectors. Perhaps a more crucial barrier to
diffusion is an organization's capacity to absorb a new technology such as information
technology.'9 Effective use of IT involves much more than the introduction of hardware and
software into a plant or an office. It requires a profound transformation in the internal
organization of the firm and its interconnections with markets and suppliers.20 The successful
absorption of IT thus requires not just 'technical' capabilities, but also effective planning and

21organizational capabilities--in other words good managerial skills and entrepreneurship.

16 Recent studies of the productivity payoff of information technology investment are more positive. See

for example, the special report of Business Week (June 14, 1993) on the technology payoff.

17 See, for example, "Re-engineering Europe", in The Economist, Feb. 26, 1994, pp. 63-64.

18 McFarland (1992) summarizes the conclusions of sixteen studies which had sought to identify the main

obstacles to the full realization of benefits from IT investments in OECD countries. The most frequently cited
obstacles are: (i) lack of organizational coordination and conflicts (100 percent of the sample); (ii) lack of
management support (94 percent of the sample); (iii) training - understanding of technology (62 percent of the
sample); (iv) the availability of staffing/recruitment (50 percent of the sample).

19 Often there are steep learning curves, and the associated education and training requirements are
frequently underestimated. In many instances new generations of equipment also require jumps to entirely new
learning curves, rather than incremental progressions along existing ones.

20 Many attempts at computerization and information systems development have failed because of their
failure to realize that it is more than new hardware, which can easily be incorporated with only minor adjustments
to capabilities and institutions. See Perez (1985). The same concern is expressed by Hanna and Boyson (1992) in
a study of information technology components in projects financed by the World Bank. The authors argue that
the primary constraint to increasing the returns to the use of information technology in developing countries lie in
human capital and organizational capabilities.

21 For more details about the importance of organizational capabilities, see Alan cane's paper in World

Development, Volume 20, Number 12, December, 1992. In fact, Cane asserts that automation takes second place
to organization of production, in world class manufacturing. Also see 0. Bertrand and T. Noyella (1988),
Strassman (1985), Zuboff (1988), Hammer (1993), and Peterson (1991).
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The slower than expected productivity increases from the use of IT have caused policy
makers in OECD countries to consider whether or not it is wise to continue supporting IT
development and use, and where support is continued, which policies and programs are likely
to be most effective. Given the strategic and economic potential of IT, there is little evidence

22or likelihood that government support to IT is waning. Yet, the focus of government policy
on IT generation and application in OECD countries has begun to change--increasingly
towards IT diffusion (i.e. the application side), as opposed to generation (i.e. the production of
IT goods and services).

Should governments in developing countries try to accelerate the pace of diffusion of
information technology through selective intervention? If so, should they target specific
sectors for accelerated diffusion? What sorts of simultaneous socio-institutional reforms and
complementary investments are needed? Should governments adopt a sequential approach, i.e.
different policies at different times? What is the appropriate timing of policies for countries at
different levels of development? The experience of those who have successfully adopted

23information technology can help provide answers. In particular, the experience of OECD
countries can provide many useful insights. For many years, OECD countries have been
accumulating experience not only in formulating and adopting policies and programs that
promote the generation and diffusion of IT, but also in assessing their effectiveness.
Moreover, such experience is shared within the OECD and the European Community through
various regional fora, collaborations between universities and researchers, strategic alliances,
and cooperative R&D activities. Consequently, the lessons from this experience may be
codified and made accessible to developing countries.

Determinants of Effective Diffusion

Conventionally, the innovation process has been viewed as a two-step process. First,
an innovation is generated and commercialized on a small scale. Second, its application is
widened or diffused. In this process, developing countries are traditionally seen as passively

22 The potential contribution of the domestic generation and production of hardware and software to
economic growth and employment creation is arguably high. In addition, access to current information
technology is considered by many OECD govemments to justify interventionist policies to promote this industry.

23 Care should be taken, however, in drawing these lessons. The success of NICs, for instance, has been
attributed to several factors other than the role of the State in technology development. Besides, govemments are
known to fail as much as markets do. The challenge for the policy maker, therefore, is to identify strategies,
policies and programs which are likely to be most effective, given specific country needs and conditions, and to
stimulate and facilitate change rather than direct it.
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engaged in the acquisition and use of technology generated in industrial countries, and
available 'off-the shelf in the form of blue-prints or codified knowledge.24 In practice,
however, the successful acquisition and use of new technology is neither costless nor quick. 25

The pace, direction and extent of the diffusion of any technology depends to a large
extent on the nature of demand for improved products and better work practices. This, in
turn, is influenced by the overall incentive framework within which firms operate--
macroeconomic environment and growth prospects, factor markets, intellectual property rights,
domestic and foreign competition and so on . In particular, a competitive market environment
puts pressure on firms to improve productivity and the quality of their products, and thus
drives them to acquire new technology, including information technology. Recognizing the
importance of competitive markets for improving competitiveness, an increasing number of
developing countries are taking steps to remove barriers to competition--tariff and non-tariff
protection of industry from foreign competition, foreign exchange controls, or barriers to entry
and exit of firms (such as industrial licensing, controls on ownership, size, labor regulation
etc.).

An incentive framework alone, however, may be insufficient motivation for firms to
adopt new technology. Firms may be unaware of new technologies or fear investing in them.
They may not know the potential pay-off of new technologies or be acquainted with the
standards, support services, skills, managerial and organizational changes they require. This
has indeed been the experience in OECD countries, particularly at the outset of the information
technology revolution. Therefore, a key objective of most IT diffusion programs in OECD
countries has been to increase awareness of the scope of information technology among
potential user firms and the general public alike.

When faced with the decision to deploy a new technology, many firms seek to
minimize their risk by under-investing in its adoption. Some firms also appear to be
intrinsically conservative when it comes to introducing new technology. Governments in
OECD countries have therefore provided adoption incentives to augment demand for
information technology in the form of: (i) consultancy assistance to explore new applications;
(ii) assistance to explore markets for IT products; (iii) provision of shared facilities for
consortia of firms; (iv) tax incentives; (v) financial assistance for IT applications.

The acquisition and use of a technology, however, is not easy. It depends largely on
the availability of appropriate skills, access to information, and availability of appropriate
financing mechanisms. Yet even in OECD countries, the markets for skills, information

24 The 'product cycle theory ', for instance, assumes that: (a) each industry goes through a simple and
similar progression to maturity and that the point of maturity is obvious; (b) that at maturity, the industry will be
pushed out to developing countries, irrespective of the state of maturity of the developing country economy; and
(c) all technological change takes place in industrialized countries, and developing countries are simply passive
recipients. For a critique of product cycle theory, see Stewart (1982).

25 See, for instance, Rosenberg and Frischtak (1985), Scott-Kemmis and Bell (1988), and Mody (1992).
Mody suggests that IT has resulted in the reversal of the product cycle in some industries.
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finance and the like are far from perfect. As discussed below, a variety of market failures
have an adverse impact on the diffusion of IT: (i) lack of information on technical change,
technological options and alternative suppliers of IT; (ii) lack of human capital skills needed
for acquiring, adapting and using IT; (iii) misallocation of resources for IT-related R&D
activities within firms; (iv) lack of finance for acquiring, adapting and using IT (especially the
development of software and 'intangible' information services); and (v) lack of co-ordination
between firms, universities and technology institutions.

Technical Information

Information market failures are detrimental to a firm's ability to identify, assess,
negotiate, procure, adapt and use a new technology. Imperfect information markets can, for
instance, limit a firm's knowledge about the availability of alternative technologies, current IT
suppliers and their capabilities for future support services, appropriate modes of technology
acquisition (such as licensing, foreign direct investment, turn-key projects), standards,
compatibilities with existing systems and, most importantly, how to introduce, adapt and use
the newly acquired technology.

Even though quite a lot of technical information is freely available from technical
journals, suppliers of machinery, visits to exhibitions and the like, there is a range of technical
information not provided by the market. Contrary to the implicit assumption underlying
conventional diffusion models, some key technologies are simply not available off the shelf
and can be acquired only through collaborating with firms that control the technology. The
transfer of most technologies requires uncodified or tacit knowledge which firms in developing
countries may not possess. The ease with which such tacit technological knowledge is
absorbed depends, inter alia, on the 'public goods' nature of such knowledge--or the ease of
appropriability of that knowledge by the innovators concerned.

How easy is it to obtain knowledge relating to information technology? A distinction
drawn in Nelson (1980) between two types of technological knowledge is useful for
understanding the 'public goods' aspects of information technology: (i) technological
knowledge that relates to basic research, and (ii) technological knowledge that relates to
operative techniques. Basic research has a wide range of applications and possesses many
'public goods' features. Most pre-competitive co-operative research, or informal and formal
technology networks, tend to be concentrated on this type of research, and it is relatively easy
to gain access to information relating to this type of knowledge. By contrast, the 'public
goods' aspects of operative techniques are limited, and information relating to this type of
knowledge is relatively inaccessible. Learning operative techniques entails higher costs than
for basic research, since it needs to be adapted to the specific requirements of the users.

In between these two types is an additional category, 'generic' technologies--including
information technology--that have wide applicability in almost all industries and the ability to
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transform the economic environment drastically.26 Generic technology is close to basic
research in many ways. However, there are some significant differences between the two.
Some generic technologies can be closer to operative techniques (than to basic research) in that
innovators can, to a large extent, appropriate the results of their innovations. Further, as with
knowledge related to operative techniques, generic technology often requires substantive
investment on the part of firms to adapt it for their specific uses. As a result, it is relatively
more difficult to gain access to information on some generic technologies as compared to basic
research.

Information technology is the most pervasive generic technology of our time. There is,
however, a whole spectrum of information technologies with varying degrees of 'public goods'
features, implying differences in ease of diffusion. Obtaining the knowledge required to
purchase, install and use stand-alone computers, for example, is easier than obtaining
knowledge about computer-aided design (CAD), or computer-aided manufacturing (CAM).
Knowledge relating to most of the initial IT applications in developing countries--
computerization of banks, airlines, ports, railways and utilities, and the automation of large
transaction systems such as billing and inventory management--are relatively easy to access.
But with industrial development, as countries move up the technological ladder towards more
sophisticated IT applications, the corresponding scientific and technological information
requirements are also likely to become increasingly complex and costly, and a challenge in
many developing countries.

The SMEs present a special case, with the most severe problems in obtaining and using
scientific and technological information due to:28

D The limited availability of internal R&D to adapt outside information to the specific
circumstances of the firm.

* The lack of time and specialized staff to sort through and evaluate the mass of
information available on the market.

* The high cost of access to information subject to various types of control (patents,
licenses, etc.).

26 OECD (1992). Note also that the 'generic' technologies discussed here are more than technologies
belonging to the same technological 'family'--as a literal interpretation would imply--and are nearer to the
definition of 'key' technologies discussed earlier and depicted in Figure 1.

27 As argued in World Bank (1993a) regarding industrial technology, in early stages of development, simple

testing, quality assurance, extension and information services are the most important needs. Informing firms of
the need to invest in capability development and showing them how to go about it, is critical at this level.
Information on standards, metrology, applied and basic research, and the coordination of information are needed
as firms grow sufficiently mature to incorporate many technologies.

29 Even in mature industrial economies, there is a great need for information on technology, especially by
small and medium enterprises.
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* The limited availability of internal R&D to adapt outside information to the specific
circumstances of the firm.

* The current focus of academic research, and technology support institutions,
serving only the large and most advanced technology users.

Given information market failures, governments in industrially advanced countries have
formulated policies and programs to disseminate technical information and support services
through their 'technological infrastructure'. Many developed countries have technology
information services, with Japan having perhaps the most extensive and supportive public
network of services.2 9 OECD country governments have further promoted inter-firm, inter-
industry and industry-academia linkages-essential sources of information.3 0

Human Capital

The empirical literature dealing with technology diffusion in general-and information
technology diffusion in particular-shows that technology transfer involves a great deal more
than simply buying 'black boxes' and setting them to work. First and foremost, the
acquisition of new technology requires the ability to evaluate various technological options, to
search for reliable suppliers, procure appropriate configurations of tools and systems, and enter
into pertinent technical and marketing arrangements.

It is usually not possible, furthermore, to transfer foreign technology without some
modification to suit local conditions-climate, raw materials, scales of production, product
quality and design specifications of buyers and the like. If technologies are imported from
different countries with different engineering traditions, a great deal of effort is needed to alter
and standardize designs, components and processes (Lall, 1987). In some cases, minor
process changes can also save on energy, lead to better use of by-products, increase product
utility and marketability. In short, the acquisition of technology does not automatically make
it operative, and the firm' s own technological and managerial ability to undertake
modifications is crucial to the successful transfer of a new technology (Rosenberg, 1985).

Markets, however, may fail to provide skills of the appropriate kind, especially if the
technology concerned is new to the country. Given the lumpiness of investment in education,

29 The Japanese Government, for example, not only allows massive imports of technology, but also
provides technology importers with essential information on the sources and prices of different technologies that
would be too costly for importers to collect on their own. Also see OTA (1990).

30 Industry-wide formal and informal sharing of information is common in OECD countries, but not in
developing countries. Institutional arrangements for cooperation and information exchange are weaker in
developing economies than in developed countries while the need for coordination is undoubtedly great. See East
Asian Miracle: Economic Growth and Public Policy (World Bank, 1993b) for a discussion of market failures in
information sharing.
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imperfect foresight, lack of information etc., the provision of education is subject to market
failures. As noted in World Bank (1993a), the education market needs considerable policy
intervention to ensure the supply of adequate quantities of manpower, with the appropriate
range of skills of the right quality. The same applies for the private sector provision of
training. The amount of employee training provided by firms depends on their awareness of
the potential benefits from investing in training in a given area, and the possibility of
recouping the returns from those investments. Many firms-especially small ones-are not
sufficiently aware of the full potential of new technologies such as IT and therefore under-
invest in related training.

Information technology needs special skills, which are not readily available in most
countries due to the novelty of this technology. The IT revolution imposes tremendous
demand for education and training, necessitating a complete revamping of academic curricula
to strengthen education in mathematics, management, computer science, electronics
engineering, and other engineering sciences. Given its generic nature, users who invest in IT
do not necessarily build on their own accumulated 'technological capital' and may require
external support to develop IT adoption capabilities (OECD, 1992). In such cases, public
support programs can help firms to develop the necessary adoption capabilities.

It is becoming increasingly clear that skill shortages and changing skill requirements are
the principal initial barriers to the introduction of new information technologies in both
industrialized and industrializing countries. Surveys of manufacturing industry in many OECD
countries show that all have faced similar problems.' The majority of establishments
surveyed in France, Germnany and the UK, for example, rated 'lack of expertise' as the most
important problem when introducing microelectronics into products and processes.3 2 In
Austria, 78 percent of firms surveyed in 1986 listed the need for higher qualifications and a
different mixture of skills as a principal side-effect of introducing new information
technology.33 In Italy, a survey of 30 enterprises adopting flexible automation technology in
1986 found that they mainly lacked design capabilities and skilled machine operators, and were
hindered by problems related to production organization, programming and software.
Industrial relations issues and financial problems were of lesser importance. In Japan, over 70
percent of Japanese firms surveyed during 1982-83 reported that difficulties in adaptation and
changes in the substance of work were greater than in the past, and that the impacts of IT were
increasing the importance of technicians and technical training.

31 OECD (1989a), p. 30-32.

32 According to a 1985 survey of 1300 UK firms, one in eight expected their output to be limited by

shortage of skilled labor fore four months; following the introduction of new information technology, with 61
percent reporting skill shortages in electrical industrial goods and 50 percent in electronic goods (OECD, 1989b,
p. 174).

OECD (1989a), p. 31.
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In addition to inadequate supply of technological skills, shortages of skills for market
exploration, management and the integration of new technologies are also crucial. In
Germany, for example, the translation of product development into market success has been
hindered by weaknesses in market development, sales and planning.34 There is also a need for
new combinations of production skills. An analysis of automobile manufacturing in France,
Germany, Japan, Sweden and the US found that the introduction of new technologies led to a
blurring of occupational distinctions, a reduction in the numbers of occupational categories,
and an increase in demand for workers with multiple skills. Only multiply-skilled workers can
provide the flexibility needed to take advantage of the new technology's more flexible
production equipment.35

Skill shortages are not simply due to shortages and mismatches in the supply of new
entrants to the labor market. Bottlenecks also occur because firms are slow to retrain workers,
although many of the necessary IT-skills can be developed through on-the-job training, special
training from technology suppliers, in-house, vocational training, or in conjunction with
outside institutes.3 6 Realizing this, in addition to enhancing general education related to
information technology, most OECD countries have now launched policies and programs
specially designed to retrain existing staff. A key element of IT diffusion programs in
Denmark, France, Japan and the UK, for instance, has been short-term training programs for
managerial and technical workers. Courses are tailored to meet the needs of specific firms or
branches of manufacturing. Course content is not developed by government program officers,
but by universities, technical institutes and private organizations funded to develop effective
courses. In most cases, while course development and training equipment is subsidized,
course attendance is not subsidized. The strategy has generally been to develop a decentralized
market-driven process aimed at supplementing training and experience within firms.

In the early 1980s, the UK' s Microelectronics Application Project (MAP), for
example, paid up to 50 percent of the cost of developing courses in microelectronics
techniques for practicing engineers and technicians. Costs covered included the purchase of
equipment to be used in the training, staff time to develop the course, staff training, materials
preparation and advertising. Running costs and student costs were not covered. The courses
covered all levels--from a basic introduction for beginners to advanced and specialized
techniques. At least half of the course involved 'hands on' time by the participants. Most
courses were short, normally 3 to 10 days, with 30,000 places for the instruction of corporate
managers, engineers and skilled technicians.

34 See Wirkungsanalyse sum Sonderprogramm Anwendung der Mikroelektronik, Forschungsbericht,
VDI/VDE-Technologiezentrum, Markt & Technik, Munich, 1986.

35 See, for instance, New Technology and Human Resource Development in the Automobile Industry,
OECD, Paris, 1986.

36 According to one study in the USA (conducted by IBM), knowledge becomes obsolescent in computer
science 2.7 years after graduation unless it is up-dated (OECD, 1989b, p. 174).
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In Japan, training programs are geared mainly towards small manufacturing firms that
do not train workers on their own. The Institute of the Japan Small Business Corporation,
established in 1980 to train management, maintains four separate training institutes. Courses
are aimed at: the development and training of prefectural government personnel and personnel
from SME organizations in charge of technical guidance and management advice; and the
training of technicians and managers from SMEs.

The Japan Small Business Corporation has about 6000 trainees per year, 70 percent at
the Tokyo institute (which gives over half of the corporation's 160 courses). Participants
receive training in factory automation, industrial design, mechatronics, and
telecommunications. Up to 1986, 75 percent of the costs of training were borne by the central
government, the rest by recipients. From 1986, the central government has provided only
two-thirds of the costs. In addition to Irnstitute staff, instructors are also drawn from companies
(28 percent of technical instructors), colleges and universities (21 percent of technical
instructors). A research institute develops training materials. Japan has, in addition, an
extensive system for training SME employees through prefectural and large city governments.
These courses cover automation, mechatronics, robotics, CAD/CAM applications and flexible
manufacturing systems (FMS). Financing comes from the central government, prefectural
govemment and recipients.

Research and Development (R&D)

The 'public goods' aspects of science have sometimes led to the simplistic conclusion
that firms can at no cost avail themselves of the scientific knowledge generated by academia
(Gambardella, 1992). Recent work by a number of authors, however, suggests that in-house
R&D raises a firm's ability to take advantage of 'public' science. Cohen and Levinthal
(1989), for instance, distinguish between 'two faces' of R&D-R&D as direct input to
innovation, and R&D as a means of absorbing external knowledge. Rosenberg (1990) has
likened performance in (basic) research to a "ticket of admission to an information network"; to
understand and use external science, firms must undertake their own basic research. Similarly
Pavitt (1991) suggests that scientific research provides "skills, methods and a web of
professional contacts" which makes the firm better equipped to exploit outside technical
findings. The interactive character of the innovation process, and the increasingly important
links between science and technology, give an advantage to firms that can communicate with
universities and laboratories.

Research is conventionally associated more with technology generation than diffusion,
but the realization that there are 'two faces' of R&D, and that in-house R&D raises a firm's
ability to plug into outside information, has important implications for understanding the role
of R&D and associated market failures in diffusing such new technologies as information
technology. It is the 'second face' of R&D that influences firms' willingness to invest in new
knowledge--or to diffuse new technology. Technology is not simply available off-the-shelf,
and substantial research capability is often necessary to plug into outside information networks,
understand, and assimilate knowledge. In the past, imitation costs were viewed as consisting
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primarily of the cost of transmission of information, and considered to be small, when
compared to the cost of generating the innovation (OECD, 1992). Imitation costs may,
however, depend crucially on the technological level achieved by the firm (its stock of
accumulated R&D, its training, organizational practices etc.). The costs are only low when
the firm has already invested in the development of its absorption capacity in the relevant field.

How firm-based R&D affects the speed of technology diffusion depends on: (i) the
degree to which knowledge in a particular field is cumulative; (ii) the degree to which it is
targeted to the specific needs of the firm; (iii) the degree to which it is tacit; and (iv) the pace
of advance (OECD, 1992). The more complex outside knowledge is, the more generic and
less targeted, the more important are R&D expenditures for identifying and facilitating the
exploitation of such knowledge. The same is true with either tacit or uncodified knowledge,
which requires substantial time and effort to be transformed into rules or routines that are
useful to firms. Finally, the faster a field advances, the greater the effort required to keep up
with it. The generic nature of IT, its newness, and its rapid progress all suggest that a
considerable amount of in-house R&D may be essential for adopting more sophisticated IT
applications--such as computer-aided and computer-integrated manufacturing or the application
of microelectronics in products. By contrast, less sophisticated IT applications-the use of
computers in financial management, inventory control, or billing-may require little or no
local R&D.

Although in-house R&D may be essential for absorbing new knowledge, there are
many reasons why firms may not invest in R&D. In a famous article, Kenneth Arrow (Arrow,
1962) identified three major sources of market failure that justify government funding of
research: (i) indivisibility because of minimum efficiency-scale levels; (ii) inappropriability
of the profit stream of research, leading to a divergence between public and private returns on
investment; (iii) uncertainty covered by research's uneven levels of risk for private and public
actors. The uncertainty associated with in-house R&D related to new technologies such as IT
is particularly high, especially in business environments dominated by short-term profitability
considerations. Indivisibility of research can retard the R&D efforts of SMEs in particular.
This justifies government support for long-term generic R&D with its highly uncertain
outcome. Realizing this, governments in OECD countries have provided a number of
incentives to encourage firm-level R&D in IT, as well as strong support to universities and the
research system linked to them. These institutions provide the qualified personnel needed for
an increasingly technological economy, the base for applied research, and the national
competence for participating in international R&D networks.

Availability of Finance

37Capital market failure is one of the most important barriers to the innovation process.
At the initial stages of development, a large part of technological activity is typically not the
result of formal research, but of problem solving in the course of production. Yet small firms

37 See Stiglitz (1993) for an excellent discussion of financial market failures and the need for State
intervention.
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often find it difficult to obtain financing for such activity. Working capital normally covers
the technological activities of production but is insufficient to cover training and other needs
required for technological change. As industrialization proceeds and technological
requirements become increasingly complex, this financing gap often becomes more serious
(World Bank, 1993a). Financing is needed to undertake ventures in new and risky areas, and
the financial systems in most developing countries are not willing or able to provide such
capital. This is true for new IT, not just in developing countries, but also in OECD countries.

Given the failure of financial markets to support technological innovation, many OECD
governments have formulated a variety of financial policy instruments to facilitate the adoption
of new technologies. As far as information technology is concerned, such programs include:
(i) loans to SMEs that wish to process information on-line; (ii) loans to SMEs to start
producing information equipment and software services; (iii) loans for leasing IT-related
equipment; (iv) finance for purchasing IT services such as information processing, VANs,
videotext etc.; (v) conditional loans and credit insurance towards R&D by SMEs for
expenditure on IT applications in production processes; (vi) loans for using microelectronics in
products; (vii) funds for acquiring technological expertise from abroad; (viii) funds for joint
technology development projects; (ix) information awareness campaigns; and (x) funds for
demonstration projects.

Around 30 percent of the funds of Denmark's Technology Development Program
(TDP) goes to individual companies in the form of development grants, loans, and contracts to
support the incorporation of microelectronics in new products, to improve existing production
processes, and to develop improved software (OECD, 1989a, p.72). Companies are able to
obtain either 40 percent of the direct cost of a project as a grant or up to 50-75 percent of the
project cost as a loan. Funds can be obtained for preliminary studies, in-service training, and
consultant assistance on technical, managerial or financial planning for the application of new
technologies. The program favors small and start-up firms.

In the United Kingdom, financial assistance under the Microelectronics Application
Project (MAP) of the Department of Trade and Industry (DTI) was launched in 1978 with the
aim of encouraging manufacturing firms to apply microelectronics in their products and
production processes. Until the program ended in the mid-1980s, MAP activities increasingly
targeted firms with less than 200 employees in those traditional industries where the full scope
for application of microelectronics had not yet been exploited.

Coordination Between Firns, Universities and Technology Institutions

Since technological innovation is interactive and operates as a system, its success
depends not only on the quality of its elements but on the synergy among them. Countries
such as Germany and Japan, for instance, have benefited greatly from the complementarities
between information technologies and other (mainly mechanical and electrical engineering)
industries that use IT-related innovations as inputs in production. But there are also costs.
Many production techniques are interrelated, and an innovation which changes one part of a
system composed of multiple, interrelated parts may be incompatible with the rest of the
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system, and may require costly system changes to make it fit (OECD, 1992). These 'costs of
inter-relatedness' must be taken into account in any rational investment decision (Metcalfe,
1990). The efficient diffusion of new technologies, therefore, is influenced by the strong
cumulative effects of inter-relatedness and associated complementarities.38

Given the inter-relatedness and systemic nature of technology-particularly IT-there
can be many 'network externalities' associated with their widespread adoption and use.39 Yet
co-ordination failures between firms, universities and other relevant institutions may result in
sub-optimal network externalities. Recognizing this, most OECD countries have established
mechanisms for institutional co-ordination at the national, regional and local levels. These
mechanisms offer various means of interaction, including 'network laboratories', science and
technology parks, scientific associations, and technology assessment agencies (OECD, 1992).
Policies and institutions have been designed to facilitate collaborations between public and
private sectors and among small and large firms, industry, universities, research institutes,
innovators and users. Govemment also seeks to stimulate the formation of industry
associations and network laboratories, and to encourage collaborative, precompetitive research.

38 Case studies of the diffusion of telecommunications equipment, for example, suggest that the rate of their
diffusion is affected by strong cumulative effects of 'inter-relatedness'.

39 Network externalities are particularly evident in innovations such as telecommunications-based service
equipment, where the notion of costs of adoption, as distinct from the mere cost of purchasing, has emerged as a
key determinant of efficient diffusion (OECD, 1992). These costs depend on the behavior of other firms (the
technology they adopt), and on the penetration of the technology into a given country or region. As the number
of adopters increase, so does the availability of skilled manpower. The costs of maintenance and spare parts
decline and collective learning improves.



M. AN ANALYTICAL FRAMEWORK FOR
INFORMATION TECHNOLOGY DIFFUSION

Much of this report is concerned with reviewing experience with a selection of the
policy instruments used by OECD governments to promote IT diffusion. Different IT policy
mechanisms are used to tackle a wide variety of IT diffusion barriers faced by diverse sets of
IT user groups. In the report we analyze relevant data and offer suggestions concerning best
practice policy formulation and implementation. We suggest which types of policy are best
suited to which situations and which types of IT user, bearing in mind that policy measures
need to be tailored to different problems and audiences. First, however, the conceptual basis
for our analysis needs airing. How can we start to describe and define best-practice policy
formulation and implementation? What theoretical constructs can be used? In this chapter we
discuss some of the concepts which are helpful in defining best practice policies. In
succeeding chapters we use the models and frameworks to underpin our analysis of empirical
policy practice in the OECD countries. Here we:

* Discuss a model of the IT diffusion process in which the different uses of IT
and its impact on organizations characterize three IT diffusion phases.

* Introduce a simple model which describes the barriers to IT diffusion at a
number of steps in the IT adoption process.

0 Differentiate between a number of potential IT user groups.

* Introduce a framework for categorizing the wide variety of policy mechanisms
used by governments to introduce IT.

Information Technology Diffusion Phases

Technology take-up rates are affected by many factors. The empirically-based
literature dealing with technology diffusion in general-and IT diffusion in particular-makes
it abundantly clear that technology acquisition and exploitation involves a great deal more than
simply buying 'black boxes' and setting them to work. Technology-specific skills are needed
and must be found from the education and training system, or poached from other users.
Regulation must be conducive to using the new technology. There needs to be a supply
infrastructure able to support the new technology, otherwise users have to develop an
additional and extensive set of maintenance and troubleshooting skills. The economic
infrastructure must be compatible with the needs of the new technology-for example, most IT
equipment needs a continuous and high-quality power supply. At the firm level, there must be
capability to acquire and understand information about technology, to manage change, to relate
technological or manufacturing strategy to business strategy and to take rational investment
decisions.
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One of the most obvious factors affecting the take-up of technology is the use to which
it is to be put. A technology which totally transforms a production process is more daunting
than one which involves minor modifications to existing tasks and procedures. IT is
interesting in that it has the potential to be used in different ways in different settings, with
radically different impacts on organizations. Thus the way in which IT is used, or expected to
be used, affects take-up rates and the historical pattern of diffusion. Effective policies to
promote diffusion must therefore be guided by the use to which IT is put.

It is convenient to distinguish between three Diffusion Phases and associated modes of
technological usage. Substitution occurs when a new or improved technology merely
substitutes for an existing one; Enhancement occurs when the new technology leads to
substantial performance enhancement; and a third gradation exists where the adoption opens up
opportunities for the redefinition of tasks via a wholesale Transformation of work practices
and organizational structures. Figure 2 sets out the three IT Diffusion Phases or levels of IT
use. For the process of technology diffusion in general, enhancement is the usual driver for
technology adoption; substitution is frequently the initial diffusion reality; and transformation
the eventual realization of often unforeseen potential.

Substitution

Substitution involves simple replacement of existing technology with IT. For example,
a word processor may replace a typewriter in a copy-typing role. The usual expectation is that
new technology performing the old function will improve productivity, though this is not
always the case. Where the new equipment is more expensive than the old, it can sometimes
have the effect of reducing overall productivity. Unexpected benefits can also result, however.
In a study of CAD introduction, there was a 'computerization effect' where drawing office
routines were documented and re-evaluated, sometimes for the first time in 100 years. This
enabled routines to be redesigned and productivity increases to be obtained independent of any
use of CAD.40

Enhancement

This involves redesigning an existing process to make the best use of the new
technology, improve product quality and provide additional and related services. In the word
processor example above, this could mean exploiting the database-handling capabilities of the
machine to automate mail-outs or using it in iterative drafting tasks--both of which would
make the operator more productive than was possible with typewriter technology.

40 See Arnold, Erik and Senker, Peter, Designing the Future: 7he Implications of CAD Interactive Graphics
for Employment and Skills in the British Engineering Industry, Watford: Engineering Industry Training Board,
1981.
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Transformation

Transformation involves taking a 'systems' perspective on the role of the process within
the organization as a whole. As a result, the process may be merged with another, eliminated
or expanded. The introduction of word processors, for example, has often meant the
elimination of the secretary or typist role entirely, with professionals producing word-
processed outputs during their routine work. In a more complex case (such as CAD/CAM) it
can mean integrating design with manufacturing engineering, and reviewing the company's
product range and the components from which products are assembled to reduce complexity,
reap economies of standardization, and serve diverse niche customers.

Barriers to diffusion depend in each phase on the particular technology adopted. Figure
3 shows examples of the three phases of IT diffusion for different information technologies.
With relatively mature technologies such as word processing, it is fairly easy for late adopters
to jump immediately to the third transformation phase, providing appropriate skills and
training are available. In the case of newer and more complex IT technologies (like the
CAD/CAM case), this leap is both technically and organizationally difficult. It requires more
sophisticated technical and managerial capabilities, as indicated in Figure 3.

Although barriers to the take-up and spread of IT are similar for each level of IT use,
there can be significant differences in emphasis. For example, if the main objective is to
replace an existing technology, an important barrier during the acquisition stage may be lack
of the resources necessary to purchase the new technology. In the enhancement phase,
inadequate documentation and instruction manuals accompanying a newly acquired technology
constitute a common barrier to effective diffusion-- necessitating a protracted 'learning-by-
doing' phase or 'hand-holding' by more experienced practitioners. For enhancement,
therefore, the acquisition cost may be relatively trivial when compared to the cost of training
to enhance performance. Finally, in order to derive transformation benefits from new
technologies, it might be necessary to acquire whole new sets of organizational skills and
undergo expensive and painful organizational restructuring.

In practice, the expected benefits of IT in OECD countries in terms of increased
productivity across the whole economy have not been fully realized. This suggests that many
adopters have not progressed from the level of substitution to enhancement and transformation.
Although the OECD countries contain the most advanced users of IT in the world, the
aggregate picture is dominated by 'first generation' IT users still struggling with IT as a
replacement for older generations of non-IT equipment. The very pervasiveness of IT and its
consequent widespread use by first generation users almost ensures that aggregate performance
indicators show limited return to date on capital investment in IT.

Over time, as first generation users move into the enhancement phase, overall
productivity should improve. There is still likely to be some considerable delay, however,
before transformation benefits are realized on a widespread scale. These will only show up
when the aggregate picture starts to be dominated by advanced 'nth generation' users who have
moved through substitution and enhancement into the transformation phase. Return on
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investment is also affected by the scale and nature of the barriers to transformation.
Implementing this phase entails major structural overhauls within firms, which need to rethink
the way their businesses function and how IT can broaden their horizons. It may also require
structural changes in the infrastructures in which firms operate.

The fact that IT take-up rates vary from one diffusion phase to another has had
implications for government policy. Many of the first IT diffusion programs in OECD
countries attempted to 'push boxes' to vanguard recipients in the substitution phase. As certain
technologies matured and vanguard users entered enhancement and even transformation stages,
there was a gradual shift in emphasis away from 'pushing boxes' to engaging users in the
complexities of effective IT use. There has also been a tendency for IT diffusion to become
blurred with wider schemes aimed at improving the manufacturing and business capabilities of
recipients, particularly SMEs. This second trend has been further encouraged by the enormous
pervasiveness of IT in the economy.

The existence of different diffusion phases or levels of IT use has implications for
government policy formulation in the future:

* Since the barriers to take-up vary in each diffusion phase, policies to spread IT
will have to be based on a sound analysis of the barriers characteristic of each
phase.

* rlThere are unlikely to be any rapid improvements in aggregate productivity
across economies as long as the major thrust of diffusion is to involve 'first
generation' users in the substitution phase.

Transformation benefits are likely to remain particularly difficult to achieve
without strategies to help lower internal organizational barriers to structural
overhaul, and complementary policies to improve the infrastructures within
which firms operate.

Adoption Stages and Barriers to Information Technology Diffusion

There are other ways of looking at the diffusion process which can be helpful in
deciding which are the best policies and support measures to encourage. One is to consider a
simple model of the many activities which firms undertake when they adopt technology,
relating different types of diffusion barrier to the model, and linking these together with
suitable support mechanisms.

Setting up and operating an enterprise may involve a search for new technology,
assessment of various technological options, negotiation of technology transfer agreements,
procurement of plant and machinery, the installation of technology on the shop floor,
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assimilating and adapting technology, conducting trial production, and so on. For each of
these activities, different kinds of market failures may hamper the adoption and diffusion
process. In the case of IT, many of these can be classified as capability deficiencies,
information failures and infrastructural weaknesses (a special instance of indivisibility). The
relative importance of these and the form they take vary as firms attempt to adopt technology.
They can be discussed in the context of an idealized model of the adoption process, together
with the types of support mechanisms used by OECD governments to overcome adoption
barriers. Figure 4 treats technology adoption as a step-by-step process, with the actual steps
representing barriers to the adoption process. The term Adoption Stage is used in order to
avoid confusion with the Diffusion Phases discussed earlier.

The Information Stage

In the first stage of the adoption process, firms acquire the information necessary to
make informed decisions. The main barriers here are presented by the quality, quantity,
nature and timeliness of that information; the efficiency of the infrastructure that provides
information; and the firm's ability to acquire and absorb information. In OECD countries,
government actions to help firms overcome these adoption barriers often take the form of
awareness campaigns and infrastructural improvements--such as the establishment of
organizational networks--to facilitate information flow. Initiatives designed to help firms
become better absorbers of information are common.

The Analysis Stage

The second stage in the adoption process involves processing and analyzing the
information gained in the first stage and devising a sensible strategy for technology adoption,
given the information and communication patterns and needs within the enterprise. Here the
main barriers are internal capability deficiencies (often rectified in OECD countries by
consultancies that guide firms along optimal paths. Other barriers (particularly associated with
IT) are the reluctance of managers to define their information needs or to share information
within their organization. Again, process consultancy services can often facilitate this process.

The Acquisition Stage

During this stage, the firm musters the resources necessary to acquire needed
technology or to develop information systems. Lack of adequate financial resources can be
alleviated by direct subsidies, loans and tax incentives.

The Utilization Stage

The actual implementation of the technology once it has been acquired is, in many
instances, the most problematic stage. This is particularly the case for IT, where full
utilization requires new managerial behavior, process re-engineering and frequently new roles
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and relationships within and among enterprises. Firms that lack the internal capability to
operate the technology efficiently face steep learning curves. They often lack critical
information inputs and may not be plugged into the most appropriate parts of existing
infrastructures. Governments can assist in this phase by promoting consultancy or extension
schemes or other training initiatives.

Figure 5 shows how Adoption Stages can apply in each Diffusion Phase. After IT
diffusion programs in OECD countries have been reviewed in Chapter IV, we return in
Chapter V to a consideration of how these concepts help pinpoint appropriate policies for
particular problems.

Information Technology Users

Barriers to diffusion in different adoption stages and diffusion phases are encountered
by a broad spectrum of potential IT users. Some user types respond better to the challenges
posed by these barriers, and support policies should be tailored to take account of these
variations in target communities.

Many factors color an organization's ability or willingness to respond to technological
challenges and opportunities. Figure 6 illustrates how a simple three-fold scheme can be used
to characterize firns in terms of their responsiveness to technological change, and their
receptivity to government policies designed to stimulate the uptake and diffusion of
technology. The underlying premise is that the key elements determining receptiveness are a
set of technological capabilities (Technological Competence); a set of non-technological
capabilities (Financial and Managerial Capability); and factors indicating a willingness to
change (Attitude to Change).

Technological Competence

Firms with little experience of advanced technology are often less capable of
implementing technological change than those more familiar with hi-tech. Figure 6 only
distinguishes between firms with extensive experience and those without. Later in this report,
after the review of diffusion programs in OECD countries, we introduce more resolution by
differentiating between four categories of technological capability.4'

Financial and Managerial Capabilty

Over and above technological competence, there are many financial and managerial
factors which affect a firm's ability to implement technological change effectively. Sometimes
it is just a case of insufficient financial resources to ensure efficient adoption. In other
instances management structures or the caliber of key personnel are deficient.

41 We use the terms Research Performers, Technological Competents, Bootstrappers and Peasants for the
four categories. Fuller explanations are provided in Chapter V.
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Attitudes to Change

Irrespective of technological, managerial or financial competence, some firms are
intrinsically conservative and risk averse; others are innovative and ready to confront
challenges.

The descriptions of organizations in each sector of the 3-D matrix depicted in Figure 6
should be familiar to micro-economists. Going through the eight categories defined by the
matrix, it is possible to speculate on the types of policies most appropriate for each target
audience. For example, firms in Sector 5 are candidates for support programs designed to
upgrade technological capability in traditional sectors. Similarly, while high flyers in Sector 6
might not seem to require government support--they appear perfectly capable of doing things
on their own--they are ideal participants in demonstrator or exemplar programs to spread the
use of IT, showing how effectively it can be implemented. In contrast, firms in Sector 8 are
the kind of firms to benefit most from hand-holding consultancy schemes intended to help
firms manage change, and firms in Sector 2 are suitable targets for awareness schemes
designed to inform them of the benefits of IT and overcome their resistance to change.

Information Technology Policy Mechanisms in the U.K.

Governments in OECD countries employ a broad range of policies and programs to
promote the generation and use of IT. This section provides a framework for classifying these
policies and programs, and illustrates-through a case study of the UK-the usefulness of the
framework for understanding the IT policy context in individual countries.

IT-Specific and IT-Related Policies

The analytical framework42 characterizes IT policies along three dimensions. In the
first instance, policies are characterized as either IT-specific or IT-related. IT-specific
policies and programs are intended to further the production and/or use of IT goods and
services by enterprises. Examples of IT-specific policy measures are: research grants for
software development, programs for enhancing IT literacy, and incentives for adopting such
new information technology as computer-aided designing or manufacturing.

42 This framework was first developed during the course of a comparative review of government IT policies

for the UK National Economic Development Office (Guy and Arnold, 1987).
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In contrast, IT-related policies and programs are not aimed specifically at IT, but
nonetheless influence its generation and use. They include such general trade, industry and
technology policies as: competition policy, financial and trade liberalization, tax incentives to
industrial enterprises for upgrading products and processes, loan facilities for industrial R&D,
and programs to improve productivity and product quality of small enterprises.

Hands-On and Hands-Off Policies

With both policy types, the emphasis can be hands-on or hands-off, depending on the
degree of governmental direction. Hands-on actions usually encourage firms to follow paths
that coincide with the government's strategic priorities. Hands-off policies do not specify any
particular economic or technical development. With, for instance, incentives to promote
R&D, governments take no part in decisions regarding the type of R&D firms should
undertake. Allocation of loans or subsidies for specific R&D projects, on the other hand, are
hands-on measures.

IT Generation, IT Diffusion and Bridging Policies

Policies concerning IT can also be subdivided according to whether they are intended to
augment its production (IT Generation policies), enhance its use (IT Diffusion policies), or
link producers with users (Bridging policies). IT generation initiatives are primarily intended
to stimulate technological activity and develop indigenous IT generation capability. IT
diffusion measures are intended to encourage firms to acquire and apply new information
technology products and services. Bridging actions-intended to link the two, often via
attempts to improve cross-cutting policies and infrastructures-include macroeconomic
policies, technology and industrial strategies, government funding of the telecommunications
infrastructure, the improvement of physical and transport infrastructures, IT standardization,
education initiatives, and certain kinds of procurement initiatives.4 3 Figure 7 provides
examples of a variety of policy instruments concerning IT.

The IT Policy Matrix in the U.K.

Figure 8 complements Figure 7 by showing the range of policies and programs initiated
to support IT generation and diffusion in the UK in the early 1990s. It can be seen that a wide
variety of policies influence the generation and adoption of IT in the UK, many of which are
specifically directed at the IT sector (i.e. IT-specific policies). Some of these measures are
clearly hands-on-government has a direct influence on the growth path of the producers and
users of IT. It is also evident that IT-specific policies and programs in the UK include not just
measures for encouraging the generation of IT products and services, but also specific

43 Procurement policies can amount to bridging action when, on the one hand, procurement is combined
with government directives to purchase IT equipment from local sources, and on the other hand, IT suppliers are
given R&D support for generating that equipment.
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Figure 8. The IT Policy Matrix for the U.K.
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measures for enhancing the application of IT, as well as bridging actions linking IT producers
and users. Increasingly, diffusion is moving center stage.

The example of policies in the UK can be used to point out some provisos when trying
to depict or interpret policy distributions across the IT Policy Matrix. For example, one point
to note is that gaps in coverage across the matrix have to be interpreted with care. When
reviewing IT policies in a country, the most overt are naturally those that have IT as a focus,
i.e. IT-specific actions (e.g. 3, 8 and 16), followed by other highly visible programs for which
IT firms, amongst others, are eligible, e.g. R&D programs (2) and diffusion actions (14).
When gaps in coverage across the matrix occur, as in the lower right and left hand corners of
Figure 8, and in the central IT-related, hands-off , bridging zone, this is sometimes due to
notable absences, e.g. the UK does not implement R&D tax incentives in the lower left hand
zone. On other occasions it is due to the pervasive but subliminal existence of policies which
impact IT developments in an economy, but which do so in indirect fashion by shaping the
context of all economic activities. Fiscal policy and interest rate controls can be thought of as
hands-off macroeconomic actions which affect IT developments. Policies to develop transport
infrastructures can likewise be thought of as hands on, bridging measures necessary for
facilitating the interaction of supply and demand, in the IT sector as much as in any other
sector. The ubiquitous nature of actions such as these does not preclude their mapping on IT
policy matrices, but their inclusion-and almost all economic policies enacted by governments
could be included-would not aid clarity. That said, their presence should not be forgotten.
They are often key policies shaping the destiny of IT development and diffusion in a country.

Similar policies in different countries can occupy different parts of the matrix. In the
UK, for example, industrial and technological strategy formulation (13) is described as a
hands-off , IT-related, bridging action. It deserves to be called hands-off because of the
overall non-interventionist stance of the UK government. But in other national settings,
government strategy formulation overtly linked to implementation might deserve to be called
hands on. Procurement is another example. Defense procurement in the UK (6) is depicted as
spanning the IT generation, bridging and diffusion domains. This is because the maintenance
of an indigenous defense industry has been a strategic imperative in the UK, and much defense
demand has been satisfied by UK companies receiving government support. In other
countries, where there is little or no indigenous capability, defense procurement is a pure IT
diffusion action. Similarly, on the civil procurement side (9), direct 'Buy British' imperatives
would constitute a hands-on bridging action, but the reality-influencing purchasing decisions
via best-practice recommendations-warrants a hands-off label.

Similar functions or policy aims can be met by different policies or policy mixes. In
Figure 8, typical IT diffusion initiatives are (15) and (16), but it is also possible to think of
other initiatives as vehicles for IT diffusion. In one sense, collaborative IT R&D programs
which involve the transfer or diffusion of knowledge from academia to industry can be thought
of as diffusion initiatives. This would be trivial-mere semantics- if it were not for the fact
that it prompts the question: where does diffusion start? Answering this leads to the
conclusion that fostering diffusion requires the creation of enabling conditions or the
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elimination of bottlenecks downstream in the system from some of the more direct diffusion
policies: bottlenecks such as skill deficiencies, or the lack of indigenous software capabilities.
Governments actually operate policy portfolios. For smooth functioning, policymakers need a
broad understanding of the interdependencies of capabilities and technology in the economic
system. The correct policy mix allowing the use of IT systems in industrial practice to have a
significant impact over the performance of the economy often involves a combination of
policies spread across the IT Policy Matrix.

Policy Support for IT Generation in the U.K.

Specific UK policies to promote the development of information technology products
and services include support for collaborative R&D in IT, for basic research in IT, for human
resource development programs, for awareness programs, and for information services. In the
UK, the main agencies influencing the development and use of IT are the Ministry of Defense,
the Department of Trade and Industry (DTI), and the Department of Education and Science
(DES) (particularly through its Science and Engineering Research Council (SERC)). The
DTI's Information and Manufacturing Technology Division's budget for IT activities in fiscal
year 1992 was around UK£ 35 million, most of which was spent on collaborative R&D. The
DTI supports a broad range of collaborative R&D programs covering a multitude of
technological areas. British Telecom, now denationalized, is still the biggest actor in
telecommunications and an important influence on government policy.

Over the last decade, the UK has promoted civilian IT generation primarily through
collaborative research initiatives. Through joint R&D programs such as LINK, the DTI and
SERC actively engaged in linking industry and academia to develop IT products and services.
Some LINK programs were IT-specific, others involved related technologies and other
technological areas. Future LINK programs are likely to place a greater emphasis on cross-
sectoral activities and the involvement of SMEs, and a recent White Paper suggested that the
DTI focus more on industry-academia R&D collaborations than on industry-industry links.
Overall, a decline in funding for national funding of collaborative R&D is foreseen and UK
firms are being encouraged by the DTI to participate in the precompetitive R&D programs of
the European Community-such as ESPRIT or RACE.

Equally important are programs that provide research funding for basic research in IT.
The SERC funds IT research in higher education institutions and government research
organizations, and other Research Councils of the Department of Education and Science such
as the Economic and Social Research Council (ESRC) and the Medical Research Council
(MRC) provide funding in the human-computer interface area. One of the UK's largest IT
science policy initiatives so far has been the Information and Communications Technology
(PICT) program of the ESRC, which is exploring the interrelationship between IT and society.

In addition to IT-specific policies and programs, a large number of industrial and
technology policy measures promoting all kinds of advanced technology (such as new materials
technology, information technology, biotechnology or space technology) have an influence on
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the IT production sector. Such measures include a large range of R&D grants, subsidized
loans and other financial instruments, human resource-development programs, awareness
programs, and information services.

A large number of IT companies qualify for project support from DTI's SMART and
SPUR schemes and use it to develop new information technology. SMART is an annual
competition open to individuals or firms with fewer than 50 employees. It aims to stimulate
innovative and highly marketable technology. Entrants with the most commercially viable
ideas are awarded up to UKf 45,000 towards their first year development costs. At the
second stage of the competition, stage one winners are awarded up to UK£ 60,000 to make
their ideas ready for the market. SPUR is a scheme to help firms or groups with up to 500
employees develop new products and processes that bring significant technological advance to
the industry concerned. SPUR offers a flat rate grant of 30 percent towards eligible costs, up
to UK£ 150,000.

Innovative IT firms can also receive grants through regional development programs.
Under a program conducted by the DTI, for instance, firms with less than 50 employees
(including IT firms) in designated geographical areas are eligible for Regional Innovation
Grants which cover 50 percent of the agreed cost of an innovation project, up to UK£ 25,000.

Producers of information technology can also benefit from technology extension,
information, and awareness programs conducted by DTI. For instance, they can obtain
information on a regular basis through DTI's Overseas Technical Information Service (OTIS)
on technological advances in other countries. IT firms can also receive assistance from the
Overseas Science and Technology Expert Missions (OSTEMS) program of DTI, which
provides funding for UK experts to visit other countries to learn about advanced technologies.
Four major DTI research agenciesin particular the National Physical Laboratory-provide
scientific and technical services to help IT producers address technical problems.

The UK policy towards inwards investment also has a direct bearing on IT production.
By providing development grants and tax incentives throughout the 1980s, the government
made a concerted effort to encourage foreign firms to locate production and R&D facilities in
the UK A large number of foreign firms took advantage of these incentives.

Policy Support for IT Diffusion in the U.K.

The DTI is one of the UK's key institutions promoting IT adoption. Its Technology
Programs and Services (TPS) Division of DTI-formerly the Information and Manufacturing
(IMT) Division-funds many initiatives to promote a range of applications." These mainly
hands-on measures include 'club projects', technology demonstration projects, technology
education and training programs, awareness campaigns, and the promotion of such IT-related
standards such as Open Systems Interconnection (OSI). 'Club projects' generally involve a

Over the next few years, especially in the light of the emphasis given in the 1993 White paper to the
issue of technology transfer to enterprises, these are likely to command an increasing share of the DTI's budget.
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circle or a 'club' of potential users who sponsor, with government help, a supplier to
undertake a technology development or demonstration project. Although there is generally a
modicum of capability development, the emphasis is normally on diffusion or the stimulation
of demand for new technologies.

Some of the DTI's main information technology adoption schemes include programs
such as: (i) the Advanced Information Technology program, which promotes the business
benefits to be gained from key technologies such as knowledge-based systems, advanced
computer architectures, improved human-computer interaction and improved vision systems;
(ii) the Open Systems program, which provides information on the application of open systems
and their implications for IT flexibility, covering such fields as interconnection, standards,
security, protocol, portability and quality; (iii) the Advanced Sensors program, which provides
information on potential applications for advanced optic-, microelectronic- and bio-sensors in
products and processes; and (iv) the Manufacturing Intelligence program, which promotes
awareness of how knowledge-based systems can benefit manufacturing.

Prior to its abolition at the end of 1992, the National Economic Development Office
(NEDO) was trying to promote the idea of projects that use IT to help find solutions to social
problems, particularly in the areas of health and environment. While few such programs have
actually materialized, the DTI's DEMOS program promotes the transfer of technology--mainly
technology that has a broad potential to benefit the environment (such as waste minimization,
recycling and cleaner technologies). The government of the UK also provides encouragement,
but not financial support, for participation in European IT diffusion initiatives (such as ESSI).

To stimulate computer literacy, the government of the UK initiated a 'Computers in
Education' program in the late 1980s designed to further the use of computers in schools. The
effort was partially funded by government and partially by industry.

UK firms that adopt IT receive support from a large number of industrial and
technology policy measures. For example, DTI's Carrier Technology program is a five-year
program to transfer existing technologies (mostly information technology) from one industrial
sector to another in process-related industries. DTI also supports a number of hands-on
technology extension and consultancy services to help firms adopting advanced technology--
identifying, analyzing and overcoming their business problems. One example is the recent
establishment of a chain of 'One Stop Shops' around the country to provide high quality
business support services. In addition, the DTI is carrying out a new scheme for promoting
best-practice management in four key areas: production, purchasing, quality and design.
Many of the problems faced by industrial firms are technology-related, and a significant
proportion is associated with IT adoption.

Firms that adopt IT in the UK can also receive assistance from twelve Regional
Technology Centers that provide technology transfer services, training and expert advice.
These are funded by local business and receive some support from the DTI and the Department
of Education and Science.
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Government support is also available for participating in European technology transfer
initiatives such as SPRINT (which is not IT-specific, but has a high IT content) and VALUE
(which promotes the exploitation of the results of EC R&D programs, including ESPRIT and
RACE).

Bridging Actions in the U.K.

3.50 Policies and programs to link IT producers with users include: IT policy and strategy
formulation, public procurement, policies and programs for meeting IT infrastructural needs,
IT standards, legislation related to IT, regulatory policies, and the overall industrial and
technology policies of the country.

In terms of overall industrial and technological policy, the UK Government was
decidedly non-interventionist during the 1980s. Even use of the term 'industrial strategy' was
taboo. The 1990s, however, have witnessed determined technology policy attempts to
stimulate strategic thinking. The DTI introduced Five-Year Forward Looks for technology
spending, and the UK is currently undertaking a 'Technology Foresight' exercise to identify
key emerging technologies. These are discussed more fully in Chapter IV.

Over the past few years, there has been increasing concern in the UK to develop
strategies that nurture IT's scientific and technological base and to diffuse IT widely.
Accordingly, the DTI and the SERC constituted the Joint Framework on Information
Technology (JFIT). This brought together the support for IT provided by both bodies. JFIT's
strategy was formulated by the Information Technology Advisory Board, which also advised
DTI and SERC on their individual and joint activities and programs. The Joint Framework
sought to maintain the UK's excellence in world-class IT research, while concentrating on
areas relevant to the domestic economy. It supported the exploitation of the results of IT
research, stimulated users' awareness of new technologies, encouraged wider use of IT, and
helped develop competitive products and systems to meet user needs. The Joint Framework
also supported the development of the surrounding IT quality and standards environment, the
provision of trained manpower, and an open and competitive market.

The UK government spends a considerable amount on defense procurement, including
the development, manufacture and purchase of IT-related equipment. As supply rises to meet
demand, IT sales and indigenous capability also rise. Just in terms of R&D expenditure, the
Ministry of Defense spends $3.5 billion per annum, and over $1.5 billion is likely to be IT-
related.

The UK government also procures IT for civilian purposes. A Treasury advisory
committee known as the Central Computer and Communications Agency (CCTA) is entrusted
with the task of developing Government OSI Profiles (GOSIP)-- 'packages' of OSI standards
which guide government purchasing decisions. While government Departments are advised to
follow CCTA guidelines, there is no longer any overt 'Buy British' policy.



47

Compared with other OECD countries, the UK government is not a major source of
funding for infrastructural investment in IT. For example, decisions taken in the late 1980s
led to private rather than public funding for the development of a cable infrastructure. The
government does, however, support high speed computer networks in the university sector,
although less extensively than in the USA.

As with other OECD countries, the UK's standards initiatives are designed to enhance
IT diffusion prospects. Much effort is devoted to harmonization with international
(particularly European) standards. Many standards actions in the UK are influenced by DGIII
and DGXIII of the EC--currently the most important actors on the European stage. The body
primarily responsible for IT standards is a semi-autonomous unit of the British Standards
Institute (DISC), which is the national interface with the European Telecommunications
Standards Institution (ETSI). In the DTI, an Open Systems Unit has been established to
ensure that the further development of IT standards receives coordinated and dedicated
assistance to meet the business needs of UK industry and commerce. It is active in the areas
of Open Systems standards development, conformance testing, longer term research
requirements in support of IT standardization, and technology transfer.

The major legislation affecting the IT sector during the 1980s concerned the
privatization and liberalization of telecommunications and the establishment of the Office of
Telecommunications (OFTEL) as the official regulatory watchdog for telecommunications in
the UK. Following the Duopoly Review in the early 1990s, cable franchises can now operate
their own switching services, freeing them to compete openly and directly with British
Telecom.

In the sphere of IT regulation, the Patent Office, an Executive Agency of the DTI, is
the UK's main government agent for monitoring intellectual property rights. There has been
considerable activity of late concerning the patentability of inventions based on computer
programs. A 1977 Act of Parliament specifically excluded computer programs from being
patented. But in 1989 a court decision held that an invention which includes a computer
program is patentable if the whole involves a technical advance. It is therefore clear that there
are many circumstances in which patents can be obtained where computers and computer
programs are part of a technical process. It is also clear that it does not matter whether the
technical process is internal to the computer (for example, an operating system program which
produces technical improvement in the way in which the computer operates) or external to the
computer (as in a computerized process-control system). With patents for computer program-
related inventions no longer invariably ruled out, patents can play an important role in the
protection of at least some software-based inventions as a complement to the protection given
to computer programs by copyright law.



IV. NATIONAL INFORMATION TECHNOLOGY
POLICY PORTFOLIOS

The next three chapters move from the conceptual to the concrete, in which the
frameworks developed earlier are used to review experiences in the OECD countries.
Chapter IV examines the important role of hands-on programs, but concentrates on an
overview of major policy developments. Detailed coverage of national policies is
provided in Appendix 1. Chapter V covers hands-on programs, where policies
reviewed are classified into different categories with a view to illustrating the main
features of each policy mechanism. Details of individual programs are provided in
Appendix 2. All programs are then discussed within the analytical framework
developed in Chapter III, and a case is developed for combining programs to address
specific policy problems or user needs. Chapter VI develops some rules of thumb for
policymakers formulating and implementing IT diffusion programs.

Information Technology Diffusion and the Policy Portfolio

The main elements of OECD countries' national IT policy portfolios have varied
in importance in the last 10 to 15 years, reflecting economic need, national strategy and
political expediency. In the first half of the 1980s, following MITI's VLSI Program
(1976-79), OECD industrial policymakers were impressed yet concerned by Japanese
successes in semiconductor markets, particularly by the launch of the Fifth Generation
Computer project in 1981. To counter the perceived competitive threat, reactive
policies in other OECD countries focused on the IT generation (production) side. This
reinforced the European tendency to subsidize their own 'national champions' in
computing (Bull, Siemens, ICL) in the belief that this industry was in some ill-defined
way 'strategic' .

IT diffusion actions were in place during this period, but they commanded
modest resources and limited attention. In the latter part of the 1980s, however, the
policy focus shifted increasingly to the diffusion (use) side. Many policymakers may
have felt that enough attention had been given to enhancing technological capability,
and that it was time to focus on exploitation. This kind of ,political reasoning
symptomizes the difficulties of communicating the logic of technology policy to the
ministerial level. In a number of cases there was a strong feeling that IT generation
had been 'done' and it was now time to ensure that the expected tide of IT innovations
resulting from supply-side programs was 'pulled through' to the market. This is strong
testimony to the persistence of 'technology push' ideas about innovation--the notion
that doing more science or technology 'causes' more invention, innovation, and wealth
creation. This notion contradicts industrial experience, has been refuted by expensive

45 The French position was, perhaps, more logical than that of the others, since U.S. officials
refused at one point to sell top-of-the-range mainframes to the French nuclear weapons program.
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policy fiascoes such as Concorde. It has been alleged in the innovation literature by
Rosenberg and Mowery in 1978,46 who pointed out that successful innovations occur
when user needs are coupled by the market to technological opportunities. Neither
'technology push' nor 'needs pull' will do the trick unaided.

At the policy level, there was increasing realization of the importance of
diffusion. The OECD's 1988 Science and Technology Policy Outlook argued that
diffusion-namely, the spread and adoption of innovations-produces most of the
economic benefits of a new technology.

"For example, the wide-spread adoption of an advanced computer or a more
productive industrial process would normally yield far greater benefits to the
economy as a whole than would accrue to the innovating firms which developed
them. Obviously, technology development is a prerequisite; without it there is
nothing to diffuse. However, there is relatively little economic benefit from
new technology, per se, unless and until it is effectively and widely applied
elsewhere in the economy." (Brainard, Leedman and Lumbers, 1988)

The Science and Technology Policy Outlook reached three significant
conclusions:

* Technology development and diffusion are of considerable potential economic
importance, with diffusion offering particularly large benefits.

- Technology diffusion involves more than the simple introduction of new
machinery into a firm. Additional measures, such as reorganizing production
and management processes and upgrading skills, may be necessary to capture
economic value from the investment in technology.

* Although producing technology may not be necessary to reap its benefits,
diffusion is essential to maximize potential national economic returns.
Realizing the benefits of diffusion, however, may depend on broad social and
institutional changes, which could present severe obstacles.

The second point about the complexity and difficulty of the diffusion process is
particularly interesting, suggesting an important common experience that has emerged
from diffusion efforts: that a firm's capabilities can present a greater obstacle to
diffusion than the nature or the availability of technology. This realization has led to
the recent focus on company capabilities-especially SME capabilities as enabling
factors for diffusion.

46 D.C. Mowery and N. Rosenberg, "The Influence of Market Demand Upon Innovation: A
Critical Review of Some Recent Empirical Studies," Research Policy, 8 April 1978.
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Hands-on policy involves the bureaucracy (or contractors working for it) in
specific, developmental actions. Usually, choices have to be made among firms
wanting support, subsidy, or advice. Because of this, the standard criticism of hands-
on policies is that "bureaucrats can't pick winners". Hands-off policies are regulatory
in character. They try to abstain from taking firm-specific decisions but define general
rules designed to modify market behavior in a desirable direction. They are liable to a
different criticism: that it is difficult to make market-distorting rules that do not have
unexpected and pernicious side-effects.

The boundary between hands-on and hands-off policies is inevitably fuzzy in
practice. For example, liberalization policies in telecommunications appear at first
sight to be hands-off, but usually involve government in the hands-on business of
regulating various operators and issuing licenses to control the number of entrants,
prevent foreign domination, and exclude fraudulent users from the industry.

Few in the OECD countries take the position that everything is for the best in this
best of all possible worlds, and that the state should do nothing at all in the field of
industrial or technological policy. Politically, there tends to be a preference for hands-
off policies that minimize the role of the state bureaucracy and often have the advantage
of being cheap (meaning that the state forgoes revenue rather than creating additional
expenditure). In practical terms governments are driven into hands-on actions by
specific policy concerns such as employment and competitiveness. These are generally
perceived as temporary interventions to correct specific market imperfections, but a
growing school of thought views the need for some hands-on policies as structural and
permanent, especially in the area of support for small firms.

Country Policy Portfolios

The countries studied here differ little in the balance of their efforts between
parts of the IT policy portfolio. Variations in the degree of support for generation
through research appear to be explained by countries' respective levels of strength in
the IT industry. Full reviews can be found in Appendix 1.

Canada enjoys a modem economic infrastructure that makes 'extensive use of IT.
Northern Telecom is a global telecommunications equipment supplier, and telecoms
play a central role in the structure of the Canadian IT industry. The government
focuses significant research-oriented funding effort on the IT sector, complemented by
hands-off efforts such as tax breaks for research and development. IT diffusion support
tends to be available through hands-on general technology capability programs rather
than through IT-specific programs. IT policy is made largely by three agencies: the
National Research Council Canada (NRCC); the Information Technologies Industry
Branch of Industry, Science and Technology Canada (ITIB/ISTC); and
Communications Canada.
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Germany was one of the earliest countries to industrialize and has particular
strength in electrically- and mechanically-based industries. Policy involves both the
support of IT industry and helping electrical and mechanical industries adopt IT.
Despite its position as the economic hub of the European Union, it has been slower
than some member countries to liberalize the financial and telecommunications sectors.

Telecommunications prices have been high and service penetration comparatively
low in recent years, although the limited liberalization to date appears to be releasing
some pent-up demand. Siemens is the 'national champion' in the IT industry, and the
government has had a strong interest in subsidizing IT research for many years. A
comparatively strong tradition of IT diffusion policy dates back to the early 1980s,
involving a mixture of hands-on and hands-off programs, with hands-off methods
playing an increasing role. Both sector-specific and general approaches are used, so
Germany probably has a more complete coverage of the IT policy matrix than other
countries. Technology support institutions have increasingly specialized in IT
development and diffusion, and have traditionally played a major role in diffusing
technological advances in major industrial sectors (Box 4). While the Ministry of Post
and Telecommunications retains control over telecommunications, the Ministry of
Research and Technology (BMFT) is the major actor in IT policy.

Box 4
Technology Support Institutions

Technology development and diffusion programs in a country are built on the institutional
infrastructure that supports technological deepening and. In turn, technology support institutions (Tls)
are shaped over time by national technology policies and programs, and by the broader environment.
Contrasting the Tls in the United Kingdom and Germany may illustrate the point.

In UK, early TIs with a primary focus on providing technical support to industry were called
research associations. They were a joint government-industry effort to promote pre-competitive research
and to provide technical services. They were created after World War I to counteract the perceived slow
growth in British technology development. Over the past two decades, government has reduced its
funding to these institutions and now research contracts with government departments do not exceed 15
percent of the income of TIs. Recent policies have tended to force TIs into extremes: public TIs into pre-
competitive research, and private Tls into commercial services. TIs with an applied technology focus
have not been able to incorporate adequate services in the new technologies such as information
technology. Also, few new TIs have been developed in recent years. The lack of new choices for
industry may have constrained opportunities for enterprises, particularly small-scale enterprises, to
diversify sources of technological information and services.

By contrast, Germany's TIs continue to evolve and move into new technologies and practical
support. The German versions of the UK's research associations were created only in the 1950s. These
associations are now larger in number, smaller in size, and more focused than their UK counterparts.
They are often in proximity to vocational training and practical educational institutions. Other TIs
include the Fraunhofer institutions, formed by industry and the state to carry out applied research and to
solve practical industrial problems. They are required to earn a share of their revenue from clients.

(cont'd)
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Box 4 (cont'd)

They tend to specialize in applying a new technology to a range of industrial sectors. Their top managers
often have dual appointments as university professors, thus remaining in touch with technological
advances. About half of these institutes focus on information technology (including automation and
microelectronics).

The German Tls are dynamic, and new institutions are created each year in response to new
technologies and demands. They are key instruments of technology policy implementation. They
overlap and compete, thus allowing choices to users. By joint funding from government and industry
associations or contract R&D, their incentive structures are designed to balance long-term capability
development with short-term demand-driven services.

Japan has emerged as one of the major global IT players in the past twenty
years, with some of the world's largest and most powerful telecommunications,
computing, and consumer electronics companies. The support policies of the Ministry
for International Trade and Industry (MITI) and the Ministry of Post and
Telecommunications (MPT) undoubtedly helped shape the early stages of this industrial
development, but recent government policies have been less overt and arguably less
influential. The broad span of policy mechanisms implemented by government remains
a key feature of the Japanese industrial-technology policy system. Mechanisms have
traditionally included generation-side initiatives such as R&D programs and diffusion-
side initiatives such as automation in targeted industries. Despite minor reorientations
and shifts in emphasis over the years, the variety of mechanisms used has remained
rich.

Contrary to much technology policy folklore, Japan's comprehensiveness has not
always gone hand-in-hand with coherence. Policies with goals similar to those initiated
by one part of the government bureaucratic machine have often been introduced by
other parts in ignorance of their counterparts. Although this seems regrettable from the
standpoint of bureaucratic efficiency, it does offer firms a plurality of support
mechanisms, which they are quick to adopt through 'mix and match' strategies. The
downside is that once firms enter a policy program, Japanese cultural traditions make it
difficult for firms to withdraw if the expected benefits do not materialize. MITI and
MPT remain the main government support agencies.

Ireland is in the course of rapid industrialization. Post-war policy was to
promote 'infant industry' development behind high tariff barriers, but since Ireland
joined the European Union in the early 1970s, industrialization has been promoted
through foreign investment. Despite grant aid, the Irish-owned manufacturing sector
has been losing employment. As a result, the policy focus is changing: foreign
investors will still play an important part in industrial development, but more emphasis
will be laid on improving the economic environment and the capabilities of Irish
companies.
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Partly with EU help, the telecommunications infrastructure has been overhauled
in the past decade. Dublin is establishing itself as a small but flourishing node in the
international financial services industry. With little domestically-owned IT industry,
funding IT research is not as high a priority in Ireland as elsewhere, although some
R&D takes place within the university sector and at two national centers. IT diffusion
is handled in a mixture of IT-specific and general programs aimed at improving
national industrial capabilities. These are largely hands-on programs. A mixture of
tax-incentives and grants continues to attract and retain multinational investors. The
major policy actors in the past have been the Irish Development Authority (IDA) and
the Ministry of Industry and Commerce (now Industry and Employment), through its
agency EOLAS, the Irish National Science and Technology Agency. Industry and
technology programs are currently being reorganized.

Ireland is giving increasing attention to the software industry, utilizing a variety
of traditional and new policy instruments, and capitalizing on relatively highly educated
but low-cost manpower to supply competitive software services to local subsidiaries and
their parent multinationals (Figure 9).

While a large proportion of the Netherlands' GDP is agricultural, the country's
long mercantile and imperial history helps explain the highly developed financial,
economic, and governmental infrastructures. With Philips as the 'national champion'
in electronics, considerable research support is oriented to the supply side, although
efforts are being devoted to diffusion and raising the capabilities of SMEs, largely
through hands-on programs. While the major national IT program of the 1980s (INSP)
was inter-Ministerial, the Ministry of Economic Affairs is the major policy actor in the
IT field today.

Sweden has a strongly telecommunications-oriented domestic IT industry
centered on LM Ericsson. The state is a major player in that it owns the dominant
telecommunications services company-Swedish Telecom. Both are extraordinarily
dynamic companies, compared with others in their industries. The partnership between
Swedish Telecom and Ericsson extends to shared ownership of an R&D company that
develops Ericsson switches. Telecommunications had never been a monopoly in
Sweden, although historically the government encouraged Swedish Telecom to buy its
competitors. As a result, independent regulation was introduced only recently,
prompted by the entry of a second telephone company. The structure of Swedish
telecommunications has meant that the state has been able to have a major influence on
IT research through co-ownership and developmental procurement. Sector-oriented IT
funding focuses on research, although programs often have a dissemination component.
IT diffusion programs have been funded relatively little compared with the scale of
support for IT generation programs. Considerable industrial and technical development
activity takes place at regional levels, but rarely focused on IT alone. Relevant policy
actions in Sweden tend to be hands-on. The major actor is the National Board for
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Industrial and Technological Development (NTEK), an agency of the Ministry of
Industry and Commerce.

Figure 9. Elements of Ireland's Strategy
.......... .. ..; ;..... . .. . .

.Institutions: . . Policis: -
-.* National software directorate * Intellectual Property-
* Software industry association . Rights-

............... -................. G . P.oc.ure
.,~ ~ ~~ ~~~~~.... ............ ...-..

, GenerationDifso
_ _ - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . .-

Recruiting IT Multinatrionals rr Diffus ion
.* Recruit IT hardware producers and .* Promote local-multinational links

. information services users :-* Awareness for sectoral users
.. * Localize software development of i In.................. formation services for regional

multinationals development

4 ~~~~~~~~~~~~~~~* Advanced manufacturing technology

* Software products .
* Collaborative R&D

. ~~~~Government computerization
.Software and services promotion - * Local government computer services
* Multinationals as distribution channels .board

-a* Incentives for software export :.~* f *

* Software technology parks-,i
:* Innovation centers.
* Developing software enterprise

... managers -
* Qualitv and marketing assistance .

| s ~~~~~Bridging,

" .2a :C::..:.:.:.:: ...:: . :- .::.:..:f: .:..:.:.:. . .-.: .- . ...... ... ............ ..................

:* Software engineering education ff;f * Specialized venture capital f3telecommunication .
ff* IT in business education 3 v-* Pilot financial products -3 
.. * Distance IT education Diffusion

...* Regional training centers . . ..

* Recycling unemployed into IT

I~~~~~~~~~~~~~~~~~~~~wrns fo setrl user



55

The United States has arguably the best-developed economic infrastructure and
IT industry in the world: highly automated banking; a liberalized, progressive, low-cost
telecommunications system; and globally-dominant computer and telecommunications
equipment manufacturers. Federal policy has been focused on research and the supply
side, with defense playing a major role. Programs have been rarely sector-specific.
Diffusion policies are found primarily at the state level in the form of various
'industrial extension services'. R&D tax breaks have been used as hands-off measures
in the past. The National Science Foundation (NSF) and Department of Defense are
major policy actors for research. In particular, NSF has promoted early
computerization in higher education and university research--a key entry to IT diffusion
and computer literacy--through successive cost-sharing programs for mainframes,
supercomputing, and high-speed information highways. The National Institute for
Standards and Technology (formerly the National Bureau of Standards) has been the
major federal actor for diffusion, operating through general mechanisms such as the
Advanced Manufacturing Program.

Recently, the United States has been rethinking its stance on technology policy
and on targeting the diffusion of information technology as a key to national
competitiveness. The basic thrusts of the emerging national technology agenda include:

* Building a national information infrastructure (NII) through: a package of
legislative or regulatory reforms; demonstration projects and cost-sharing
programs; and standards-setting.

- Re-orienting public R&D and technology transfer programs and institutions
to emphasize generic technologies, set priorities for funding and diffusion,
and promote dual-technology development under the defense budget.

- Stimulating private R&D through incentives and cooperative research.

* Promoting IT applications in the education and health sectors.

* Substantially expanding industrial extension programs, particularly for
SMEs. Government has been recently engaged in an active dialogue with the
private sector on these initiatives and a rigorous private sector response
seems to be forthcoming.

The United Kingdom supports IT R&D with grants and subsidies. During the
1980s, there has been a swing toward hands-off liberalization in telecommunications
and advisory roles in public procurement. More recently, there has also been an
increasing emphasis on diffusion. So marked has been the swing toward diffusion that
it is now difficult to say that the UK has an overt IT policy. The current emphasis is
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Figure 11. IT-Related Specific Projects in the SPRINT
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much more on support measures that focus on the resolution of business problems,
particularly in the SME sector. The intention is to support IT diffusion only if it
constitutes a solution to these business problems.

European Commission policy is also gaining a diffusion orientation (Figure 10).
Early programs in the 1980s focused on R&D. ESPRIT, for example, was the major
IT R&D program, and RACE was concerned primarily with telecommunications R&D.
Other R&D programs such as BRITE spanned advanced manufacturing technology and
were exploited by IT companies among others, and the Telematics program was
concerned with strengthening telecommunications infrastructures in the less favored
regions of the Community. VALUE and SPRINT were diffusion-oriented programs set
up in the mid-1980s. The VALUE program aimed to promote diffusion and
exploitation of results of Community R&D programs. SPRINT was designed to
strengthen the technological infrastructure and aid the spread of good technology
practices across the Community, irrespective of source. Many technologies dealt with
by SPRINT are IT-related. For example, of the 40 Special Projects initiated by
SPRINT--experiments in how to conduct technology transfer from one region or sector
to another--31 can be classified as IT-related (Figure 11). The focus on diffusion also
seems to be increasing in the 1990s, for example, the European Systems and Software
Initiative (ESSI) is directly concerned with the spread of software engineering practices
across Europe.

Trends in National Policy and Program Portfolios

The OECD countries that are studied here share many characteristics. By and
large, the government bureaucracies are reasonably efficient and well supplied with the
computing and telecommunications needed to be effective. Good qualitative and
statistical pictures of the economy are available to policymakers. Money is generally
available to pay for necessary programs, and the economic infrastructure is good. The
banks are computerized and efficient. The introduction of competition into
telecommunications is reinvigorating systems that were already advanced by global
standards. Most of the infrastructural deficiencies in IT capability and availability
experienced in developing countries are no longer issues in the OECD area. Ireland
has been an exception but has rapidly moved towards the OECD norm in the past few
years.

All the countries reviewed here have developed generation-side policies in
support of national IT industries. Some have had large-scale, high-profile national IT
sector programs (Informationstechnik in Germany, INSP in the Netherlands, IT4 in
Sweden, Alvey in the United Kingdom). All have collections of sector-specific
technology development programs.

The GATT process, the gradual integration of the members states of the
European Union, and a broader, global convergence in policies tend to reduce the
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scope for using certain traditional policy instruments such as trade barriers, infant
industry policies, public procurement and outright subsidy in pursuit of IT policy goals.
Hands-off actions are often seen as more desirable than hands-on, but in practice all the
countries operate a mix. The shift in emphasis from generation to diffusion policies
entails a shift within the hands-on category away from 'picking winners' on a grand
scale (for example, by supporting 'national champions') and towards setting criteria to
define categories of eligible program participants. The shift in IT policies is consistent
with the changing industrial policy context of OECD countries (Boxes S and 6). This
shift is not complete and does not imply government withdrawal from promoting the IT
industry (production); it is only one of redressing the balance to ensure realizing the
benefits from IT innovation and local technological capabilities.4 7

Box 5
The Changing Industrial Policy Context

Over the last decade, industrial policy in OECD countries has gradually moved away from

measures in support of industries in decline or aimed at stimulating promising industries by picking

winners. Some convergence has been reached around a set of principles that favor policies which are

market-correcting or market-enhancing, aimed at specific market flaws, or at promoting industry

generally, in particular the R&D, labor, and infrastructural inputs available to industry.

Broadly speaking, it is possible to identify three different approaches to industrial policy,

reflecting three different types of market economies. In the first type, resources are directed by short-

term market signals. Policies tend to be hands-off, with a strong emphasis on increasing competition. In

the second, resources are directed by market transactions conducted within long-term relationships.

Governments here tend to be more actively involved in industrial development, sometimes by explicitly

targeting particular industries, but more often through implicit agreements on common objectives. In the

third type of economy, resources are directed by short-term market signals, sometimes by longer-term

strategic variables, and sometimes by government. Policy tends to reflect a mix of objectives.

In recent years, OECD countries have converged on policy measures which do not interfere with

the market process and instead attempt to improve its mechanisms: a market-oriented industrial policy.

One group of measures aims to promote industry generally, mainly through improving the inputs

available to industry. They include R&D subsidies, investment tax incentives, measures to upgrade skills

and improve infrastructure, and the provision of consulting and information services. The other group

has adopted a more strategic policy approach, directly aimed at correcting specific market flows or

improving the functioning of the market. Such market enhancing policies include those to counter

disincentives to R&D (because of inappropriability), to capture training externalities, diffuse new

techniques, alleviate information asymmetries, prevent monopoly or enforce property rights.

Important differences remain. These tend to center around issues such as the appropriate role of

government intervention in the restructuring of declining industries, and the scope of policy measures to

support particular industries or technologies considered to have high growth potential. Industrial policy

is making a come-back but in changed form.

Source: OECD, '1992 Annual Review of Industrial Policies.

47 Witness, for example, U.S. government recent decision to devote $600 million for R&D for

flat-screens.
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Box 6
The Changing Industrial Policy Context:

OECD Country Examples

In the early 1990s, OECD governments have been attempting to boost physical and intangible
investments through a range of measures: incentives to physical and intangible investments, selective
incentives for investment by SMEs in computer-controlled equipment (which have a large potential to
reduce capital requirements of activities by encouraging efficient organization), improving
communications infrastructure, reforming education curricula and making education and vocational
training more responsive to market forces, and expanding incentives to firms for training. The scene is
also being set for major changes in R&D in the USA and the EU, to support commercially-oriented R&D
and to focus on information technology and the communications infrastructure.

Canada, for example, adopted in 1992 a 'whole enterprise' strategy for the acquisition and
diffusion of technology. Examples of programs under the new policy are: the Advanced Technology
Applications Program, creating a national industrial extension system, and building a national 'electronic
highway' known as CANARIE (Canadian Network for the Advancement of Research, Industry and
Education). Other programs supporting intangible investments are designed to: increase firms'
awareness of worldwide supply of transferable technology available through licensing and joint ventures,
the Japan Fund to expand science and technology collaboration with Japan, the Technology Opportunity
Showcase program to promote interactions between Canadian business with Canadian and foreign
technology specialists, and a Market Intelligence Service to provide competitiveness trends to Canadian
businesses.

Recently, a series of consultations were carried out by various government departments with their
respective client groups. The groups indicated that the development of more effective sectoral
partnerships (among business, labor, government, and other key players) was key to competitiveness.
The consultation groups are undertaking a variety of private sector responses, such as increased
investment in R&D, the development of a life-long learning corporate culture, and the cultivation of an
international competitive focus. Sectoral campaigns are underway to improve the competitive position of
selected industries where analysis indicates that significant benefits may be expected, e.g., environmental
industries, medical devices, software products, advanced manufacturing technologies, and
microelectronics. Comprehensive policy and regulatory reforms are also underway in
telecommunications.

In Germany, the federal government seeks to improve the competitive potential of companies
through, among other things, the development and broad dissemination of technologies whose
significance reaches beyond the individual industry sector. The 'Technologies of the 21st Century'
program is one example. Another program, 'Information Technology 2000', sets out initiatives in
information and communication technology up to 1996. Programs to strengthen the innovation capacity
of SMEs involve, among others, promoting knowledge and technology transfer through support for data
bases and the dissemination of specialized information. For the new Linder (East Germany), support
programs include: assistance to restructure public R&D institutions, encouragement of joint research in
industry, advisory and training services to SMEs and assistance in the creation of new firms. The
government is also supporting the establishment of a nationwide network of counseling centers in
technology transfer, and cost-sharing for training and job-creation schemes.

In Japan, most programs in support of technological development are managed by a MITI
subsidiary, the Agency for Industrial Science and Technology, which often subcontracts the required
R&D to secondary contractors, usually consortia. Examples of such programs are: the Large-Scale
Project for promoting national priorities in R&D, particularly generic technology; R&D in medical
technology. Other priorities include international cooperation in research on 'intelligent'

(cont 'd)
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Box 6 (cont'd)

manufacturing systems, such as integration and standardization of existing manufacturing technologies
and development of production systems for the 21st century.

In the United States, the FY 1994 budget called for increased long-term investment in key
technologies and improved collaboration between business and government to expand high-skilled job
opportunities and enhance the competitiveness of US firms. Measures includes incentives for R&D,
facilitating the development of a new generation of automobiles, supporting the introduction of computer
and software for education and training in schools and businesses, and investment in a national
information infrastructure. Special emphasis is given to high-performance computing, advanced
manufacturing technologies, and the rapid introduction of new communications technology. The budget
supports an Advanced Technology Program which shares with US industry the cost of developing
potentially significant high-risk generic technologies. It promotes a Manufacturing Extension
Partnership, to provide technical assistance to SMEs.

Perhaps the most visible US technology initiative is one to promote the development of an
information super-highway or national information infrastructure. A task force has been created to work
with the Congress and the private sector to reach consensus on the policy changes needed for the
accelerated deployment of a national information infrastructure. The Commerce Department's National
Telecommunications and Information Administration (NTIA) will fund networking pilot projects through
grants to non-profit entities to demonstrate the benefits of networking. The Commerce Department's
National Institute of Standards and Technology (NIST) will also help accelerate the development and
deployment of high-performance computing and communication infrastructure through a variety of
programs. These are designed to: establish advanced manufacturing systems and networking testbeds to
demonstrate technologies for the 'paperless' factory of the future; develop telecommunications standards
and coordinate with standards applicable to computers; develop advanced software and electronic
libraries; finance trial projects using telecommunications in connection with education and health
services; and assist industry in developing the hardware and software necessary to advance technologies
in health care and educational. These initiatives are based on the view that efficient access to information
is crucial for all parts of the American economy, and that an advanced conumunication system would
constitute a critical tool around which many new businesses can develop.

Source: 'Industrial Policies in OECD Countries,' Annual Review, 1993, OECD.

approaching a perfect 'recipe' at either the portfolio or the program level. Countries
seem increasingly to appreciate the virtues of a policy system with multiple
complementary actions, some of them IT-specific, others cross-sectoral.

In some countries--for instance the Netherlands, Sweden, Canada and Germany--
social applications of IT have been a major driver of IT diffusion programs, such as
making information and communications available to less developed regions, or using
IT for such things as education and health services delivery, energy conservation and
environmental management. In most other countries, the main driver has been
industrial policy and global competitiveness.

National differences in the policy mix may be attributed to differences in
industrial structure, the presence or absence of a defense industry, national champions,
social policy, and the historical development of R&D and intermediary institutions.
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The roles of provincial or state governments and regional development policies
vary significantly. In Germany, and to varying degrees in the United States, Japan and
Canada, these roles are extremely important, particularly for assistance to SMEs and
the development of technical manpower and technology parks.

Public sector roles in developing an IT infrastructure, particularly
telecommunications, also differed significantly. In some countries, such as the United
States and the United Kingdom, it is mainly regulatory. In others, such as France,
Germany, Canada and Ireland, government has been an active investor and promoter,
but the trend towards increasing private sector participation in investing and competing
in this infrastructure is clear in all OECD countries.

There is a common policy shift towards diffusion, in some cases because of tight
budgetary resources. Generation-oriented programs had devoted significant resources
to national champions, basic R&D, and large strategic projects. Diffusion-oriented
programs do not always require such substantial budgetary resources. This shift toward
IT diffusion is recent, and most countries seem to have difficulty in implementing it,
with generation programs still commanding the larger share of the budget. A user-
oriented IT policy is more difficult to implement because it requires coordination across
ministries and disciplines. It also necessitates reaching a large number of small to
medium user firms and changing management practices in user enterprises--both
difficult tasks. Governments are engaged in developing the infrastructure for
technology transfer and best-practice support and in adapting to the specificities of their
national circumstances.

This policy shift towards diffusion also runs against some 'ideological' barriers.
Diffusion-oriented programs often involve selectivity and direct intervention, rather
than assuming that markets and users know best. This shift implies a strategic or
catalytic role for government as a launching consumer, as an organizer of pilot
experiences, and as a promoter of interaction between IT producers and consumers.
Increasingly, OECD govemments are interested in exploiting IT knowledge produced
in R&D institutions, and in using IT applications more widely to promote
competitiveness and social development. The most pronounced and recent shifts
towards diffusion emphasis are in the United Kingdom and the United States.

In most OECD countries, SMEs are a priority target group for diffusion
programs (Box 7). Supporting SMEs with technology and business management skills
is now recognized as a generic need. Govemments recognize this and intervene with
'industrial extension services', which ideally comprise complementary ingredients:

A diagnostic function, helping SMEs identify their major problems and
outlining solutions; examples include AMTAP in Canada and NTAP in Ireland.
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Box 7
Who Needs Collective Support Systems Most?

Empirical studies in both OECD and NIC countries (Levy, 1994) suggest that the benefits from
public and private support systems vary with an SME's endowments, the country's profile in the export
marketplace, the maturity of the target industry, and the complexity of the technology.

Countries, subsectors, and firms which lack access to pre-existing private networks, demand
collective (governmental, business association and NGO) interventions and support systems.
Technological learning is facilitated by a firm being embedded in an 'information-rich' environment; in
Japan, strong vertical and horizontal inter-firm relations drive the technology acquisition process. Where
such endowments are limited, as in most developing countries, activist strategies at both the firm and
collective level are necessary to overcome technological isolation. Similarly, in the initial period of
export market penetration of a new industry, transaction costs are high and collective support systems
play an important role. As the number of SME exporters increases, the transaction costs of linking into
export narkets progressively decline and this cumulative process reduces reliance on public support
systems.

Demand for collective support is also higher the newer the technology, and the more complex
are the technological requirements of production. 'Broad-based' support mechanisms, contribute to an
'information-rich' environment, leaving it to firms to judge what information might be most useful, and
how it might be adapted to a firm's specific needs. Broad-support systems are most relevant to
traditional and less technologically-demanding activities. But as industrial development begins to
encompass technologically complex activities, countries have also established 'high-intensity' technical
support.

These lessons of experience are most relevant to the adoption of new and generic technologies,
such as IT.

* Implementation support through the same or related cost-sharing schemes.

* Support services for SMEs that can identify specific needs but for which a
solution may be out of reach, either financially or as a result of
indivisibilities. Examples include IRAP in Canada, AMT in Ireland, CIM-
Fertigungstechnik and recently the BMFT Quality program in Germany, and
a host of quality consultancy programs.

Until recently, the novelty and unexplored potential of IT have induced the
development of IT-specific programs and innovations. But with the increased IT
content in all types of production processes, products, and services, a large share of
industrial and technology programs is de facto directed at IT. Innovative programs
continue to be developed and added to the policy tool kit. An example is the
development of foresight function in the UK as an instrument to identify and promote
emerging generic technology for targeted research, and as a process to stimulate
partnerships between various actors. Another is the organizing of 'consensus
conferences' and other strategic exercises to link technological effort more clearly to
societal demand and priorities.
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Government and Strategy

Most of the policies discussed have their intellectual and policy roots in the 1980s
(prompted largely by MITI's Fifth Generation Computer program), when
telecommunications was a closely-guarded state monopoly almost everywhere except
the USA. Generally, Ministries of Industry have tended to concern themselves with IT
diffusion. Telecommunications has rarely been considered then as a part of IT
diffusion policy, and bureaucratic separation from Ministries of Post and
Telecommunications and their agencies (PTTs) has reinforced the split.

National IT 'strategies' in OECD countries tend to be built bottom-up by multiple
actors for at least three reasons:

* Political distaste for central planning.

* The pervasiveness of IT and the issues that surround it, which leads to IT
policy falling into multiple bureaucratic territories.

- Well developed government and economic infrastructures and strong
national IT industries. The relatively few bottlenecks compared with many
developing countries permit policymakers to take a piecemeal approach.

Despite piecemeal approaches to IT policy, many countries have tried to evolve
more strategic positions. In particular, governments have sought to monitor
developments in key, generic technologies in order to create the intelligence to
prioritize resources. Creating 'Technology Watch' capabilities is seen as critical to the
formulation of policies nurturing indigenous capability in key technologies and
exploiting their use through widespread diffusion.

Rather than review technology policy across all OECD countries, this study
focuses on recent developments in the UK, not because UK practices are more
praiseworthy than elsewhere--if anything they lag behind comparable activities in many
OECD countries--but to build on the UK case study in Chapter III and to demonstrate
how Technology Watch activities can take place at different levels of government.

Recent Developments in U.K. Technology Policy

A number of developments in UK technology policy in the recent past mark a
shift to a more 'strategic' orientation in policy development. Nowhere has this been
more marked than in IT policy:

Future Studies. A few government divisions have conducted future studies, including
the Division of the Department of Trade and Industry (DTI) concerned with IT
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(formerly IT Division, then Information and Manufacturing Technologies (IMT), and
renamed Technology Programs and Services (TPS) in 1993).

Five-Year Forward Looks. In 1990 the DTI introduced the practice of Five Year
Forward Looks for all divisions drawing on technology-related budgets. The division
responsible for IT policy has been at the forefront of best-practice developments.

Generic Technologies. In 1992 attention was focused on the need to identify and cater
for the emergence of critical, generic technologies. Cabinet Office and the Research
and Technology Policy Division (RTP) of the Department of Trade and Industry (DTI)
led the attempt to develop an appropriate methodology. The first pilot exercise covered
Information Storage and Retrieval.

These three initiatives were attempts to produce outputs relevant to prioritization
exercises, capable of influencing policies to promote both IT generation and IT
diffusion. They differ in terms of 'process', but all have a place in 'strategy-conscious'
policy environments. In contrast to the early 1980s, the UK has come to resemble such
an environment, particularly in the IT sector.

The IT Futures Program

In 1991, the IT Division of DTI decided to conduct a 'futures' exercise to
improve the division's technology planning processes. A consultant was hired to study
technology trends and potential IT use in the mid- and late-1990s. After an initial
review of business objectives and technology trends in 12 industrial and commercial
sectors, the study continued with a detailed workshop-based analysis of seven economic
sectors, including the electronics and electrical manufacturing sector. This was
undertaken in 1992 and was followed by a final validation exercise with users. Areas
in which there was a convergence between technology trends and the business needs of
IT users included:

* Trading systems in logistics and supply chain management.
* Groupware in faster product development.
* Information management and linking in reducing administration

costs.

The most significant business objectives identified were to:

* Reduce operating costs.
* Improve logistics and supply-chain management.
* Achieve faster development and time-to-market.
* Improve customer service.

High priority technology areas included:



66

* Trading systems.
* Information management and linking.
* New telecommunication services.
* Systems engineering.

Five Year 'Forward Looks'

In 1990 the DTI started to ask divisions drawing upon technology-related budgets
to conduct Five Year Forward Looks. These were intended to improve strategic
thinking within divisions. The driver for this was the desire to improve relationships
between divisions and government Research Establishments (REs)--with the increasing
autonomy of REs, there was a need to keep them adequately briefed via the formal
elaboration of strategies and their effective communication. One of the most
comprehensive Forward Looks was undertaken by the Information and Manufacturing
Technology Division (IMT) of DTI.

The 1992/93 IT Forward Plan contained detailed descriptions of the drivers of
change in all the technical areas covered by the division. At an aggregate level, the
following comprised some of the most important drivers and constraints:

* The current economic climate and its effect on the availability of capital,
manpower, and the conduct of R&D.

D The demand for greater take-up and more effective use of IT.

* Growing regulatory pressures concerning software quality and safety.

* The need to evolve actions complementary to those in Europe.

* The need to pinpoint new market opportunities in an increasingly complex
technological environment.

The programs suggested for the next five years reflected these drivers and
constraints. There would be an increasing shift from devices and control toward
systems software and architectures. Proportional spending on IT security and quality
would rise substantially, as would expenditure on the use of IT, although such spending
would still constitute only a small percentage of the total. Work performed in the
context of UK collaborative programs would continue to dominate the spending profile,
but the proportion devoted to technology transfer would rise appreciably until at least
1995/96, overtaking the amount spent on international activities such as Eureka. More
effort was likely to be devoted to studies designed to improve policy formulation.
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The U.K. Strategies to Identify Emerging Generic Technologies

In December 1991 the UK government began to explore ways in which a list of
generic technologies of importance to the UK might be compiled, similar to those in
the USA and Japan. The aim was to develop a methodology that would assess the
importance of different generic technologies to the UK against agreed criteria; and
which would assist government and UK industry in prioritizing areas for future
funding.

A working group enlisted the services of consultants to select or evolve a
methodology, followed by a pilot study for testing its feasibility. The technology area
chosen--largely because of its pervasiveness--was Information Storage and Retrieval
Technology. The intention was to share the experience gained in the pilot study with
other member states of the EU, with a view to establishing a similar exercise in
Europe.

The pilot study called "Technology Foresight," was completed at the end of
1992. It covers technological, societal and business needs in all economic sectors.
This Technology Watch covers both emerging needs/new market and technology
Delphi and, is likely to influence government priorities in diffusion as well as the
generation of technology.

Information Technology Diffusion in Government

The use of IT in government is big business. In Canada, for example, there was
a steady growth in technology investment between 1986-87 and 1990-91, averaging
over eight per cent annually. The government's annual non-salary expenditure on
information technology goods and services grew to over $2 billion, representing 12
percent of government operating expenditures in 1990-91, up from 11.5 per cent in
1986-87. Salaries for an estimated 20,000 IT specialists were approximately $1 billion
a year.

Governments are masive handlers of information, and the potential benefits
associated with the use of IT are well known. Faster and more efficient processing and
communication of information are the keys to productivity improvements and enhanced
delivery of outputs and services. This makes IT attractive to all concerned with
handling information, and governments have an obvious interest in promoting the use
of IT within their own administrative structures. But the way they organize their
support for the internal adoption of technology is influenced by wider concerns.
Governments often support the internal use of IT within the public sector not only to
reap the direct benefits associated with IT use, but also to encourage or strengthen
broader support policies for widespread use of IT in other sectors, and the development
and production of IT by local industry.
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There are four general reasons why governments have support strategies for the
use of IT in the public sector:

* To support local producers and service providers by creating demand for
indigenous IT products and services.

* To promote widespread use of IT through exemplar or vanguard strategies.

* To continue to function effectively in an increasingly IT-dominated
environment.

* To take advantage of the intrinsic benefits of IT in coping with the
information -handling loads of government departments.

Many govemments have tried to support the growth of an IT supply sector with
nationalistic procurement strategies for the public sector. In the UK, for example,
there was for many years an overt 'Buy British' policy, though this disappeared during
the 1980s. In 1966, the UK government's strategy for computers was formalized in
public sector preference for domestic manufacturers. In line with general industrial
policy, International Computers and Tabulators (ICT) and English Electric were
merged in 1968 to form International Computers Limited (ICL) as the single British
manufacturer of general purpose computers. ICL was provided with financial
assistance for rationalizing the product range and developing a new range of computers,
and continued to be a recipient of grants and loans from successive governments. The
preference policy was further tightened in 1972 when the Heath government introduced
a policy of preferential public purchasing and provided a single tender system for ICL.
From then until 1981, the major focus and goal of government policy was support of
ICL.

Many governments also seek to promote IT use in the economy at large by a
vanguard demonstration effect in the public sector. Through practical example, actual
and potential benefits of IT use can be demonstrated. Furthermore, through
compliance with IT standards partially shaped and advocated by government agencies,
governments seek to promote best-practice purchasing and IT system choice procedures
in the economy at large. There is little evidence in the OECD countries, however, that
public sector demonstrations have had a marked beneficial effect on IT practices in the
private sector.

In contrast to vanguard strategies, the use of IT by government is becoming an
imperative if governments are to catch up with developments in other parts of the
economic system. Well functioning economies increasingly require:

* A sound industrial culture and skill base.
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* A modern economic infrastructure.

* A competent system of government.

In turn, each of these is increasingly dependent on IT and needs to develop in
phase with the others. Within the economic infrastructure, for example, adequate
telecommunications and banking infrastructures are highly IT-dependent, and IT is
becoming increasingly important in other infrastructures such as ports and logistics.
For the system of government to function well, the government apparatus must have
the required organizational and technical capabilities. Good capabilities are needed in
order to produce the tools of government: statistics to help measure, understand and
plan the economy; administrative systems to ensure fair and timely taxation and social
welfare provision; systems and control mechanisms to smooth trade and enforce
contracts. Many of these government functions need to be IT-based to deliver effective
and internationally-competitive service levels. Without them, national industry can be
significantly disadvantaged and development can be impeded. Governments have to
keep up with IT developments and dependencies elsewhere in the economic system for
the whole to function well.

Government is both service-oriented and information-intensive. Extensive stores
of information are needed to deliver benefits for income security, and services like
health, safety, security and defense. Complex computer systems are required to
support a variety of programs such as natural resource conservation and protection,
immigration, the renewal of the economy, international competitiveness, the
administration of justice, and the protection of individual rights. Substantial
improvements in government productivity, service quality, and the cost of operations
can be achieved by managing information and designing systems to take advantage of
modern technology. An important task for government therefore becomes the
achievement of government's objectives for increased productivity, better program
delivery, enhanced service to the public and a modern Public Service by improving
management processes and the use of information technology.48

In the United States, IT is taking a prominent role in recent efforts to "reinvent
government."49 These efforts aim to cut the red tape, streamline the budget and
procurement processes, empower state and local government, set and publish service
standards, empower employees, decentralize decisionmaking, improve accountability,
reengineer programs and processes, and reduce the size of the federal govemment.
Information technology is expected to play a key role in achieving these aims. Hence,
emphasis is put on upgrading IT training for all civil servants to develop "a clear vision

48 Treasury Board of Canada (1992), Enhancing Services Through the Innovative Use of
Information Technology: Strategic Directionsfor the 1990s, Ottawa: Treasury Board of Canada, p.2.

49 Al Gore, Creating Government That Works Better and Costs Less. Report of the National
Performance Review, U.S. Government Printing Office, 1993.
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of IT benefits and a commitment to its use." 50 The Office of Management and Budget
is working with each government agency to develop strategic plans and performance
measures that tie technology use to the agency's mission and budget. The leadership is
"determined to move from an industrial age government to information age
government. ,,51

In the Canadian case, IT is being applied across almost 1,200 federal programs
and services, with investment decisions based on such criteria as service improvement,
cost reduction, cost avoidance, and improved productivity. Without such
improvements, departments would require additional staff to satisfy increased
legislative and program demands.

Just as there are many reasons for supporting IT use in the public sector, many
strategies and mechanisms can be used to foster the spread of IT. How does
government support the diffusion of IT within the public sector? In a crude sense the
answer is obvious: it pays the bill. But implementation strategies and the style or
approach to support for IT in government vary over time, across countries, and across
different sectors of public administration.

In terms of the IT Policy Matrix discussed earlier and illustrated for the UK in
Figure 8, strategies to implement IT within government can appear in various cells of
the matrix. Procurement is, in one sense, a hands-on diffusion-side measure because it
directly stimulates demand--by government, for government. But blunt procurement
policies designed to support indigenous IT manufacturers can also straddle production,
bridging and use sides though again they are overtly hands-on measures. Cluster 6 in
Figure 8 covers defense procurement policies. The UK spends a considerable amount
on defense procurement. Much of this involves local development, manufacture and
purchase of IT-related equipment, because indigenous defense industry has been a
strategic imperative in the UK, and much defense demand has been satisfied by UK
companies receiving government support. IT sales are thus stimulated and indigenous
capability nurtured as supply and demand are bridged.

In contrast to these hands-on actions, government strategies to influence
purchasing decisions by recommendations to conform to emerging international IT
standards are much more hands-off and infrastructural. Civil IT procurement policies
in the UK are located in Cluster 9 in Figure 8. The Central Computer and
Telecommunications Agency (CCTA) is the Treasury advisory committee that develops
Government OSI Profiles (GOSIP)--usable 'packages' of OSI standards. These provide
the framework for government purchasing decisions. Government departments are
advised to follow CCTA guidelines but there is no longer any overt 'Buy British'
policy. In this instance, UK civil IT procurement actions are classified as bridging
policies because they promote the diffusion of IT by improving the infrastructural

Al Gore 1993, op. cit. p. 84.
51 Al Gore 1993, op. cit. p. 112.
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context in which government IT procurement occurs, rather than by sanctioning
particular IT purchasing decisions.52 They facilitate connections between the
production and use sides even though they do not overtly fuse the two together.

In reality there is a range of hands-on and hands-off actions, with at least four
discernible modes of operation. At one end of the scale is the 'Buy British' equivalent
--direct instructions to purchase the goods and services of the national supply sector.
At the extreme opposite is a hands-off purchasing policy akin to anarchy, with each
government department allowed to develop its own criteria and make its own
purchasing decisions. In between, on the hands-on side, procurement instructions favor
locally produced IT goods irrespective of national ownership as long as these goods are
produced locally. On the hands-off side are attempts to create uniform departmental
choice via guidelines and conformance with international standards.

These modes can overlap and evolve at different rates, and the mix at any point
in time depends on factors such as indigenous IT production capability, the strength of
commitment to international trade agreements, the maturity of technological
trajectories, and the structure of power relationships within government and the
bureaucracy.

The CCTA (CCA as it was originally known) was set up in 1972 at a time when
there was strong pressure to 'Buy British'. It was set up in the wake of a Select
Committee report that recommended a computer purchasing board to purchase
computer equipment and services and to develop and co-ordinate their use in central
government. The CCA received an annual budget to buy computers. Its main task was
to assist departments with the rapid expansion of computer applications, most of which
were batch processing systems on large mainframe computers at dedicated sites.
Telecommunications was added to its responsibilities later in the year. CCA became
responsible for pulling together all the IT implementation policy and project
development tasks within government. In 1978, responsibility for financial approval of
small and medium projects was delegated to departments. In 1981, when the Agency
became the CCTA, funding for computer purchases was transferred back to the
departments, though the major portion of departmental procurement and contract
negotiation continued to be handled directly by CCTA.

After a review of the Agency in 1984 its role changed again. Authority and
transfer of administrative functions devolved to departments, with responsibility for
approving departmental expenditure transferred directly to the Treasury expenditure
divisions. This occurred when pressure to 'Buy British' had declined and the
government was overtly committed to a free market ideology. Maturing technological
trajectories dominated by foreign firms and the desirability of conformance to emerging

52 Naturally, when the purchasing decisions are made, these constitute a direct stimulation of

demand for IT--by govermnent, for government--but this is not so much an explicit stimulation policy as
a consequence of the state's need for IT.
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international standards led to the need for a strong advisory structure capable of
steering purchasing decisions within departments. Departments were given greater
responsibility for initiating, developing and implementing their own IT programs.
They were also principals to contracts for IT goods and services and responsible for the
technical content of operational requirements. They had control over the choice of
systems and were accountable for the resources needed to provide services. All
departments, however, bought through the CCTA, which selected the companies to
tender and stipulated conditions. Thus, the CCTA-departmental link was broken in a
budgetary sense, but not in procedural terms. From 1984 to the present, CCTA has
been supporting departments by concentrating on those services that a central body is
best placed to provide and on questions of strategic concern.53

The CCTA is now responsible for promoting business effectiveness and
efficiency in government departments and agencies through the use of information
systems. It helps departments to: develop information strategies; plan IT projects;
improve the productivity of IT staff through information management techniques and
software engineering tools; choose quality IT products through the application of
standards; and secure high value in acquiring IT products and services. It provides
direct support in the form of specific expertise, procurement assistance and
consultancy, with a departmental support manager and officer assigned to each
department. It provides indirect support in the form of development software
engineering methods and tools; initiation of pilot implementation of products and novel
applications; management of the interdepartmental telecommunications network;
information gathering; and participation in policy discussions.

53 Chun Kwong Han and Geoff Walsham (1992), Government Information Technology Policies
and Systems: Success Strategies in Developed and Developing Countries. London: COMSEC LOGO,
February 1992, pp.2 6 .
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V. INFORMATION TECHNOLOGY DIFFUSION PROGRAMS

Program Categories

We have reviewed a number of IT diffusion actions, almost all of which are
programmatic and hands-on. These are shown in Figure 12. We focus on hands-on
programs where there is a wealth of experience in program design.5 4 Programs under
review span the categories of supply, bridging and diffusion-oriented programs, and
include both IT-specific and IT-related actions. Some programs straddle categories--for
example the IT-oriented manufacturing programs in Figure 12 straddle IT-specific and
IT-related actions, and some R&D programs have both production and diffusion
aspects, since programs often attempt more than one task.5 5

Figure 13 further defines a number of more differentiated program categories,
and Figure 14 describes the programs we review in terms of these categories. It also
shows the emphasis of each program and whether programs were targeted at the
diffusion of 'core' IT (microelectronics, software, telecommunications etc.); 'broad' IT
(CAD/CAM, robotics etc.); or towards more general technology diffusion, but with a
strong IT emphasis. Fuller descriptions of the programs are given in Appendix 2.

The program categories defined in Figure 13 and discussed below typically
operate in three ways. Those falling under the heading of Technology Capability
programs can operate on either or both of the supply and demand sides - for example,
R&D Project Support can serve suppliers of IT products, their users, or both. The next
group of actions works typically on the demand or Diffusion side, while the final group
are typically Bridging cross-cutting actions. Inter-agency programs can combine
features of each type, and we include one example of an international technology
transfer program which contains capability, diffusion and bridging lements.

54 This does not imply that hands-off policies and programs are less important for diffusion. Two
areas for such programs are often critical to diffusion: standardization of IT and liberalization cum
regulation of telecommunication services. The restricted focus of this report should not distort the fact
that actiions across the IT policy matrix are essential components of government strategies to enhance the
development and use of information technology.

55 While logic dictates that the most important policies appear in the middle and to the right of the
matrix, in practice, elements of diffusion policy are often mixed with generation-oriented IT programs.
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Figure 13. Descriptions of Program Types

Category of Action Description

Technological Capabilitv

R&D Project Support * Funding or practical help for R&D projects
May support generation or diffusion objectives

Institute/University Linkage * Uses a research institute or higher education establishment as a source of skills and
technology for transfer to industry

Technical Inforrnation * Provides information access or tracks technological developments
May support generation or diffusion objectives

Diffusion

Teclinology Bootstrap * Creates initial technology/engineering experhse to permit technological learning and
Technology Audit development

a Diagnoshc service, identifying improvement opportunities in the use of technology.
Manufacturing Consultancy Normally also covers 'soft' issues

* Helps users implement good manufacturing practices and techlnology using state-sector
or managed private-sector consultants

Technology Centers May follow up technology audit
* Small, generally locally-based technology advice, consulting or referral centers.

Technology Dernonstration and Awareness Normally public-support. May be privately operated
* Propagandizes about virtues of new technology through the media, conferences etc. and

by creating demonstration sites at end-users or special demonstration centers

Bridgin&

Education and Training * Provides specialist vocational or technical training outside normal education channels
Coordination * Coordinates other actions
Government Infornatics * Defines technical standards and maintains good standards in the diffusion of IT

within government organizations
Science Parks * Property development with a charter to foster growth of high-technology firms
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Technology Capability Programs

R&D Project Support

R&D Project Support is one of the commonest forms of technology policy
intervention. It is typically relevant to medium-large firms with developed R&D or
engineering capabilities or to technology-intensive SMEs. Such support involves
subsidies to projects--in the form of money, time or materials. It may be used to
support actual or potential suppliers of products who will incorporate results of the
research in processes or products. The Swedish IT4 program, for example, provided
up to 50 percent subsidy to selected software development projects, intending that the
resulting products should eventually be packaged and sold commercially. Usually,
however, such supply-oriented projects are more concerned with developing the
capabilities of the subsidized firm to deal with technology, by providing research tools,
developing methods, and giving the firm some experience of working with a
technology.

Caategories of IT Diffusion Programs Surveyed

Projects can also be oriented to the demand side. The Dutch ASICs and Mi Toe
(microelectronics adoption) programs subsidize companies introducing microelectronics
into their products, both to reduce the risk and cost of accumulating this experience and
to enable them to secure competitive advantage by using microelectronics in subsequent
product generations.

A hybrid model is employed in Swedish engineering research (CADCAM in
Engineering; VI/NUTEK Framework Program). Research, demonstration, and
technology tracking projects are co-funded by the state and by industrial suppliers and
users. The results are carefully publicized to maximize the leverage of the research
funding over industrial practice. Extensive use is made of reference groups and
steering committees to ensure results are disseminated within the informal industrial
networks, which are particularly important information transfer mechanisms in a small
country like Sweden where 'everyone knows everyone else'. The Association of
Swedish Engineering Industries uses 14 technology committees involving some 150
industry technologists in the selection and monitoring of projects. While each
committee spends a very small budget, the meetings (often combined with plant visits)
are regarded as extremely valuable information and technology transfer mechanisms.

R&D project support has a direct influence on the capabilities of the supported
firms and is a potentially powerful way for states to improve their international
competitive position by bolstering the position of 'national champions'. Generally,
R&D project support is given on a co-funding basis, testing the commitment of subsidy
recipients to the project by making them pay at least half the cost. Its typical effects
are to strengthen existing longer-term-oriented R&D and to allow the
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performance of 'second-priority' or 'insurance' R&D that would not normally have
been undertaken by the firm.

Collaborative R&D project support has proved popular with both governments
and participants over the last decade. The state finds it easier to justify than single-firm
support schemes, and firms use collaborative schemes as a high-leverage means of
accessing complementary technology assets and expertise--an important form of
technology diffusion. Many collaborative programs are labeled 'pre-competitive', based
on a model which presumes that firms collaborate on upstream R&D and compete in
downstream markets. Typically, however, research collaboration does not take place
between direct competitors when the work might lead to competing products or
processes. Collaboration is more likely to involve organizations linked in user-supplier
chains that intend using the R&D as a basis for entry into different markets.

The character of R&D project support as a 'bribe' to encourage firms to
reprioritize part of their technological activity is a two-edged weapon. Such support
can deal with a firm's inability to take a sufficiently long view of its technology needs,
but it also has the potential to divert attention from business priorities. The objective is
to fund projects that are both beneficial to firms' capabilities and that deliver external
benefits to the economy. In effect, the state subsidy becomes payment for access to
these external benefits.

Realizing the benefits in practice often requires actions complementary to the
project itself. In technology diffusion this typically means that the project should
provide a demonstration the outside world can see and some other way of leveraging
the project expenditure: seminars; publicity; and--perhaps most powerful--exploitation
of industrial networks to diffuse and disseminate project results. It may sometimes be
necessary to create industrial networks before diffusion benefits can be obtained.

Research-Industry Linkage

Research-Industry Linkage and R&D project support often go together.
'Research-Industry Linkage' means actions that exploit research institutes, universities,
or other higher education institutions as sources of skills and technology for industry,
for example via collaborative R&D projects. Developing such linkages may involve
two approaches.

One approach is to find industrial uses for ideas developed for research purposes.
The Dutch AI Commercialization program and the US 'Transfer from Federal
Laboratories' program used this approach with limited success, as did AMT Ireland
until they discovered that industry was not interested. The principal weakness of this
'technology push' approach is that, in the main, it does not work. There are three
major reasons:
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* The research mission is normally not to generate immediately
commercializable ideas, hence much of the output may be applicable to
industrial innovation at the research or advanced engineering stages, but not
for development or commercialization. More R&D effort is normally
needed to make research output relevant to the markets for products and
processes.

* Where good, applicable ideas are generated, there are strong incentives to
monopolize the knowledge or to share the idea and the profits with an
industrial partner rather than involving a state program.

* Competent industrial companies access the research literature and maintain
links with relevant academic researchers precisely in order to identify and
exploit ideas which meet their needs. In developed economies with strong
industrial and research traditions, the result is that state-promoted
technology push actions of this sort tend to deal only with immature
technologies and ideas left over after industry and the academic
entrepreneurs have had the first pick. Programs can add value only if there
are significant impediments to the transfer of applicable ideas between the
research and industrial sectors.

The other approach is to use the research side as a resource for skills and
knowledge. Many collaborative projects (e.g. in the IT4 program in Sweden) take on
academic team members as contributors to a defined and mutually agreed research task.
Other programs use academics to track and report on scientific and technological
developments to the industrial community (VI/NUTEK Framework Program,
CADCAM in Engineering, the Software Engineering PAT), to provide testing and
design verification services (ASICs, AMT Ireland), or to provide inputs to an
awareness campaign (CAD Bus). These alternatives can all be successful. They do,
however, rely on the research side being willing to work with industry and, to a
degree, on its being experienced in doing this. In the past, the gulf between the 'ivory
tower' of the research world and the needs of industry has often been very wide.
Learning to bridge this gulf does not happen overnight, but doing so helps overcome
weaknesses on both sides.

Technological Information

Technological Information actions also often rely on the research sector to track
and provide information about technological changes on a regular basis (as in the
Swedish IFIS project in the Swedish VI/NUTEK Framework program), or to operate
an inquiry service. Most such examples run as adjuncts to larger programs. The
connection with research or higher education can sometimes discourage SMEs from
using such services, so they need to be marketed carefully. Increasingly, there is
pressure for such programs to offer technical and market information, particularly
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when dealing with innovations. The Irish Microelectronics Applications Center's
(MAC) practice of accepting product development work for a company, but only on
condition that a small literature-based test is made for market viability and duplication
with existing innovations, is a good one.

Diffusion Programs

Almost all the documented diffusion actions focus primarily on small firms that
share more characteristics with industry in developing countries than do larger OECD
firms. There has also been a genuine trend in OECD IT diffusion and similar policies
over the past few years towards SMEs.

Technology Bootstrap

Technology Bootstrap programs are a fairly recent--and extremely important--
policy innovation. Like the computer that has to be 'told' to read its program before it
can do anything useful, these programs aim to give companies the initial piece of
technological capability to allow them access to the world of technology. This typically
involves placing a young engineer--often a new graduate--in an SME. The state
subsidizes the engineer's salary, and external help is available from a college or a
consultancy program. Relatively raw engineers bring new capabilities to the firm
without appearing to be a threat in the internal power structure. Once the company
understands technological changes going on outside and builds a mechanism for
internalizing them, it is normally able to develop its own technological resources.
Examples of this type of program include the Swedish Jamtland project, which focused
on CAD/CAM and lent companies a PC-based CAD system and an engineer for six
months, and the Irish TechStart program. Other examples can be found in the UK's
Teaching Company program and in Sweden.

Technology Audit

Technology Audit programs are a recent formalization of an old idea--agricultural
56extension programs. Technology audit programs such as Canada's AMTAP and

Ireland's National Technology Audit Program (NTAP) are programs normally aimed at
encouraging SMEs to obtain consultancy services. Under these programs, consultants
visit companies to perform a rapid diagnostic exercise, normally following a program-
specific checklist or similar process. The state generally bears most of the cost, with
the company making only a modest contribution. The audit becomes a kind of 'health
check' for companies, undertaken by a general practitioner who produces a list of
actions for improvement and refers the company to specialists, if necessary. Normally,
the audit does not involve any implementation work by the consultant, although the

56 Agricultural extension schemes have been in operation for decades in OECD countries. The
idea, if not the practice, of an analogous industrial extension service is also well established.
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state or private-sector consulting organizations involved are invariably happy to accept
follow-on work on a fee basis.

The object of the audit is to make companies aware of their strengths and
weaknesses, and establish what can be done to correct the latter. While conducted in
the name of technology, the audits more often find 'soft' problems of manufacturing
management such as quality, stock control and factory organization. IT may or may
not be part of the needed solution.

The skills of the consultants are key to the success of technology audit programs.
The consultants need to be mature, with a good mix of engineering and management
experience. Recent graduates lack the experience and credibility to be taken seriously
by SME owners and managers, so most successful technology auditors are in their
second or third career.

The idea of technology audits is now spreading rapidly. The Irish program
managers have been employed to transfer the 'technology' of NTAP to Greece. The
Norwegian BUNT program to train consultants undertaking technology audits is being
widely imitated. The European Commission has set up the MINT program as a pilot
EU-wide technology audit initiative.

Manufacturing Consultancy

Manufacturing Consultancy programs and technology audits have closely related
functions in helping smaller firms recognize improvement-opportunities in
manufacturing and do something about them. The Irish government's Manufacturing
Consultancy Service provides the natural home for the National Technology Audit
Program.

A significant international consulting industry serves the needs of larger
companies in the realm of manufacturing consultancy --covering problems such as
quality, factory layout and management, factory location, machinery selection,
rationalization, and so forth. Inexperienced consulting buyers such as those in SMEs
are often poorly equipped to define projects, choose suppliers, manage consultants, or
implement the results. Lacking experience, they find it hard to estimate the returns to
investing what invariably seems like a large fee in something as intangible as advice.
Recognizing that the consulting sea is full of sharks, they tend to keep out of the water.
SMEs which seek consulting help are often unattractive customers: they need a lot of
help to define what turns out to be small and therefore unattractive projects.

The role of the state is therefore partly to fill the supply-side gaps related to
serving mainly SMEs--especially those without experience in buying consulting
services. This can be done directly by state consultancies like the Irish MCS and AMT
Ireland services and the US Manufacturing Technology Centers, or through programs
that manage and refer users to accredited private firms. MCS manages to play both
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roles, though it takes a deal of soul-searching to manage the conflicts of interest that
arise. An important benefit of using state-accredited consultants is that it reduces
SMEs' perception of risk because the consultants bear an independent 'seal of
approval'. The UK is a major user of managed private consultants to deliver services
on behalf of the state.

A further role which certain types of manufacturing consultancy program can
play is to provide 'reference points for new technology'. AMT Ireland, for instance,
does this through close contact with research undertaken at universities. In Sweden,
manufacturing consultancy programs centered on the Swedish Institute of Production
Engineering (IVF), are based mainly on research at IVF itself. An additional, if
counter-intuitive, aspect is the need for manufacturing consultants engaged in SME
work to be exposed to large company projects (in multinationals, for example) to keep
abreast of industrial practice. Through these mechanisms, consultancy services are able
to offer an adequate range of technology approaches to meet the needs of their clients.

Technology Centers

Technology Centers have been created in many countries, based largely on the
recognition that technology support for SMEs needs to be delivered locally.
Technology consulting organizations, generally working on a not-for-profit basis or
with subsidies, often serve as a first point of contact for SMEs needing help and
advice.

Since technology centers are usually small, they face a choice between spreading
themselves thinly across many technologies or focusing on a small number. Two
successful examples in Ireland--the Waterford CADCentre and the Microelectronics
Applications Center--are technologically focused. If the CADCentre is to expand
beyond two people it will have to market itself beyond the South-East of Ireland. The
Microelectronics Applications Center comprises 14 people and serves the whole
Republic. Successful non-specialist technology centers have to focus on simpler
information technologies and perform more of a diagnosis and referral role than a
project execution role.

Technology Demonstration and Awareness

Technology Demonstration and Awareness programs have been used in IT
diffusion since the late 1970s. They often complement project-based actions, offering a
way to obtain 'leverage' from project expenditures across a greater part of the
economy. Since there is often no feedback from the demand side, the timing and
choice of technology to be promoted need to be selected carefully. Technologies need
to be reasonably well-packaged, since the object is to use information rather than
experience as a way to encourage users to take action. Awareness or demonstration
actions cannot effectively be used to promote immature technologies or ones for which
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industry can see no need. They can be used to accelerate adoption processes which
are, in any case, imminent.

C*STAR--like many other videotex demonstration schemes--appears to have
misjudged these factors and tried to promote a fairly sophisticated technology in some
applications where it was not needed, and in others that were not of interest to the
audience. In contrast, the IVF's CAD Bus that toured Sweden giving demonstrations
of CAD/CAM to SMEs seems to have been extremely well-timed and to have been one
of the factors explaining the relatively high penetration of CAD in smaller Swedish
companies.

The Dutch SBI program succeeded in combining the virtues of demonstration and
project support by using trade associations to define and manage IT demonstration
projects. This way, it was possible to ensure that demonstration projects were relevant
to the needs of the SME audience. The projects were actually executed by consultants.

Brdging Programs

Education and Training

Education policies are classic infrastructural measures which not only strengthen
technological capability through human resource development but also stimulate
demand by creating an articulate end-user sector.

Leaving aside what happens in traditional educational institutions whose curricula
tend to adjust slowly to changing technology, Education and Training in new
technology skills are frequently provided as adjuncts to other actions. For example,
training provides a major part of the Waterford CAD Centre's revenues and is a key
part of the support the Center gives to users needing to understand how to exploit their
investment in CAD to move from the substitution stage into more productive
application of IT.

OECD govemments generally have specialist training agencies coupled to their
work in helping smooth the operation of labor markets. The Irish FAS for example,
which provides retraining programs for the unemployed, conducts IT skills courses of
up to half a year. These programs are mainly skill enhancement courses: teaching
secretaries how to use PCs for word processing, simple spreadsheets, database handling
and similar activities. Simpler skills such as coding computer programs can be acquired
through such programs, which turn out high rates of graduates. However, there is a
risk of confusing the use of IT with the ability to undertake the task to which it is being
applied. CAD is a key example: a non-engineer can become a reasonably proficient
CAD operator in a few months but will not thereby acquire the ability to do
engineering design. IT skill conversion actions are therefore important and useful, but
their limits need to be recognized.
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Ireland also hosts an ingenious education initiative aimed at breaking down
barriers to the adoption and use of Computer-Aided Software Engineering (CASE)
tools and methods. While CASE has long been hailed as the way to overcome
productivity and quality problems in the software and systems industries, it has had
only a modest practical impact, owing to skill and organization deficiencies among
software-writing firms. The Software Engineering Center at Dublin City University is
using seminar-study groups from the industry to break down some of these barriers, as
a prelude to more serious research and promotion of the technology. Education
actions, therefore, can be used directly to enable or enhance IT diffusion, and indirectly
to eliminate bottlenecks in the skills system as a prelude to broader IT diffusion.

Coordination

Coordination is necessary at both strategic and operational levels. At a strategic
level, IT policy in OECD countries is becoming less piecemeal and more thoughtful,
with greater attention being paid in some instances to the formulation of overviews
across government, particularly with regard to identification and formulation of
strategies for dealing with key technologies. This implies development of a coordinated
strategic approach, although there is a long way to go in many countries. In Japan, for
example, although there is evidence that coverage of the IT Policy Matrix has been
richer and more consistent over the past twenty years than in many other countries, the
mix of policy instruments used can hardly be called coordinated. It is difficult to locate
any one point in government that can provide an overview of IT policy development,
or to comment on the coherence of individual actions. IT strategy for the country as a
whole has not been developed in a markedly coordinated fashion.

Coordination at an operational level is generally required when disparate actions
are in place and there is a desire to avoid duplication and encourage synergy. One
option is to appoint someone with overall control over relevant initiatives. Another is
to appoint a coordinator to coordinate managements of independent operations.

Coordination initiatives can be extremely cheap. The National Software
Directorate IDA and the Telematics coordination function for telematics programs of
the Dutch Ministry of Transport and Public Works used only one or two people.

However, coordination roles are also extremely difficult to fulfill well. The
coordinator often has responsibility but little authority. The effectiveness of
coordination therefore depends on the willingness of other people to be coordinated and
on the personality of the coordinator. The importance of 'public relations' in the
coordination task means that coordinators often perform a very useful lobbying
function. Nonetheless, coordination activities are inherently risky and, in general,
should be avoided wherever a managerial alternative is available.
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Government Informatics

Government Informatics actions have declined in importance in OECD at least in
terms of civil procurement of IT systems. At one time they constituted fairly direct,
hands-on ways of linking supply and demand through the procurement of indigenous
technology. Recently there is a tendency for governments simply to influence
purchasing decisions by advocating adherence to particular IT standards. This type of
action is generally a much weaker policy measure, both in terms of dictating what is
bought and in influencing how much is bought. In defense programs, however, the
amounts spent mean that demand is still strong, although waning since the end of the
Cold War. Directives to use standards developed 'in-house' still give the edge to
indigenous firms; witness the advantage US firms have in complying with the
requirements of the Department of Defense for the use of the ADA programming
language.

On the civil side, the Irish Local Government Computer Services Board is
transforming itself from software-writer to a purchasing department and in-house
consultant for local government. This is a very useful role, but far more limited than
governments have sought in the past. At the present state of technological development
and IT diffusion, and against the background of a pervasive belief that government is
incapable of being a leading-edge user, there appears to be little for developing
countries to learn from current OECD practice about the potential role of the state as a
'leading-edge user'.

Science Parks

Despite the poor performance of many Science Parks5 7 --whose conception is
based on the 'technology push' idea that science automatically leads to innovation and
jobs -- we found a successful example. The Ronneby Soft Center reversed the usual
logic by first locating the 'demand' element in the park in order to attract the 'supply'
elements. An EDP user was attracted to a state-sponsored property development.
Software-writing, education and other services were then clustered around this demand.
A key factor appears to have been careful selection of tenants to ensure their activities
were complementary and that they were likely to stay in business. The 'small-firm
incubator' role of other science parks was deliberately avoided to reduce risk of failure.

This model of clustering strong entities to foster synergy and growth appears to
be a good one. It systematically avoids many of the normal risks run by science parks
and has a good prospect of providing sustainable development and growth--not so much
diffusing IT as agglomerating it to provide critical mass.

57 See, for example, Doreen Massey, Paul Quintas and David Wield, High Tech Fantasies: Science
Parks in Society, Science and Space. London: Routledge, 1992.
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Interagency Programs

Interagency programs are really a different kind of category from the others
considered in this chapter. During the 1980s, when OECD countries were hastily
assembling national IT programs, there was a perception that intervention needed to be
large-scale. At the same time it was difficult to find new money in state budgets to pay
for these programs, and even if funds had been available, it is not clear that useful
ways could have been found to spend a large and sudden increase in the money
available for IT support. As a result, national programs were often assembled from
new and existing budgets and activities. In those cases where a central directorate was
established (IT4 in Sweden, and--outside the scope of this report--the Alvey program in
the UK58), it was possible to wrest control of the programs away from the agencies,
though this inevitably involved compromises. In cases such as the INSP where there
was no central management, the value added by having a national program was morale-
boosting and cosmetic rather than operational.

By their nature, interagency programs tend to be temporary with disruption and
start-up/close-down costs that need to be weighed against their considerable symbolic
value. For IT diffusion--especially to SMEs that are hard to reach through government
programs at the best of times--there is probably little need to make a high-profile
political 'statement' and a great deal more value in continuity. NUTEK in Sweden
(and its predecessor organization STU), has been able to form stable and productive
relationships with industry for the management of programs and the dissemination of
results, based on a continuity in programs across several decades. IRAP in Canada is
successful partly because the program form remains stable, even though the technology
content changes. Stability in policy and among policymakers has long been regarded as
a key factor of MITI's success. Of course, systems and organizations should not be
allowed to remain static, but against this background, the use of inter-agency
mechanisms on a temporary basis should be carefully justified.

International Programs

It is not our intention to review international programs as such, nor to intimate
that they constitute a special program category by virtue of anything other than their
geographical span. We include coverage of the European Union's SPRINT program,
and specifically its Special Projects Action Line (SPAL), for two reasons. First,
SPRINT comprises a number of measures that cover capability, diffusion and bridging
actions. Second, the Special Projects Action Line was experimental and offers valuable
lessons for the organization and construction of technology diffusion programs.59

58 See Ken Guy et al, Evaluation of the Alvey Program for Advanced Information Technology.

London: HMSO, 1991.

59 Ken Guy and Erik Arnold et al, The Evaluation of the SPRINT Specific Projects Action Line,
Luxembourg: EC/DGXIII, 1994.
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The SPRINT program was originally launched in 1983 as a pilot program
addressing the issues of innovation, technology transfer, and diffusion. It ran from
1983 to 1988, initially on a budget of 6 million ECU, later expanded to 18 million. Its
current phase started in 1989 with a budget of 90 million ECU for a five-year program.
SPRINT has three main objectives:

* To strengthen the innovative capacity of European Enterprises.

* To promote rapid diffusion of new technology throughout the Union.

* To enhance the effectiveness of existing innovation and technology transfer
support measures, whether regional, national or Union-wide.

SPRINT supports a number of interlinked actions. One group of measures
encourages the formation and operation of networks of experts and organizations across
national boundaries. Another program--Technology Performance Financing--is
designed to explore new ways of financing innovation. There are also many small
measures to improve the practice and understanding of innovation and technology
transfer. SPRINT also set out to support specific projects for intra-Union innovation
transfers. These aim by their scale, their tangible contents, and their innovative nature
to encourage innovation and the dissemination of new technologies throughout the
Union.

The Specific Projects Action Line (SPAL) is an exploratory action within
SPRINT which seeks to improve technology diffusion and technology transfer
processes in the European Union. Forty large industrial-scale technology transfer
projects were supported during a definition phase designed to produce project plans for
a further Implementation phase. Twenty-one projects have gone through to
Implementation. All aim to transfer specific technologies across sectoral and national
boundaries; to catalyze the further spread of the technology via a 'demonstrator' effect;
and to enhance the general understanding of good technology transfer processes. At the
level of the action line, the aim is to evolve an efficient and effective technology
diffusion mechanism with lessons for the management of future initiatives.

In keeping with its exploratory nature, the SPAL contained many original
elements. The use of a Definition phase prior to full-scale implementation was not
common practice in other Commission programs when the action line commenced, and
its 'hands-on' approach to project construction and steering via a Technical Assistance
Unit (the TAU) was also novel. This included the introduction of project planning
methodologies to help participants establish joint goals and derive sound strategies for
successful transfer.

The SPAL also filled an important policy gap at European and national levels.
In some countries it complemented national diffusion actions by introducing a
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transnational element, and in others it occupied a previously empty policy space. In a
Commission context, it has moved the focus from R&D to diffusion, and from
advanced, leading-edge technological developments to the use of established
technologies capable of fulfilling real needs in new industrial sectors and application
areas. As other programs have sought to enhance impact by exploiting Commission-
financed R&D results and outputs, the SPAL deliberately tried to satisfy the demands
of end users via technological solutions tailored to their needs.

A recent evaluation concluded that, as an exploratory action, the SPAL has been
a success. It has provided some important lessons for the conduct of future initiatives
and for the diffusion of technology generally. Most importantly, it has demonstrated
that technology diffusion actions are both feasible and desirable. It has shown that it is
possible to construct and manage technology transfer programs which have the potential
to fulfill Commission goals such as enhanced cohesion across the single market.
Because of their limited outreach and the scale of the cohesion problem, Specific
Projects cannot make significant contributions on their own. But they can show the
way forward, and this demonstration effect is maximized when Specific Projects are
clustered in particular application areas. This maximizes their visibility and the
possibility of synergy.

There were lessons for program management generally. The concept of a
Definition phase worked well in practice and was much appreciated by participants,
including those in projects rejected for the Implementation phase. There is scope for
the use of Definition phases in other program settings, and consideration should be
given to their utilization even in the absence of support for subsequent Implementation
phases. On a reduced scale, they can be cost-effective ways of helping SMEs conceive
and formulate projects which they can then finance themselves. Definition phases are
especially effective if they incorporate the use of project planning methodologies
similar to those pioneered in the SPAL. Used at the right time, they are much
appreciated by firms inexperienced in collaborative working.

The SPAL also revealed a great deal about the nature and structure of
technology transfer projects. In particular, it has shown that:

. It is insufficient to hope that projects consisting solely of technology
providers and end users in different countries will be successful.
Intermediaries such as technology consultants, industry associations and
regional technology centers often perform a range of key facilitating
functions, including proposal writing, the creation of linkages and project
administration. They are particularly important in terms of transcending
cultural barriers and making connections with sources of potential demand.
Participants also play multiple roles in chains of users and suppliers, with
major technology providers acting as the recipients of technology from other
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technology providers in projects, and end users contributing technological
inputs to the evolution and adaptation of the central technology.

* Both technology providers and end users are resistant to competitors within
the same project. All are interested in forward diffusion from upstream
technology providers to downstream users. Few are interested in lateral
diffusion to competitors. Technology providers resist the presence of rival
suppliers, and although they might welcome large numbers of end users as
potential customers, the end users themselves resist the inclusion of potential
competitors.

* Too many partners create communication difficulties and exacerbate
technology transfer barriers. Some of the Specific Projects tried to replicate
the core technology transfer process of the project in a large number of
recipient countries. This may be possible in time, but the corresponding
increases in project size and complexity are a distraction. In particular, too
many end users in a single project can be counter-productive. Many end
users become frustrated if they are introduced too early into projects which
still need significant amounts of work devoted to technological adaptation.

All these factors imply the need for simple, though refined, project structures,
with limited numbers of participants playing multiple but clearly articulated roles. The
SPAL experience suggested that there are three project structures in particular which
are worthy of support in the context of technology diffusion programs. Catalytic
projects have a strong technology push element and were predominant in the SPAL. In
such projects there are keen technology providers and a large potential demand, which
remains unrealized because of a poor appreciation of the existence, feasibility or
potential benefits of the technologies in question. Catalytic projects aim to demonstrate
these aspects and thus create the starting conditions for diffusion. Critical Demand
projects also aspire to the promotion of widespread diffusion, though this time by
demonstrating that profitable opportunities exist for technology providers in areas of
real but fragmented demand. A final category can be termed Public Good projects. In
these the incentives for technology providers to participate are low, often because
demand is restricted and profits difficult to realize. The public good which results from
such projects, however, is enough to justify action on the part of the Commission.
Health, urban and environment-related projects often fall into this category.

These three project types have very different dynamics and require distinct
funding structures. Catalytic projects usually had difficulty establishing and
maintaining the interest of participating end-users at the demonstration stage. End-
users were interested in taking part in projects because of the technologies they would
appropriate at the end. Few were interested in technological diffusion outside of their
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own organization, particularly if this diffusion benefited potential competitors, and
especially if they were expected to pay a considerable portion of project costs. This
type of situation argues for offering larger incentives to end-users and smaller ones to
the technology providers, who normally stand to reap the major rewards of widespread
diffusion. The opposite applies to Critical Demand projects, where the technology
providers, not the end-users, often require additional incentives. In Public Good
projects, high levels of support are frequently necessary for both suppliers and users.

In many public Science and Technology programs it is common for the
proportion of publicly funded costs to be fixed. Normally these costs are calculated at
the institutional level, for example each organization is allowed to claim, say, 50
percent. On other occasions there is greater flexibility: the 50 percent level can apply
to projects rather than institutions, allowing participants to agree on different subsidy
levels among themselves, with the proviso that the total level for the project does not
exceed 50 percent. It can also apply to whole programs, giving program administrators
the flexibility to include projects subsidized at different levels as long as the agreed
level for the program as a whole is not exceeded. The usual rationale in R&D
programs for setting project or program-level subsidy limits, as opposed to
institutional-level limits, is to allow smaller firms to participate, since SMEs often have
difficulty devoting sufficient resources to R&D. The SPAL experience with
Technology Transfer programs suggests that there are even stronger arguments for
more flexible funding regimes. Project-level subsidy limits in particular would allow
technology providers and end-users to enjoy variable funding levels, whereas program
level limits would probably be required to support many Public Good projects. In the
Specific Projects, although overall subsidy levels for individual projects were fixed at
specific levels, there was some scope for individual participants to benefit from
differentiated subsidy levels compatible with the roles they were expected to play. This
is a practice which deserves to be encouraged in other initiatives.

The evaluation of the SPAL noted that the main arguments in favor of the SPAL
continuing are that:

* It continues to complement national actions by adding a transnational
element.

* It is still the only technology diffusion mechanism which can be exploited by
participants in some countries.

* It remains a showcase for the necessity of sound technology transfer
infrastructures in the European Union.

* There are key niches which are not adequately covered by other Commission
policies and which require action at Union level. For example, the SPAL
can be an effective mechanism for tackling issues such as the cross-border
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dissemination of established technologies in areas which fall within the remit
of urban and regional authorities, e.g. water management.

* There is always a need in an imperfect world for actions capable of
exploring and evolving policy solutions to new and emerging problems.

* As other parts of the Commission structure expand their remit to cover
technology diffusion in particular technology areas, application domains and
geographical regions, there remains a need for a vanguard action line which
can generate lessons of broad applicability.

* Although the SPAL has generated many lessons to date for the practice of
technology diffusion, there are still key areas worthy of further exploration.
In particular, there is scope for more effort to be devoted to effective
dissemination strategies, to the identification of demand, and to the
construction of projects which really do satisfy the needs of end users via
tailored technological solutions.

Program Combinations

The review of programmatic, hands-on actions distinguishes between Technology
Capability, Diffusion, and Bridging programs. We need also to examine the
appropriateness of these measures in different circumstances, in particular whether such
measures are best suited to any of the IT Diffusion Phases or IT Adoption Stages
discussed in Chapter 2, and whether they are appropriate for different sets of IT User
Groups.

Different IT Adoption Stages merit particular policy mechanisms such as
awareness programs to correct information failures; consultancy programs to help firms
analyze barriers to technology adoption; subsidy mechanisms to help firms overcome
resource deficiencies impeding optimal change at the acquisition stage; and training
mechanisms to help firms overcome utilization barriers due to capability failures
(Figure 4).

Considering the range of mechanisms used by OECD govemments, awareness
schemes are indeed used at the information stage; consultants are used at the analysis
stage; and training schemes are used at the utilization stage. The missing element is
subsidy at the acquisition stage. Programmatic schemes that subsidize the purchase of
IT hardware and software seem to have fallen out of favor, though there are programs
in some countries that associate tax incentives with capital equipment purchases.

Perhaps the most important message, however, is that multiple mechanisms are
used to tackle the barriers at each of the adoption stages. For example, to overcome
information deficiency barriers at the Information stage, governments use technological
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capability, diffusion and bridging mechanisms. On the capability front, R&D project
support is used to generate relevant information; Institute/University linkage programs
make the connection between particular information sources and recipients; and
technical information programs amass and channel information to interested parties.
Bridging instruments, such as education and training programs, are also used to remedy
information deficiencies, and awareness programs are popular diffusion mechanisms to
overcome information poverty. At each of the other adoption stages, no one barrier is
best tackled solely by one policy tool, and a mix of tools can be applied at each stage.
Similarly, individual tools can be used to tackle a variety of diffusion barriers at
multiple adoption stages.

One possible explanation for the lack of correlation between policy mechanisms
and adoption stages is that the policy mechanisms identified and researched in OECD
countries were wrongly or poorly classified in Figure 14. This may be true, in which
case the mechanisms could be reclassified into different categories, each appropriate to
a different adoption stage. We prefer to believe, however, that the right way to resolve
or overcome technology adoption barriers is to consider the use of multiple mechanisms
at each adoption stage and the use of single mechanisms at multiple stages.

There are policy implications associated with this state of affairs. In the absence
of any correspondence between particular policy tools and adoption stages, one option
is to devote time and effort developing a thorough understanding of the complexities of
the diffusion process in order to tailor an appropriate policy solution and arrive at the
right policy mix. This means devoting considerable resources to the evolution and
maintenance of an effective 'intelligence' capability. The alternative is to foster a rich
mix of support measures spanning all the adoption stages, which involves less targeting
and fewer resources devoted to the intelligence function. It also gives target audiences
a choice of policy instruments. The onus for choosing the most appropriate policy mix
shifts from the 'supplier' of technology diffusion programs to the 'user'. The downside
is the expense involved in maintaining diversity and the inefficiencies associated with
overlap and duplication.

When we look at the match between policy instruments and the diffusion phases
of Substitution, Enhancement and Transformation (Figure 2), we might expect a similar
situation, with multiple policy instruments applicable in all levels. Each level of IT use
can be decomposed into the same set of functionally equivalent adoption stages (Figure
5), and we should not therefore be surprised to find a similar mix of policies in each
diffusion phase or level of use. The key question is whether there are any shifts in the
composition of the mix from one diffusion mode to another.

In theory we might expect qualitative and quantitative shifts. In the substitution
phase, the focus might be on instruments designed to overcome information
deficiencies and subsidize the acquisition of IT; policy mechanisms in the enhancement
phase might concentrate more on training initiatives to improve utilization; in the
transformation phase the scale of the structural and organizational changes required to
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maximize effectiveness and efficiency increases might call for an emphasis on
consultancy schemes at the analysis stage. One might also expect transformation to be
supported by infrastructural initiatives driven or initiated by government.

In practice there is little evidence to substantiate these expected variations in
emphasis. This is due to three factors: the extent of diffusion amongst firms of
different sizes; the nature of the diffusion phases or usage levels; and the focus of
government policies. Consider, for example, the spread of IT in organizations of
different size. Few large organizations in OECD countries are untouched by IT. Most
have gone through the substitution phase, and many are well into enhancement, but
comparatively few have experienced transformation. In comparison, the proportion of
smaller firms untouched by IT is much larger, and those that have been touched have
only substituted IT for older technologies--few have experienced enhancement and
transformation. Of the very small firms, many have not even entered the substitution
mode.

Across all firms, therefore, substitution remains the dominant IT diffusion mode,
with relatively little enhancement and transformation. Moreover, since the focus of
much IT diffusion policy in the OECD has been on efforts to diffuse IT in SMEs--
where substitution is often the only diffusion mode--the collective experience of policy
instruments relevant to the enhancement and transformation modes is limited. This
makes it presumptuous to say too much about correct policy mixes on the basis of
current experience.

Nevertheless, a comment on the focus of government IT diffusion policy in
different diffusion modes is merited. Many OECD programs are aimed at SMEs, often
based on the assumption that technology adoption is not a problem for large firms, or
that it is illegitimate for governments to intervene in their affairs. These propositions
need to be examined in terms of technology life-cycles and the different levels of IT
diffusion.

For capturing the substitution-level benefits of mature technologies, the case for
government support is stronger for SMEs rather than for larger firms. There is little
point, however, in encouraging immature technologies in SMEs because they can rarely
take substantial technological risks that may threaten overall business viability. Larger
firms are in a better position to take on such risks, but they may still need government
support to make the risks palatable. For all the 'public good' reasons rehearsed earlier
in this report, it is sometimes in the interests of governments to provide such support.

The situation changes when it comes to capturing enhancement--or
transformation--level benefits. The case for supporting the diffusion of immature
technologies decreases for both large and small firms because such technologies are not
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yet ripe enough to be used as anything other than experimental substitutes for existing
capital equipment. For more mature tec}nologies, however, the case for government
support increases from substitution to enhancement and transformation, given the
increasing size of the barriers to diffusion, even for large firms. Both small and large
firms may need support when they contemplate moving into the transformation-level of
use. Figure 15 summarizes the position by depicting the strength of the case for
government support in various situations.

The correct mix of policies for reaping substitution, enhancement and
transformation benefits will only become more apparent as experience with each mode
increases. In the meantime, it is possible on the basis of OECD experience to say more
about program combinations suitable for different IT user groups. Different company
types have identifiable support needs, and it is possible to identify 'packages' of actions
likely to be useful in addressing these needs.

The Strength of the Case for Government Support of IT Diffusion. Figure 16
groups firms into four categories according to their ability to deal with technology in
general, including IT. The hierarchy of technological capabilities corresponds roughly
to a hierarchy of firm size. The Figure also distinguishes between three types of
support packages and the user categories that stand to benefit most from them . The
packages correspond to three of the main barriers to IT diffusion. The Demonstration
and Awareness package is aimed at rectifying information deficiencies; the Network
package is designed to resolve infrastructural weaknesses; and the SME package is
meant to alleviate internal capability deficiencies in the target audience for many OECD
initiatives.

There is likely to be a common need for Demonstration and Awareness support
across the entire hierarchy of users, although this need declines at higher capability
levels. However, it is still important to include firms at the top of the hierarchy to take
part in demonstration activities, precisely because their competence makes them ideal
sites for demonstration activities. In Swedish industry, for example, the largest and
most competent firms were the first to adopt new technologies such as CAD/CAM or
robotics. They then actively participated in diffusing the capabilities built-up from
early use to other parts of the industry.

SMEs are typically at the three lowest levels of the capabilities hierarchy, and
policies are needed to allow them to exploit new technology and move up the capability
ladder. The firms at the three highest levels of capability development have some
ability to deal with technology without having to be helped, but they can be supported
by informal, interpersonal networks of technologists.

Figure 17 shows how the different categories of action described in this report
can be assembled into these three types of package. Whether it makes sense to use all,
some, or none of the ingredients in a particular country and time can only be
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Figure 18. Potential Make-Up of Support Packages
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determined case-by-case. The needs addressed by the packages are relatively generic,
however, and should recur in many countries.



VI. DESIGN RULES-OF-THUMB FOR POLICYMAKERS

Designing technology policies and programs is a relatively new activity that
involves a great deal of tacit knowledge. This chapter attempts to set down some rules-
of-thumb to help in the program design process (Figure 18). It deals with four aspects
of program design: (a) the portfolio of technologies; (b) design criteria; (c) delivery
mechanisms; and (d) management and administration.

Technology Portfolios

Technology Strategy

National strategic capabilities should be maintained and developed to provide a
minimum national competence in emerging technologies and to evaluate and create
capable partners for transferring and diffusing appropriate technologies. The national
policymaking system should evaluate technological change and its implications for the
economy. It should monitor and establish liaison with specialist technological
communities to prioritize resources. It requires either a central strategic planning
capability for policymaking or effective coordination mechanisms between
policymaking agencies.

Technology can be diffused only by those who are competent in it. To meet the
needs of supply industries and potential users, strategic capability is needed in selected
new technologies. This capability should be created or made available ahead of
industrial needs. Swedish policy, for example, has traditionally distinguished between
those areas of science and technology where the country needs to meet essential
industrial or social needs, and those areas where a background or monitoring level of
activity is required for 'make/buy' decisions and for 'bootstrapping' capability to
increase the national effort should this be needed.

Choice of Technology

Diffision policies should be designed to take account of technology life cycles
and user needs. Policymakers should resist the temptation to diffuse immature
technologies appropriate to research programs. Maturer, 'packaged' technologies are
appropriate for wider diffsion, especially to SMEs. The relevance of programmatic
interventions in different technologies is partly a function of their maturities (Figure
15). There is potential for 'trickle down' technology diffusion as technologies mature,
beginning with university research, moving into large-firm research laboratories, and
eventually being exploited in turnkey form by SMEs.



Figure 19. Aspects of Program Development
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Trickle-down reflects differences in technological capability and indivisibilities
associated with the high cost of working with new technologies in the early stages.
Supply-oriented R&D can help the national research infrastructure and technologically
competent firms to acquire capabilities early in the life of a technology. As the
technology develops, advanced users can benefit from demonstration projects. When
the technology becomes 'packaged' and easily transferable, it becomes possible to
accelerate diffusion among small firms. Forcing the pace, however, tends to damage
technology recipients, who waste resources on immature, unusable technologies.
SMEs are most vulnerable.

Many European governments were promoting expensive, minicomputer-based
CAD systems to larger companies in the early 1980s. By the early 1990s, the
technology was generally regarded as mature and was widely diffused among larger
companies. At the same time, the CAD center at Waterford in Ireland was showing the
benefits of helping small firms apply PC-based solutions.

Policy should help users reach the right level of technology for their needs, which
may be 'appropriate' or 'advanced'. In deciding the 'portfolio' of technologies to be
supported, program designers need to consider not only which technologies should be
involved, but which levels of technology. Even among SMEs, the needs for different
degrees of sophistication in a technology vary: some companies can benefit from help
in reaching average or 'good' levels of practice in their use of technology; others
require advanced technology. If policymakers fail to recognize this, they risk falling
into the 'appropriate technology' trap. The appropriate technology movement of
twenty years ago believed that providing developing countries with less advanced
technologies than were available in industrial countries would enable easier
development and establish an alternative growth path. In certain respects, this was
undoubtedly useful. When applied to sectors of the economy exposed to international
competition, however, the 'appropriate technology' argument is a prescription for
institutionalizing competitive disadvantage. The same logic applies to individual firms
exposed to technology-based competition. Insofar as the state is willing or able to
support such firms, it needs to operate at the state-of-the-art rather than at the 'average
practice' level adequate for firms in domestically-oriented or sheltered sectors.60 The
Irish system for manufacturing industry support has taken this point, offering both
'workaday' technology support and world-class technologies.

Technology demonstrators should function well. They should demonstrate
incremental, not radical, technological changes in realistic, not generic or simulated,
applications. Demonstrators can be extremely effective persuasion tools, if properly
executed. They address the engineer's and the entrepreneur's skepticism, directly
answering the typical requests: "Give me hardware" or "Show me". It is crucial that

60 Even here, there is a more macroeconomic argument for raising the level of technology used as
high as possible, since this influences both the efficiency of the economy as a whole and that of the
environment (domestic component-suppliers' capabilities) available to internationally competing firms.
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they actually work, that they demonstrate something sufficiently incremental compared
with average practice so potential users can see how to exploit the new technique, and
that they relate to practical and relevant applications. Demonstrators aimed at
widespread diffusion, especially among SMEs, should involve real users in real
factories, rather than showpiece university or institute installations. If this condition of
well-functioning, realistic demonstration cannot be satisfied, it is a strong signal that
the technology which the program seeks to diffuse is insufficiently mature.

The foci of technology diffusion programs should correspond to the diffusion
phase. Germany has seen four waves of manufacturing technology programs.
Hardware subsidies were important ingredients of company support in the first two
programs, and program management focused on the purchase of 'black box' solutions
or 'technical fixes'. The tendency was to automate islands within existing
organizational structures and old or inefficient processes. This type of emphasis is
perhaps appropriate for substitution, but insufficient to meet the challenge of
enhancement- and transformation-levels of use. The 'softer' focus of recent German
programs attempts to address the more challenging and complex aspects of IT adoption
characteristic of more advanced diffusion modes.

Design Criteria

Portfolio Coherence

Program designs should reflect their place in the portfolio of support actions. In
'packaging' groups of programs, based on the needs of the user segments served, an
'industrial extension service' might comprise the following ingredients:

- A diagnostic function, helping SMEs identify their major problems and
outlining solutions. Examples include AMTAP in Canada and NTAP in
Ireland.

* Implementation support, through related programs like the Manufacturing
Consultancy Service in Ireland.

* Support services for firms that are, by themselves, able to identify specific
needs but for whom a solution may be out of reach--due to financial
constraints, or as a result of indivisibilities. Examples include IRAP
(Canada), the MCS Quality service, and AMT (Ireland); CIM-
Fertigungstechnik and BMFT Quality program (Germany).

An important task for the program designer is to ensure that the programs
included in such a package are complementary and that, where necessary, there are
mechanisms for transferring programs, for example, between technology audit and
manufacturing consultancy.
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Goals

Program goals should be realistic, systematized, measurable, and attainable.
Significant changes in goals during the life of a program should lead to a review of
program design. Goals should be systematized, so they can clearly be communicated
and appropriate measures can be designed, and quantifiable, to tell whether the
program is succeeding or failing. They should be attainable, otherwise the action falls
into disrepute at the political level and risks losing its budget even if its actual
achievements are positive.

Changes in program goals can lead to the need for changes in program design. A
program designed to do one thing well is not necessarily best placed to do something
else. This was, for example, the experience of AMT Ireland. Policymakers and
program managers have a responsibility to verify the appropriateness of program
designs when goals change significantly.

Initial Conditions

Non-technical as well as technical conditions must be understood at the outset if
a program design is to be effective. Programmatic interventions are often reasonably
clear about goals, but they make assumptions about the situation they are trying to
influence such as the availability of skilled people, the degree of maturity of a
technology, the willingness and ability of economic actors to take rational decisions, or
the availability of various complementary assets.

Untested assumptions may be untenable. As the old engineering saw has it, 'It's
not what you don't know that kills you. It's what you think that you do know.' For
example, the Irish C*STAR project incorrectly extrapolated consumer behavior from
Denmark to rural Ireland, assuming that behavior in an affluent 'telephone society'
with a long tradition of telecommunications would predict behavior in a relatively poor
society with low telephone penetration where good-quality telecommunications were a
recent innovation. The Dutch ASICs program assumed that familiarization with new
technology was sufficient to allow take-up. It turned out that the technology design
capabilities of the types of relatively small firms supported in the program were
inadequate to handle a step-change in design complexity and risk.

Software engineering programs in Sweden, Ireland, and elsewhere have struggled
with low levels of engineering capability among software writers. Efforts to introduce
new tools and methods, notably CASE, have had limited success because they have
implicitly jumped ahead of users' skills and capabilities. CASE tools have been
available for some years, yet software design and implementation processes have
progressed little beyond the 'craft' stage. The processes need to change before the tools
can be applied. This realization has pushed the Dublin City University Software
Engineering Center most in the direction of education rather than pure 'IT Diffusion'
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through pushing CASE tools, while the Swedish IFIS activity has focused more on
education and technology tracking than tool dissemination.

The Irish National Software Directorate provides another important lesson about
initial conditions. A national strategy to increase software capabilities was established
on the basis of an emerging competitive strength in the industry - much of it resulting
from the location decisions of key multinational software and systems houses. As a
result, there is an emerging national software industry that provides a base for
development, a set of potential employers in addition to these who help create a labor
market in software skills, some access to international distribution channels through the
multinationals, as well as a strong software education infrastructure. Compared with
attempts to create a software industry from scratch, these are potentially formidable
advantages. They suggest the wisdom of development strategies which build on
existing specific starting-positions and strengths, rather than trying to create these from
scratch based on generic advantages such as low labor-costs.

Scope and Duration

The chosen mechanism should target the scope and likely duration of the
problem, identify the relevant target populations and ensure that complementary
measures are in place. For example, direct interventions that can address only a small
part of the problem will be insufficient: a program aiming to bring CAD/CAM to 5000
SMEs but which has resources to reach only 50 is unlikely to be successful. Program
redesign, such as reducing the target number of firms to 30 and using the balance of the
available funds to support demonstrations and awareness may increase effectiveness.
Specific problems need specific solutions. For example, tax incentives or hands-off
measures such as general awareness programs are likely to have little impact on
problems of technical skill shortage, which may be better addressed by providing
education, training, and demonstration projects.

The likely duration of the problem should be understood, and appropriate short-
or long-term measures selected. Many short-term or transitional problems, such as the
one-time adoption of a new technique or a standard, may be tackled by a program of
determinate length. Other problems, such as availability of certain categories of skilled
manpower, are more likely to require institutional or infrastructural solutions. For
reasons of continuity, it may well be better to use existing mechanisms where possible
to deal with short-term problems.

Finally, it is important to ensure the planned conclusion of the program is likely
to resolve the problem addressed or prepare the ground for needed follow-up measures.
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Alignment with User Needs

Technology difiision is about users not technology. User needs should be
carefully researched before diffusion programs are put into place, and policy actions
should be aligned to user business priorities. Programs must help users achieve their
strategic priorities or business goals, while not requiring them to take risks which they
see as so large as to be unmanageable. Diffusion programs work by improving the
rationality of business processes, a point sometimes overlooked in program design.
The potential beneficiaries generally experience business problems, not technology
problems. If the potential users fail to see how a program addresses their needs, the
diffusion policy is doomed. Successful technologies--and successful technology
diffusion programs--address business problems, rather than 'pushing' a technical
solution. This explains the link between top-management innovation champions and
successful technology adoption by firms.

One recurring theme among poorly performing technology programs is over-
reliance on technology push. Particularly with programs oriented towards small firms
and consumers, it is hard to avoid some degree of technology push - typically, these
categories of actor are not able to play the role of 'innovative user' and have to be
encouraged into adoption. Hard data, typically based on some form of intelligent
market research, are needed to understand and quantify the problems experienced by
users. Otherwise, interventions can be based on imagined rather than real problems, or
may promote the use of inappropriate technologies. For example, this could probably
have prevented the failure of C*STAR to create a videotex user-base in Ireland, by
testing the viability of the proposed applications, which were largely irrelevant to the
needs of people in the trial communities in Ireland's less-developed West.

Changes in technique pose risks that go beyond their investment costs. For
SMEs especially, they can be life-threatening. Therefore, programs should use subsidy
to reduce risk, where appropriate, and encourage users to take steps of manageable
size. Where it is planned to alter behavior, a key aspect of program design is to
understand what is being asked of the users. Typically, users of a program intended to
encourage take-up of a technology such as CAD/CAM or ASICs will need to do more
than merely to buy a 'black box'. The size of the economic risks and organizational
changes involved need to be understood by program designers if the program is to ask
users to take bearable risks.

Using Market Signals

Program design should exploit market signals and coopt firms' economic self-
interest to help reach program goals. It is easy for state programs to obliterate
economic signals coming from the market. In the field of IT, this has been a particular
problem in the monopoly telecommunications services industry. For example, state-
sponsored efforts to create videotex businesses within the PTTs have been for the most
part unsuccessful. Technology-driven models offered to the market by monopolies have
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duly been rejected. France Telecom's Minitel service appears to be an exception, but
the economics are not fully in the public domain, so this perception cannot be tested.

Program designers addressing an area of market failure increasingly recognize the
danger that a high subsidy level obscures market signaling and can lead to economically
irrational behavior on the part of firms and therefore the system as a whole. Designers
should look for financial contributions from firms receiving assistance more as a
measure of the firms' commitment than as a way to raise revenues. In this they are
encouraged by EC rules on maximum subsidy levels, which tend to operate as OECD
norms.

This makes sense in securing program implementation and follow-up, since it
should then be in companies' commercial interest to act as the state desires. Another
important mechanism for coopting companies' commercial interests is by exploiting
relationships along the supply-chain. Swedish experience in diffusing CAD/CAM and
Product Data Systems (PDS) within the automotive components supply industry
indicates the power of coopting Volvo and Saab, which then impose improved levels of
IT on their sub-suppliers. The major companies can also be coopted to the
management of programs, or to supervisory committees. Again, Swedish experience is
that this helps keep programs industrially relevant, although there is always a risk that
the programs become dominated by the companies involved, which tend typically to be
the larger ones in the economy.

Program managers should not be required to make a profit while trying to correct
a market failure. Firms' financial contributions provide one way to measure program
performance because they represent the level of industrial interest in the program.
They also provide a temptation to policymakers to retrofit a revenue goal to the
program, especially in business/technology audit and consultancy services. As a result,
program managers often find themselves struggling to achieve financial break-even
while operating in a market failure. The two are not compatible, and program
managers find themselves having to choose between pursuing program goals (such as
helping SMEs) and pursuing revenue by chasing commercial customers (such as
MNCs) which are, by definition, not in need of support. One solution is to equalize
the value of different customers to program managers by making the subsidies explicit
at the project level, rather than subsidizing the program as a whole. This should
ideally be done by program management, rather than introducing a separate layer of
external bureaucracy.

Learningfrom Experience

Good program design builds on experience to create coherent, tested diffusion
mechanisms. Program evaluation, and use of evaluation results, are key mechanisms
for learning from design experience. Program design should exploit other programs'
design features, while seeking to avoid reproducing others' mistakes. This can only be
achieved, however, if programs are systematically evaluated. Evaluation is a useful
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tool not only to measure the effectiveness and efficiency of a program, but also at the
outset, as a form of 'design review', using external experience to reduce the risk of
built-in errors. Today, a growing body of program design experience is available,
much of which is documented in the evaluation and innovation literatures. More tacit
aspects can be accessed through discussion with past and current program managers and
by ex ante appraisals of program design. Nonetheless, failure to learn the lessons of
past programs is a recurring feature leading to weak program design and
implementation.

The other measure that should be taken to improve program design and
learn from program specific experience, where possible, is to conduct a pilot test to
identify design weaknesses ahead of full-scale implementation.

Delivery Mechanisms

Stability and Continuity

Stability in program delivery mechanisms and continuity with existing institutions
should generally be preferred to frequent changes in the state support system. 'One-off
programs impose complexity and learning costs on both users and the bureaucracy. A
key success-factor for the Canadian system is its stability, and major programs such as
IRAP have been in place across several decades. They remain relevant because they
can adapt to working with the currently-dominant technologies within established
institutional routines. The apparent commitment to stability has important benefits for
program users, who do not need to waste time learning how to deal with multiple
policy actions, and who are more likely to know about the availability of support
because the support systems are deeply embedded in the industrial system. Similar
benefits have been obtained in Sweden through a succession of NUTEK programs, for
which the Swedish Institute of Production Engineering (IVF) has provided program
management. Correspondingly, there are normally continuity problems at the
conclusion of temporary interventions, as was the case with the INSP in the
Netherlands and IT4 in Sweden.

A related success-factor is continuity with existing institutions. This has been
particularly well exploited in the Netherlands' SBI, which exploited strong trade
associations to reach companies and influence IT use. The Innovation Centers program
exploited local political and industrial personalities and chambers of commerce to
create links into local SMEs.

Continuity is also an issue at the budget level. Some of the large, temporary IT
programs of the 1980s were funded by a group of agencies: INSP in the Netherlands;
IT4 in Sweden; Alvey in the UK. These encountered common difficulties:
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* Unwillingness by the contributing agencies to relax their administrative hold
on budgets for the period of the program.

* Administrative fragmentation, leading to delays and inconsistencies.

* Struggles between the funding agencies and the program managers for
control of the way funds are used.

* Confusion and disruption of established 'client' relations between agencies
and their traditional industrial partners.

Temporary, programmatic interventions tend to suffer from a mismatch between
the way in which capital and operating budgets are allocated, and the pattern of need.
Typically, it is assumed there is a need for capital to set up the program, and that this
need declines sharply once the initial investment has been made. In practice, the need
to spend this budget at the outset sometimes leads to poor decisions, with most of the
capital resource being committed before the precise needs of the program are
determined. Correspondingly, it is easily assumed that the operating budget is flat in
real terms through the life of the program. In practice, there tends naturally to be a
ramp-up period at the outset and a period of winding down at the end--often lasting
beyond the formal end of the program project overruns. Rigid, flat-line budgeting
leads to under-utilization of the program operating budget at the start and at the end.
In between, the program may be hard-pressed to fund all its projects. The implication
is that budgets need to be planned against the program life-cycle, rather than
necessarily meshing with an administratively tidy budget pattern.

Spatial Decentralization

The choice between geographically centralized and decentralized forms of
program delivery should be made on the basis of the technology skills and resources
required and the types of user served. In designing delivery mechanisms for IT
diffusion support there is a tension between the need for adequate scale or 'critical
mass' in the supplying organization and the need for proximity to users.

The forces encouraging central delivery are:

* A requirement for access to a scarce or expensive resource, such as ASIC
design facilities or skilled manpower.

* The need to maintain a self-sustaining group of professionals, refreshing
their knowledge and able to deal with a relatively 'lumpy' workload.
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Decentralized or local delivery is appropriate when:

* Those receiving services lack key business or technical skills and therefore
need either counseling or easy and frequent access to the technology
suppliers.

* SMEs are involved, because most are equipped to operate within a limited
geographical area.

* A high density of users is being served.

The appropriate degree of decentralization is an important success-factor.
Regional policies can often be a distorting influence, promoting the creation of small,
sub-critical outposts instead of a strong center or centers. This has been a factor
limiting the effectiveness of many of the Swedish regional technology centers.
Correspondingly, regional pressures in the C*STAR program are said to have
encouraged the creation of videotex centers in overly rural settings.

Critical Resources

Availability of critical resources must be ensured before program launch. These
resources may be external to the program, but may also include the availability of
administrative capacity and capability. Critical resources may be technical, such as the
availability of a transferable or 'packaged' form of the technology being diffused, or
non-technical, notably the availability of appropriate skilled manpower. The
administrative aspect is also important, especially for one-time intervention programs
where the authorities rightly fear creating a bureaucracy. In a number of cases,
however, programs have been launched amid a fanfare of publicity while having no
administrative capacity to answer the telephone, assess applications, or implement
decisions.

As the Swedish Jamtland project illustrates, people-based technology diffusion
mechanisms are effective but resource-intensive. There needs to be a mechanism to
'leverage' the experience of this type of resource-intensive transfer across a wider
population, such as a system of demonstration or reference sites or with an awareness
campaign. Technology diffusion is often a means to raise technology skill levels,
implying that relevant skills will tend to be in short supply. Skill-intensive technology
transfer mechanisms therefore need to husband people-resources with care.

Manpower and Skills for Program Delivery

Appropriately experienced and qualified people should be used in program
delivery. Consultants often have advantages for diffusion actions. The choice of
institutions or personnel to deliver IT diffusion support services must be driven by the
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levels of technology and user sophistication. Universities are often the unthinking
choice of program designers as technology sources or deliverers because they have high
status and are seen as cheap sources of competence. Many aspects of technology--
notably its implementation--are heavily experience-dependent, and much of that
experience needs to be in industrial engineering and management rather than in
research. In practice, universities are often able to deliver young researchers with
excellent scientific and technological grasp who can be helpful in some, but by no
means in all, program types.

The stage of development of the national technical consulting market can be an
important influence over the program designer's range of options. Where capable
consultants exist, and where they have succeeded in establishing a market, it becomes
viable to exploit them through referral services. This viability depends not only on
only the existence of supply but also on the demand-side being sophisticated enough to
value and exploit consultants' services. Consultants are often keen to be involved in
policy actions, because they produce a stream of qualified sales leads.

When private consultants are involved in public policies for IT diffusion, the
state may operate or pay for a diagnostic service--typically described as a technology
audit. This service can refer users to specialized state services, services delivered by the
private sector with state subsidy (such as quality certification and improvement), or
suggest implementation actions outside the state sector (such as commercial consultants
or in-house implementation). Experience in the Netherlands SBI program and
elsewhere suggests that using private consultants at the diagnostic stage is particularly
productive: the consultants tend to 'over-deliver' in the hope of winning further
business. In this way, the consultants' commercial objectives complement state policy
objectives.

Leveraging Experience

People-embodied technology transfer mechanisms are the most effective but are
resource-intensive. Structures should be designed to 'lever' expensively-gained
diffusion experience broadly across the economy. Program delivery often involves
resolving the contradiction between effective technology transfer, which is demanding
of resources, and the need to disseminate technology and knowledge about technology
as widely as possible. It has become almost axiomatic in the technology transfer
literature that 'technology walks on legs', and the programs which diffuse technology
through personnel loans and placements appear to be particularly effective. However,
their cost limits them to small numbers of target companies, so they need to be
employed with care in combination with other mechanisms that 'leverage' their effects
across the broader pool of potential users.

A great deal of technology transfer and improvement happens through formal and
informal networks of people. Encouraging networking around programs is an effective
way to 'lever' the program budget. A range of strategies is possible:
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* Involving industrial representatives in the selection and dissemination of
small applied R&D, standardization, and handbook-writing projects of
interest across industry or a branch (VI/NUTEK framework program).

* Adding a minor but useful commercial service to a support program, to
attract and retain links with past and potential users (the Waterford CAD
center offers a commercial document-scanning service which identifies and
draws together the local CAD-using community).

* Awareness seminars, to promote the program and its goals.

As in the Dutch ASICs program and elsewhere, diffusion measures cannot easily
be 'tacked on' to existing program designs. This 'add-on' approach means the
dissemination activity has to function as 'technology push' because user needs have not
been researched, while coupling to users and their needs tends to be weak or accidental.
Where programs use diffusion measures to 'lever' other activities, both aspects should
be designed and tested as an integrated solution.

Cost Sharing

Experience suggests loan mechanisms do not work as intended in funding R&D
projects. Loans may be taken up and used effectively to achieve program goals, but
they are often not repaid. Grants should be preferred, especially where there is a
funds-matching mechanism to ensure the recipient's commitment to the project. The
fact that loans tend to degenerate into grants is a problem. Perhaps a greater concern is
that loan mechanisms tend to be rejected by some classes of potential recipient,
reducing the effectiveness of programs. However, diffusion projects are unlikely to be
effective unless firms participate in an active way based on: (1) top-management
commitment to ensure the diffused technology is relevant to the firm's business needs
and will find real application; and (2) technical work, without which transferred
technology does not tend to 'stick'. A financial and work contribution from the
participating firm should therefore be a priority for the program designer.

Management and Administration

Simplicity

As a general principle, applications procedures should be simple. The more a
program involves SMEs, the more important the simplicity and clarity of the
procedures become. Small companies rarely have the luxury of being able to devote
significant effort to an application and quickly lose patience with the process. It
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follows that criteria for granting support must be simple and communicated in a way
that is transparent to SMEs. Larger firms can more often afford the luxury of
forgiving bureaucracy and dealing with complex or poorly-designed forms and
procedures, although they should not be made to suffer in this way. Where there are
many applicants for support and a need to make a rigorously-based selection, more
complexity may be needed. Where allocation-decisions may be contentious (for
example, in respect of national 'shares' of support in EC programs) it may be hard to
avoid complex application and selection procedures, in order to prevent political
controversy.

Financial Management

While resources should be used carefiully, a sufficient share of the program
budget should be devoted to administration to ensure effective operation. Like other
bureaucracies, program managements are increasingly under pressure to minimize
administration costs. Temporary interventions are often under particular pressure, as it
takes time to build an adequate administrative infrastructure and to equip it with the
needed management tools. Several of the programs evaluated have been weakened as a
result of spending too little on administration.

* Proper financial management tools are needed; without them, programs
typically lose track of payments and subsidy recipients, and monitoring
becomes ineffective.

* An administrative structure should be in place before programs begin
spending money; otherwise program is delayed because it is hard to
implement decisions.

* Exploiting and modifying existing administrative routines and
'infrastructure' provides a rapid way to establish a new program
administration. A good practice is to use an administrator from an existing
program as a consultant.

* Where programs conduct projects themselves, they need internal project-
and time-management tools. University-related programs are particularly
prone to poor project management, usually owing to lack of staff exposure
to industrial project management practice.

* Quality of communication must be high. Policymakers are rarely given a
second chance to get their message across if they fail the first time.
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Business-Like Delivery Organization

Generally, the company legalform or an organizationalform which approximates
to it is the most effective program delivery mechanism. We have emphasized the
importance of not confusing the need for certain types of programs--typically 'industrial
extension services'--to collect revenues with the notion that these services can or should
be run as profit-making or break-even operations. There is, however, every reason to
use normal company forms of reporting, organization, personnel appraisal and reward,
and management information systems, as well as the disciplines of marketing and
financial management, in running programs. These tools of industrial management are
widespread and in many respects mature. The histories of AMT Ireland and the
Microelectronics Applications Center in Ireland, for instance, suggest that the use of
such tools tends to improve performance because the company form and cost-
accounting methods tend to make the economics transparent. There are also advantages
in using the company 'legal' form for tax advantages and flexibility in personnel
policy.

Monitoring and Mentorship

Where appropriate, programs should offer active project monitoring and
mentorship to participants, increasing the probability of project and program success.
The quality of project monitoring can be an important contributor to program success.
There are two primary reasons for monitoring projects: ensuring financial and
managerial rectitude, and providing technical and project management support.

The extent to which financial and managerial monitoring is important varies
between countries and programs. As a general rule, monitoring needs to be formal in
large economies and large programs, but can be less formal in smaller ones. Large size
itself makes informal tracking of project progress difficult. For example, in European
Community programs with their international and multi-organizational reach it is very
hard to know where and whether progress is being made unless there is formal
reporting and monitoring machinery in place. The inevitable remoteness of the
Brussels bureaucracy and national sensitivities within the Community reinforce the need
for formality. In Sweden on the other hand, with a population of 8.5 million people
and highly-developed networks of engineering industry technologists, technology
support and transfer programs work effectively with minimal formal monitoring.

Technical and project management support to projects can be extremely useful
aspects of monitoring. In the Dutch ASICs program, this was a crucial contribution to
the high technical success-rate achieved. Similar findings emerge from experience in
the Swedish AMT programs, where program managers (contracted to the state funding
agency NUTEK from the Swedish Production Engineering Institute) provide a
combination of 'light touch' monitoring and mentorship for projects. The positive
contribution of mentorship extends more broadly within technology. For example, in
the Alvey program of pre-competitive collaborative R&D in Information Technology,
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project monitors able to offer technological and/or project management advice were
identified as important contributors to project success. l

61 Ken Guy et al, Evaluation of the Alvey Program for Advanced InformationTechnology. London:
HMSO, 1991.



VII. IMPLICATIONS FOR DEVELOPING COUNTRIES

This chapter draws on the best practices of industrial countries and suggests
broad directions for adapting these lessons to the conditions of developing countries.
As IT users, countries must determine a feasible rate of adoption of the new
technology, consistent with their development and technological capabilities.

Barriers to Information Technology Diffusion

Developing countries face structural constraints that reflect their market,
institutional, technological, and infrastructure development. Market failures and
limited absorptive capacity are severe and pervasive. This section outlines the
challenges in adapting diffusion policies and programs to developing countries (see Box
8).

The differences between industrial and developing countries may be assessed in
terms of:

* Technology education and extension institutions;
* Telecommunications and IT-related physical infrastructures;
* Capital markets and financial institutions;
* Local IT supply capabilities and access to international know-how;
* Structure of domestic demand for IT;
* Technical and managerial capabilities;
* Government capability as user, regulator, and catalyst

Educational, research, and extension institutions of industrializing countries are
slow to respond to new generic technologies. Public educational institutions are
hampered by civil service constraints and weak incentives, which limit their market
orientation and the quality of their technology diffusion services. Institutions for
technology information, assessment, and quality assurance are often absent, and where
established, they are slow to recognize new technologies. Private training, local
support, and consulting services contribute to IT diffusion but are often limited to
short-term, vendor- or package-specific training and are typically of poor quality.
Large IT-user companies can obtain expensive foreign technology consulting services,
but SMEs cannot and they tend to underrate the benefits of intangible services and
instead rely on local vendors. Local vendors (representatives of multinationals) offer
limited consultancy, support and maintenance, particularly in the smaller and poorer
countries. They lack the know-how necessary to help local users adapt and use
technology.
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Box 8
Common Conditions of Developing Countries

- Technology education and extension institutions
R&D institutes: weak links to industry.
University education: slow response.
Private training institutes: low standards.
Technology support institutions: poor delivery of standards, extension, and
information.

- Physical infrastructure
Poor telecom: infrastructure and services.
Unreliable power supply.

* Capital markets and financial institutions
Poor access to credit for SMEs, particularly software and services suppliers.

* Inadequate lending for intangible investments.
No venture capital for technology start ups.

* Local supply capabilities and access to international know-how
Weak presence of IT multinationals.
Poor access to worldwide technology networks.
Information asymmetry between local users and multinationals suppliers.

- Weak user-producer interactions.
Underdeveloped local consulting industry.

* Domestic demand for IT
- The missing middle-size enterprise.
- Islands of sophisticated users.
- Under-investment in domestic market development.
- Weak incentives for technological upgrading.

* Technical and managerial capabilities
- Low informnation and computer literacy.

Inappropriate managerial attitudes for information management.
Institutional rigidities and constraints to learning

* Underdeveloped public sector capability as information collector and IT user.
Restrictive policies for public procurement and information sharing practices.
Underdeveloped legal framework for information sharing and intellectual.
property rights.
Lack of partnership between government and business.
Weak civil service.

Developing countries are poor in infrastructures that are key to IT diffusion.
The development of specialized electronic networks is constrained by the unreliability
and inflexibility of the telecommunications infrastructure, the poor regulatory
framework and the lack of standardization and coordination. Unreliable power adds to
the cost of IT use.
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Underdeveloped capital markets and weak financial institutions offer little help.
Software development, information services, and other IT-related support services are
typically small scale and operate in fast-changing, high-risk, high-payoff, niche markets
and financial institutions are reluctant to lend to them. These innovation-driven
industries are consequently undercapitalized, operating under severe short-term
horizons. Without sophisticated financial institutions and markets, IT adopters find it
difficult to borrow against potential benefits from intangible investments in information
and communications systems.

Because developing countries are not home to major IT companies, they lack
the user-producer networks that bring international know-how. Since the small, local
users are unsophisticated-sophisticated and can rely on no intermediary institutions to
organize them, they have limited bargaining power with multinational suppliers. They
lack shared facilities, support services, and other information channels.

Domestic demand for IT is low. Industry is characterized by small enterprises
and a few subsidiaries of multinationals and public enterprises. The medium enterprise
is missing. Because small firms lack exposure to best international practices, they
underrate the need for outside expertise. There may be few sophisticated IT-user firms
(including joint-ventures or subsidiaries of multinationals), but their research and best
practices rarely spread to others. Even large domestic IT users such as government
agencies do not understand their information and communications needs. Foreign IT
suppliers and local IT service industries underinvest in domestic market development
and user education. Inward-oriented, import-substitution strategies and other
restrictions to competition further weaken demand for information and technology
upgrading.

Technical and managerial capabilities are an important ingredient for IT
diffusion. These capabilities, beyond formal training, involve technology literacy,
organizational learning capabilities, and integration of IT planning into business
strategies. The ability to experiment and to change organizational and managerial
practices, are key to diffusion. Managers are likely to resist imperatives such as
information sharing, decentralized decision-making, and standardized business
operations.

The public sector has about half of national investment in IT in most
developing countries. Government procurement and investment practices influence the
domestic market. Government also weighs in on the development of the national
information infrastructure and local information services industry through
standardization, telecom regulation, public information sharing, and legal protection for
intellectual property and electronic transactions. The state could mobilize investment
and research in support of IT. But many governments have ineffective relationships
with business and the scientific community. Equally important is the potential to
improve government capability as IT user. But cumbersome reporting, poor
information recording, restrictive information sharing policies, and slow and costly
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transaction systems create information-poor, slow-moving economies, and
unaccountable public agencies.

Designing National Strategies

The IT diffusion strategies of industrialized countries should be adapted to the
prevailing conditions of developing. Market forces are insufficient to induce investment
in new technologies. For early adopters and small enterprises, learning costs are
prohibitive if unaccompanied by information and support networks. Country strategies
should therefore promote an integrated approach to incentives, institutions and
capabilities; access to international networks; development of technical skills,
managerial practices, and organizational learning capabilities; focus on demand
mobilization and user orientation; and development of government capabilities as a
catalyst and strategist.

Integrated Approach to Capability Development

OECD strategies to develop capabilities to use and diffuse IT involve more than
acquiring equipment. Diffusion requires adapting given technology and improving it.
The reality of diffusion is far from the neoclassical-classical view, which assumes that
technology is readily transferable through the market.

Capabilities to generate and manage change in production technologies (and in
product differentiation) are primarily developed by firms, through deliberate
investment. The need for investment in these capabilities has increased because of the
information revolution. But market failures and externalities are substantial. That is
why OECD governments have acted to ensure socially efficient rates of investment in
technological capabilities. Of particular significance is the focus of public policies on
IT diffusion for SMEs.

OECD countries have shifted toward policies to strengthen incentives for IT
adoption, to share the costs of IT consultant services and to develop specialized
technology institutions, networks, and skills. These programs were intended primarily
to diffuse IT to specific industries, but they were also aimed at influencing intermediary
institutions and thereby transform countries' technology support infrastructures to meet
the imperatives of new technology.

In OECD countries support for technology upgrading also has come from
private links and institutions - suppliers, customers, subcontractors, peer groups, and
financial institutions. An IT strategy must ensure that the private market place can
work, that international technical resources flow freely, and that financial institutions
are sound and competent. However, OECD experience cautions against presuming that
a liberalized marketplace will be sufficient. IT policies and institutions must enhance
private sector response and fill the gaps in the market.
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Diffusion requires modern, responsive telecommunications infrastructure.
Government and private agencies should work to stimulate development of specialized
electronic networks and value-added services such as electronic document interchange.
The role of private investors will have to be emphasized earlier than experienced in the
OECD and the NICs. Fundamental advances in telecommunications also offer late
industrializing countries opportunities for leapfrogging. Competition in
telecommunications services, to increase access and options for users, entails
increasingly sophisticated regulation, and thus new role for the state.

Access to International Know-How

Access to foreign information technology and best practices is critical to deepen
technological capabilities. As a generic technology, IT affects all other technological
capabilities. Most developing countries cannot afford the macroeconomics damage that
would result from protectionism in IT. Even in promising IT niches such as software
and professional services, developing country producers cannot keep with the pace of
change without exposure to foreign competition and access to productivity tools such as
software engineering.

Foreign direct investment is key channel of technology transfer, particularly for
small countries with limited technological capability and industrial experience. Foreign
investment transfers integrated resources: capital, technology, network capabilities,
marketing expertise, management and organizational skills, product design skills,
international standards, and total quality management. Such integration is key to IT
use and success.

Long-term foreign customers provide access to international know-how and
services. This is evident in India's, export-oriented software industry. Foreign
contractors of Indian professional services have provided access to the latest standards,
technological platforms, productivity tools, quality requirements, and up front
financing, particularly to small software firms. The contrast with other, inward-
oriented Indian industries is dramatic. In the OECD, demanding customers and leading
users play crucial roles in IT development and diffusion. "Learning by using" is
crucial for IT. Feedback from users encourages improved products and processes.
Exchange among long-term customers and suppliers is integral to Japanese
competitiveness.

The presence of multinational IT users and suppliers may be insufficient to
diffuse global IT knowledge widely. Developing countries need to build networks at
the national, regional, and international levels. They should join the recent explosion
of strategic alliances, cooperative research programs, information networks, and other

652forums of industrial countries. Regional forums would enable developing countries to

62 Given the research-intensive nature and globalization of the IT industry, advanced economies are

seeking international know-how. U.K. program launched in early 1993 helps medium-sized companies
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exchange experience, develop common IT applications, and address policy issues.
Regional networks would provide links to growing international exchanges.

Human, Managerial, and Organizational Development

In industrial countries the human, managerial, and institutional adjustments to
IT have been profound. Manual skills are losing less importance; information skills
are gaining importance. A firm's capability to absorb and diffuse IT and to adopt
flexible production and organization requires an adaptable work force. A
decentralized, networked, market-driven structure requires change in managing people.
Responsibility is being placed on the shop floor, in organizing work, ensuring quality,
performing preventive maintenance, planning production runs, and controlling
production costs. Service organizations are giving similar responsibilities to front line
staff to provide customized in-time services. New production and service systems rely
on flexible, multi-skilled workers (Vickery and Campbell, 1989).

Management is key to technological dynamism. Progressive enterprises scan
technological trends, build alliances, experiment, and diffuse best practices throughout
the firm. Training, career planning for technical staff, incentives for innovators, and
other techniques of human resources management improve technological capability.
Similarly, executives need skills to formulate and then integrate IT strategies into
business plans. A key component of management development programs must be the
use of IT to build flat organizations, flexible structures and lean production.

The movement toward information-intensive economies challenges the education
system. As technology transforms the global economy, national development will
increasingly depend on the capacity to acquire and apply knowledge to work and
everyday life (Wadi Haddad, 1990). A national IT strategy should help technical
education institutions respond. IT should link university with industry, research to
consulting. The curriculum should involve information search and problem solving
Educators should promote computer literacy, develop educational software, and exploit
interactive media. Information scientists can help organize and disseminate knowledge,
and library scientists can help access information from databases and document centers.

establish alliances with similar companies in the U.S. The alliances have various purposes, such as
technology transfer, product development, collaborative marketing and franchising. The program
identifies and provides information about potential U.S. partners and services needed to explore possible
arrangements and form alliances. Program services include assistance in preparing business strategies
and alliance proposals as well as identifying prospective partners.
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User Orientation

IT strategy must be user-oriented. The strategy should target information-
intensive services and industries with international trade prospects. For country-
specific applications in important sectors such as agriculture, a user strategy would
encourage the development of local IT supply with specialization in applications such as
irrigation control, marketing information, research, and extension

User orientation involves organizing user groups, schools, libraries, and
professional associations to share experience. It builds relationships among suppliers
and users. IT develops national technology assessment capabilities to channel research
and demonstration projects to country-specific information, communication, and
productivity problems. It experiments with inexpensive technologies to spread IT
benefits. Storage media such as CD-ROM bring vast scientific and technological
information within reach of the poorest nations. Satellite and radio technologies bring
communication services to small communities. SMEs can meet most needs with
personal computers. Low-cost methods build a critical mass of users and instruct them
about information needs, change management, and costs and benefits of this
technology.

User-orientation emphasizes demand, particularly for SMEs. It may involve
subsidizing training, consultants, and applied research. Creating users of computer-
aided design or materials requirement planning will help advance maintenance and
support facilities, as well as specialized consulting and training. As more is learned
about the use of certain applications, "returns to adoption increase." Similarly, by
promoting electronic networks, shared databases, and network-based services,
subscribers and users grow, leading to "network externalities."

A user-oriented strategy does not imply that developing countries have little
prospect for participating in promising segments of the IT industry. IT is one of the
most profitable global industries and is likely to be the largest industry before the end
of the century. The production and adaptation capabilities of local IT suppliers in
certain IT segments such as application-specific integrated circuits, application software
and computer support services, are crucial to IT diffusion. Adaptation, maintenance,
and improvement processes are localized and specific to firms and institutions. The
distinction between producers and users of IT should not be overdrawn; intensive IT
users often become competitive suppliers (to wit banking and airline services).
Developing countries with large economies, skilled manpower and advanced industrial
structures may thus build their technological capabilities in promising segments of the
IT industry.
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Building Government Capability in Policy and Strategy

The state plays important and varied roles in the development and
implementation of IT policies and programs in all OECD countries. The U.S. and
Japan have promoted the IT hardware industry and software services. Their local
governments also have devised programs to diffuse IT to SMEs and established
technology parks to attract IT industries.

OECD governments have worked intensively with the private sector, trade and
industry associations, and universities and research centers, to shape their national IT
strategy. They have developed programs that included subsidize and shared services to
induce SMEs to participate in R&D projects, training, and demonstrations (Gassman,
1991). Many governments encourage educational and R&D institutes to start or
upgrade computer and software engineering services, electronics, informatics, and
information sciences. Local governments help build centers of excellence to attract IT-
intensive industries. As users, governments have influenced computer and
communications standards and promoted domestic markets for IT products. Although
often reactive to industry pressures, OECD governments are increasingly aware of the
role of standardization in furthering diffusion and competition among IT users and
suppliers. Finally, all OECD governments, individually and collectively set policy and
legal frameworks for the information society in intellectual property, privacy, and
public information sharing.

Governments need to involve the private sector early. This ensures responsible,
market driven strategy and sets realistic demands on government. Acting in concert,
can exert peer pressure on each other, share experience, and complement resources.
Over time, the role of government should become more selective and catalytic.

National IT strategies seldom emerge full-blown. They result from deliberate
and responsive measures, central guidance and local initiatives. In working with the
private sector, governments have learned to be catalysts and strategists.

The involvement of many public agencies in IT policy-making makes it difficult
to set IT priorities. Regional development measures often complement national IT
policies because the latter involves infrastructure modernization and small enterprise
development. International policies related to IT, such as inter-border data flow,
Electronic Document Interchange (EDI) standards, intellectual property rights, and
privacy laws, are growing in importance.

Although no standard national IT structure has emerged, OECD leaders are
examining ways of organizing policy-making to ensure harmony between goals and
organizational structure and maximize benefits. IT is instrumental to other goals, such
as productivity and innovation. As IT's impact becomes pervasive, the effectiveness of
a central IT agency will depend on wide consultation. Technology makes decentralized
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investment and initiative preferable, provided that key policies and standards are set
nationally.

As an IT user, governments have learned some lessons:

* Its lack of oversight and expertise hinders information sharing.

* Public agencies should contract out systems development and support
services given the pace of change and the inability of the civil service to
develop a responsive in-house information systems organization.

* Government should decentralize the planning and management information
systems. Centralization reduces flexibility to exploit advances and to orient
IT investment to needs. But government should set strategy standards and
policies and sponsor demonstration projects and the introduction of best
practices in public agencies.

* A central agency should provide guidelines for IT procurement, training and
occupational streams for informatics professionals, analysis of information
requirements, and planning and contracting for the development of public
databases and networks.

u Organizational and human factors are critical to computerization in public
agencies. Best practices involve top management in leading the
computerization process, in analyzing the information needs of various
stakeholders and clients of public institutions, and in directing IT
investments to enhance services, responsiveness, and accountability.

* The government should set broad directions and priorities for IT application
and invest in databases and networks of use across agencies.

* The computerization of complex systems such as tax administration and
health management is resource-intensive and requires concentration on
priority applications, and phased investments. A comprehensive view of
public computerization needs would identify infrastructural bottlenecks and
applications with high potential effect on a country's development.

Tailoing Strategies to Counties

A nation's IT strategy should be tailored to its technological capability, size and
structure of its domestic market, industrial development, infrastructure and technology-
support, literacy, managerial competence, and government and business relationship.
Box 9 illustrates IT strategies for five economies.
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Box 9
Country Typologies and Strategic Thrusts

1. New Industrializing Economies:

- Investment coordination and consultative mechanisms between public and private.

- Active recruitment of IT multinationals; promoting strategic alliances and
competencies.

- Investing in IT education and training.

- Investing in telecommunications and specialized networks.

- Export push: directed credit and selective promotion of electronics/computer
industry.

- Market-driven extension programs for SMEs in mature IT applications.

- R&D incentives and risk capital for domestic adaptation and niche export of IT.

- Demonstration projects.

2. Large, Industrializing Economies:

- Building competitive domestic markets for IT-support and software services.

- Improving public information management and procurement practices: promote
outsourcing, standardization and domestic competition.

- Reforming telecom and increasing private sector participation in value-added services.

- Modernizing financial institutions, public financial management, and infrastructure
through IT.

- Promoting the software industry for export and domestic use.

- Targeting key industries for mature IT applications.

- Promoting IT education and consulting.

- Technology parks and shared facilities.

3. Economies in Transition

Promoting strategic partnerships with multinational IT users and producers.

Building market institutions with IT: banking and finance, payment systems, labor
market information, and trade information.

(Cont'd)
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Box 9 (cont'd)

- Modernizing infrastructure, including telecom and trade logistics.

- Modernizing public services and freeing public information.

- Promoting IT use for environmental management and pollution control.

- Networking scientific, technological and educational institutions.

- Diffusing business applications in public and private enterprise.

- Modernizing business support services.

4. Small, Island Economies

- Modernizing telecommunications.

- Building teleport and data entry facilities, attracting information-intensive services.

- Exploiting IT in tourism: reservation systems, market information, enhanced and
integrated services, tourist infrastructure.

5. Low-Income Economies

- Improving public investment, procurement and management in and IT.
Promoting participation of users in the design of public information systems.

- Spreading information , particularly agriculture extension
and human resources development.

- Providing information on domestic and foreign markets.

- Modernizing basic infrastructure: power, telecom, transport.

- Improving government systems: tax and customs,
socio-economic information, financial management.

- Encouraging foreign participation in local training and diffusion.

- Promoting private IT consulting and support services.

Implications for Designing Diffusion Programs

The broad guidelines for designing diffusion programs in developing countries
should aim to establish: strategic fit, evolution and evaluation, complementary of
physical and intangible investments, low-cost diffusion, and institutional bridges and
intermediaries.
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Strategic Fit

Diffusion should start with a diagnosis of the market and environment so that
programs fit local problems. They should include monitoring, evaluation, and
continued adaptation. The needs and capabilities of potential clients and beneficiaries
should be identified.

Designing IT programs is a challenge given developing countries' limited
resources and the diversity of clients and the uncertainty of their response. Programs
should phase in coverage of clientele, sequence services, focus on highest priorities,
and take account of the learning curve.

In OECD countries, demand for diffusion services has developed with
awareness of the program and mutual trust among providers and users. In developing
countries, where the majority of users are likely to be unsophisticated SMEs, pilot
phase can test demand and assess barriers, such as program procedures and application
requirements.

Cost-sharing with clients of consulting services can augment the market.
Alliances with progressive users and early client participation in program design may
compliment market signals.

Alternatively, programs can be developed for large IT-user enterprises and then
transferred to their SME supplier. Large enterprises are easier to reach and are better
able to absorb and diffuse new technology to suppliers. For example, Sweden's
NUTEK funded an electronic document interchange (EDI) system at Volvo, and this
extended EDI use to component suppliers.

Strategic fit is enhanced by exploiting the complementarity of IT capabilities
and more established technological strengths. Germany and Japan have used IT to
build on their traditional strengths in machine tools and other engineering industries.
Developing countries need to analyze the complementary technological capabilities of
downstream user industries. Computer aided design for the garment and leather
industries is an example.

Evolution and Evaluation

Capacity for adaptation should be built into diffusion programs in developing
countries. IT programs and best practices continue to evolve in OECD countries. In
the early 1980s, they focused on supply-side constraints to IT production, financing
large R&D projects, assistance to national champions, and development of robotics.
Over time the emphasis shifted to assisting potential users at early stages of adoption.
That assistance has become selective. Some nations subsidize intangibles such as
training, consulting, and software adaptation, where adopters are likely to underinvest.
Others focus on SMEs that lack information, skills, resources, and contacts with R&D
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institutes that are a source of innovation and change. Over time, assistance has moved
from substitution and enhancement to transformation.

Adaptation involves regular evaluation. In Germany, the U.K. and the
Netherlands, diffusion programs have built on decades-old, industrial technology
policies and programs. Specialized evaluation tools, such as technometrics, are being
developed. Even "evaluation of evaluation systems" research is emerging.
Independent evaluation has led to successive generations of diffusion programs, or
"open program design". In Germany, in addition to formal periodic evaluation,
meetings are held among program managers throughout the country to share experience
and improve implementation. Results are discussed at all levels of the Ministry of
Science and Technology.

Complementarity of Physical and Intangible Investments

Programs and services should be packaged to ensure complementarity,
particularly between physical and intangible investments. OECD industrial intangible
investment now exceeds physical investment (OECD, 1992). Intangible investments
include software, market exploration, R&D, design, engineering, scanning, and
research activities to develop products and processes; and human resources,
organization and process redesign, and information infrastructure. Slow productivity
growth in OECD countries despite growing IT investment - the productivity paradox -
reflects insufficient intangible investment by government (poor education, ill-adapted
institutions, slow standard-setting mechanisms) and the private sector. Governments
increasingly focus on upgrading services that create intangible assets, such as standard-
setting, testing, consulting, information, and engineering services.

OECD diffusion programs target for cost-sharing intangible services necessary
to develop information infrastructure. They address two distinct market failures:
underdeveloped market for technology management and information services, and small
firms' ignorance of the benefits of assistance.

Complementarity between tangible and intangible investments is crucial in
developing countries, given the bias toward hardware and the limited capabilities of
SMEs. Developing countries and aid agencies appear unaware of the importance of
intangibles. Transfer of the best investment practices in intangibles is hard, as it
requires enterprises to redesign, retrain, and experiment. For complex IT applications,
it is even less clear what "product" is being transferred. In essence, most of the effort
concerns transforming management and production. Even the introduction of simpler
IT tools such as C.A.D. and M.R.P. involves changes in managing business,
developing products, planning production, and relating to suppliers and customers.

Diffusion programs in developing countries should provide implementation
assistance and mentoring along with general information about the technology. They
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should focus on solving business problems and facilitating institutional learning. This
avoids "technology push."

Low-Cost Diffusion

The most pervasive market failure is the lack of technical information. In
developing countries information dissemination is the least-cost means of IT diffusion.
Entrants must gather information about evolving technologies, distant sourcing, and
export markets. Small enterprises in particular are overwhelmed by the diversity of
standards, products, and pace of change in IT. Similarly, suppliers face increasing
requirements for quality, reliability, and integration of new products and
technologies. To enable local small enterprises to keep up, effective information
services, channels, and infrastructures should be developed. These may include
national technology intelligence, technical databases, seminars for local suppliers,
support to user associations, awareness campaigns, distance learning and open
university education. Technical services need to emphasize the costs and benefits of IT
use and address the common needs of small enterprises in terms that are relevant to
local conditions. In contrast to the emphasis on R&D in OECD countries, developing
countries should focus on technical information dissemination and intermediaries.

Diffusion programs should consider capital costs, particularly foreign exchange
costs, particularly foreign exchange costs. OECD countries have spread experience
throughout the economy by networking: involving industry representatives in
demonstration projects, workshops on program impact, and visits to model factories.
Subsidizing consulting costs also has helped spread information. Cooperative research
among SMEs should address transferability of results and conditions that promote
diffusion.

Another strategy is to focus on simple, mature, "package" IT for low-cost
extension and wide diffusion. East Asian NICs have diffused local M.R.P. and C.A.D.
tools on personal computers at low cost.

OECD countries have used diverse technology-support institutions (private
consultants, universities, public agencies) for cost-effective and responsive extension
services. Unlike direct public services, cost-sharing consulting schemes have built-in
incentives. They allow users to choose sources of technical assistance, foster new
suppliers, encourage competition and specialization, and prevent government from

63 New products and services include new semi-conductors, distributed control systems and
distributed information processing, electronic data exchange and integrated services, digital networks,
multi-media, opto-electronics and image processing, storage devices and CD-interactive technologies,
software engineering and design methodologies, client-server computing, object-oriented systems
development methodology, and graphical-user interface. These technologies are interdependent and new
solutions must rely on several technologies.
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crowding out the private sector. When intemational expertise is needed, it should be
associated with local consulting firms who can spread knowledge.

Cost-sharing arrangements should tailored to the changing risk and learning
profile of potential adopters. Late phases of diffusion should involve reduced
subsidies, as awareness of adoption and economic returns increases.

IT investments should be employed to induce organizational changes.
Productivity and flexibility can be improved by adopting the "lean production" and
"continuous improvement" innovations of the Japanese automotive industry. Some
researchers argue that these practices can be applied without any IT investment and
should be put in place first. Accordingly, investing in organizational change is a
higher priority than technological change for developing countries.

Our view is that technological and organizational changes should be
complementary. Developing countries should not be locked out of dramatic
improvements in information and communication technologies. Ideally
computerization follows review of business processes, an analysis that often leads to
dramatic corporate reengineering and process innovation. Application of IT to the
process improves productivity and flexibility. The introduction of modern information
and communication systems has another attraction for policy makers and aid agencies:
it encourages new managerial practices.

Building Institutional Bridges and Intermediaries

Successful diffusion programs rely on networks such as trade associations and
chambers of commerce to spread knowledge. This approach is responsive to industrial
traditions, local resources, and established client relations. It acknowledges that
support and dissemination comes from private channels and local intermediaries. In the
Netherlands, trade associations mobilize demand, articulate needs, share experience,
and ensure commitment among potential users. These programs also have influenced
universities and research institutes to be responsive to small firms.

IT diffusion programs should reward those institutions that respond to new
technological demands. They bring together IT suppliers, users, and consultants to
experiment and adapt. They stimulate the creation of consulting companies within
universities, self-financing of applied research and innovation centers among
enterprises. Where geographically concentrated, they help create dynamic learning
communities.

64 The process of clustering or networking was first noted among manufacturing industries and

attributed to economies of agglomeration.. IT is increasingly recognized as a source of competitive
advantage for knowledge-intensive industries, where shared learning and rapid informal communications
are crucial. See, for example, The Work of Nations, Robert Reich, Vintage Books, 1992.
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Diffusion in developing countries requires innovative intermediaries for
knowledge transfer. They may include "private-to-private" services, nonprofit
organizations, among others. Government subsidies for such services often better
stimulate demand and demonstrate their benefits than do traditional industrial extension.
Hybrid public-private arrangements are often used in areas with high economic returns
that are not attractive to the private sector.

Collaboration between universities and SMEs is problematic. Universities have
undeniable advantages in neutrality, expertise and cost. In many developing countries
they are among the few sources of scientific and technological information and
expertise. Yet universities and SMEs are fundamentally different in language,
knowledge, and sense of urgency. Most OECD countries have used intermediaries to
translate the expertise of universities for SMEs. Their experiments may be helpful to
developing countries, whose SMEs' technological, financial, marketing and managerial
resources are limited.

Programs to promote subcontracting (vertical networks) are most relevant to
SMEs. They often involve a significant degree of sectoral targeting. These programs
offer various services: searching for backward linkage opportunities within targeted
sectors; matchmaking firms; preparing SMEs for matchmaking through business
development advice and planning; and providing support and study tours to buyer firms
to develop vendor networks.

Dynamic SMEs depend on links with other firms in the same sector, or
complementary technology fields. Such networking depends on intermediaries such as
technical centers, marketing associations and development organizations, supported by
government. Diffusion and IT services such as software therefore should help build
these networks.65

Networks can be promoted through cooperative research. Twinning
arrangements and joint-venture development programs, particularly with foreign
partners, transfer technology and skills. Networks of public and private institutions
initiate, import, modify and diffuse new technologies as a "national system of
innovation" (Freeman, 1987). Creating such networks should be both an instrument
and an objective of IT diffusion programs.

65 Technological information reaches SMEs mainly through networks, both formal and informal,
involving diverse layers. Networks reduce the cost of obtaining reliable information.. They also provide
related information on markets. These networks tend to be personal and flexible, regional or local.
Understanding the type of networks used by SMEs, improving the effectiveness of these networks, and in
particular, improving their ability to 'distill' the expertise and know-how of universities are therefore
important to diffusing IT to the SMEs (OECD, 1992).
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Implications for Aid Agencies

Aid agencies should move beyond assistance to IT components of investment
projects. They should help governments become effective IT users, build their
competence to formulate and manage national IT strategies, and promote IT diffusion
throughout the economy. Aid agencies should take a long-term view of the roles and
capabilities of the public and private sectors and help create ability to learn and adapt
technology. They should promote public-private partnership, and help create local
capacity to strategically manage a national process of IT diffusion and learning.66 This
would include the development of consultative and diffusion mechanisms for private
sector involvement in planning and implementing IT projects. Such participation is
central to building technological capabilities and ensuring commitment to learning and
organizational change.

Aid agencies may play the following roles:

* Advise governments on the strategic implications of IT for key sectors like
trade, manufacturing, logistics (advanced infrastructures) and education.
They should help formulate strategies and policies to diffuse IT in support of
national development. The long-term objective should be to build local
capabilities for scanning the global environment and developing home grown
responses to the technological revolution.

* Assist in developing policies and infrastructures that support he diffusion of
IT and build links between If producers and users. Policies may cover
public and private investment in telecommunications infrastructure, private
sector competition in telecommunications services, technical education and
computer literacy, incentives for R&D and IT adoption, and promotion of
technical standards to facilitate diffusion and information sharing. These IT-
specific policies and infrastructures should complement, not replace the
fundamentals in macroeconomics stability and competition.

* Assist public and private collaboration in the design and implementation of
IT diffusion programs to improve competitiveness of private enterprises.
Priority may be given to SMEs whose viability is likely to depend on
effective use of electronic networks and IT applications. Aid agencies may
help promote private sector participation in the delivery of IT extension
services, thus reducing learning costs by drawing on the experience of
OECD countries.

* Improve the capabilities of government as a user of IT and manager of
public information resources. Aid agencies may assist in financing public

66 Assistance in this area may include developing, monitoring and evaluation systems, technology
scanning and assessment agencies, user networks.
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information systems and networks, designing demonstration projects,
promoting competitive and transparent public procurement practices for 1T
products and services, developing public information sharing policies, and
planning a national information infrastructure.

Support strategic alliances and recruitment of IT multinationals. Key aims
would be to build channels for technology transfer, help IT producers gain
access to export markets and IT users obtain advanced applications, and
expose local producers and users to international best practices.



134

REFERENCES

Anchordoguy, M. 1990. 'A Brief History of Japan's Keiretsu,' in C.H. Ferguson
(1990), 'Computers Keiretsu,' Harvard Business Review, July-August.

Antonelli, C. 1989. 'New Information Technology and Industrial
Organization - Experiences and Trends in Italy,' in Information Technology and
New Growth Opportunities. Paris: OECD Development Center Studies.

--- l991a. The Diffusion ofAdvanced Telecommunications in
Developing Countries. Paris: OECD Development Center Studies.

--- l991b. The Economics of Information Networks, Amsterdam: North-Holland.

Arcangeli, F., Dosi, G., Moggi, M., 1991. 'Patterns of diffusion of electronics
technologies: An international comparison with special reference to the Italian
case', in Research Policy, Volume 20.

Arnold, E. and Guy, K. 1986. Parallel Convergence: National Strategies in
Infornation Technology, London: Frances Pinter.

Arnold, E., and Guy, K. 1989. 'Policy Options for Promoting the Growth of
Information Technology' in IT and New Growth Opportunities, Paris: OECD-
ICCP No. 19.

Arrow, K. 1962. 'Economic Welfare and the Allocation of Resources for Innovation'
in NBER, The Rate and Direction of Innovative Activity, Princeton University
Press.

BMFT, Bundesbericht Forschung, 1993. Bonn: BMFT.

Bennett, James G. 1993. Infonnation Systems for Improved Macroeconomic Policy
in Developing Countries. Bonn: Bundesministerium fur wirtschaftliche
Zusammenarbeit (BMZ).

Bertrand, 0. and T. Noyelle. 1988. Human Resources and Corporate Strategy:
Technological Changes in Banks and Insurance Companies. Paris: OECD.

Confederation of British Industries. 1992. Succeeding Through Information
Technology in A Single Market.

Chopra, R.C. 1993. 'Structuring of Educational Programs in Software
Engineering,' in Electronics Information & Planning, (October).



135

-- 1993. 'Education and Training Requirements for Software Industry,' in Electronics
Information & Planning (January).

Cohen, W.M. and D.A. Levinthal. 1989. 'Innovation and Learning: The Two Faces of
R&D', Economic Journal, (September).

Cusumano, Michael A. 1991. Japan's Software Factories: A challenge to US
Management. Oxford: Oxford University Press.

Dahlman, Carl, and Ousa Sananikone, 1990. 'Technology Strategy in the Economy
of Taiwan: Exploiting Foreign Linkages and Investing in Local Capability',
Wash. DC: World Bank.

Department of Industry and Commerce. 1992. Programs for Industrial Development
1989-1993: Policy Statement. Dublin: Department of Industry and Commerce,
Rev. 4, 19 October, 1992.

Drucker, Peter. 1988. 'The Coming of the New Organization,' in the Harvard
Business Review (January).

Eliasson, Gunnar. 1990. 'The Knowledge-based Information Economy,' in Gunnar
Eliasson, Stefan Folster, Thomas Lindberg, Tomas Pousette and Erol Tymaz
(Eds). The Knowledge Based Information Economy. (Stockholm: Almqvist and
Wiksell International).

Ernst, Dieter and David O'Connor. 1992. Competing in the Electronics, Industry - The
Experience of Newly Industrializing Economies. Paris: OECD Development
Center Studies.

1989. Technology and Global Competition, The Challenge for Newly
Industrializing Economies. Paris: OECD Development Center Studies.

Feller, Irwin. 1992. 'Lessons from the American Experience with Technology
utilization and Technical Assistance Programs for Small and Medium-Sized
Manufacturing Firms.'

Fishlow, A., ed. 1992. Brazilian Informatics: A Guide to the Transition.

Fransman. 1990. The Market and Beyond: Cooperation and Competition in Information
Technology in the Japanese System. Cambridge: Cambridge University Press.

Freeman, C., and Perez, C. 1986. 'The Diffusion of Technical Innovations and
Changes in Techno-economic Paradigm', Paper presented at the Conference on
Innovation, and Diffusion, Venice, 17-21 (March).



136

Freeman, C. 1988. 'Technology Gaps and Intemational Trade' in C. Freeman, and B.
Lundvall (ed), Small Countries Facing the Technological Revolution, London:
Pinter Publishers.

Freeman, C., Clark, J., and Soete, L., 1982. Unemployment and Technical Innovation:
A Study of Long Waves and Economic Development, London: Frances Pinter.

Frischtak, C., 1992. 'Banking Automation and Productivity Change' The Brazilian
Experience, in World Development, Special Issue on 'Diffusion of Information
Technology: Opportunities and Constraints', Volume 20, Number 12
(December).

Gambardella, A., 1992, 'Competitive advantages from in-house scientific research:
The US pharmaceutical industry in the 1980s' in Research Policy, Volume 21.

GAO. 1992. Federal Research: Small Business Innovation Research Shows Success But
Can Be Strengthened. Washington, D.C.

Gassman, H.P. 1991. 'Information Technology Developments and Implications for
National Policies.' Futures, Vol. 23, No. 10, pp. 1019-1031.

Guy, K., L. Georghiou, P. Quintas, H. Cameron, M. Hobday, and T. Ray. (1991.
Evaluation of the Alvey Program for Advanced Information Technology. London:
HMSO.

Hanna, Nagy. 1991. 'The Information Technology Revolution and Economic
Development.' World Bank Discussion Paper No. 120. Washington, D.C.

Hanna, Nagy and Sandy Boyson. 1993. 'Information Technology in World Bank
Lending,' World Bank Discussion Paper No. 206. Washington, D.C.

Hanna, Nagy. 1994. "Exploiting Information Technology for Development," World
Bank Discussion Paper No. 246, Washington, D.C.

Haq, Khadija (ed.). 1987. Informatics for Development: The New Challenge,
papers presented for the North-South Roundtable on the Informatics Revolution,
Tokyo, October 1-3, 1987. Islamabad: North South Roundtable, Society for
International Development.

Harrington, H. James. 1991. Business Process Improvement: The Breakthrough
Strategy for Total Quality, Productivity, and Competitiveness, London: McGraw-
Hill.



137

InfoTech Consulting and International Data Corporation. 1992. 'International
Studies of Software and Related Services,' report prepared for the Indian
Department of Electronics (July), New Jersey and New Delhi.

Information Technologies Industry Branch, Industry, Science and Technology, Canada.
1992. 'A Presentation on the IT Industry,' July 14, 1992 (mimeo).

1991. 'Industrial Competitiveness: A Sectoral Perspective.' Toronto.

Irish National Advanced Manufacturing Technology Program (AMT). Review of
National AMT Program - December 1991. Dublin: AMT Ireland, EOLAS

Irish Industrial Policy Group. 1992. A Time for Change: Industrial Policy for the
1990s, report of the Industrial Policy Group. Dublin: Stationery Office

ISTC. 1992. 'Using Operational Assessments from AMTAP to Improve the
Competitiveness of Small and Medium Sized Companies.' ISTC (mimeo).

Kaplinsky, R. 1985, 'Electronics-based Automation Technologies and the Onset of
Systemofacture: Implications for Third World Industrialization' in World
Development, Volume 13, No. 3.

Keen, Peter G.W. 1988. Competing in Time: Using Telecommunications for
Competitive Advantage. USA: Ballinger Publishing Company.

Kelkar, Vijay, Devendra Chaturvedi, and Madhav Dhar. 1991. 'India's Information
Economy: Role, Size and Scope,' Economic and Political Weekly, Vol. 26(37)
(1991), pp. 2153-2161. (February).

Kelkar, Vijay and K. Varadarajan. 1990. 'India's Computer Industry:
Perspectives and Options for Latecomer Strategies.' Paper presented to the
OECD Development Center Research Project on 'Technological Change and the
Electronics Sector,' Paris.

Khan, M. 1987. 'Impact of Microelectronics in India,' in Science and Public
Policy (August).

Komiya R., M. Okuno, and K. Suzumura, eds., 1988. Industry Policy of Japan, New
York: Academic Press, Inc.

Konsultfirman Fernandez & Selg, Utvardering av Insatsomraden CAD/CAM-Projekt i
Verkstadsindustrin, Tobos 85, Industrimineral, Stockholm (1989)



138

Lall, S., 1987, Learning to Industrialize: The Acquisition of Technological Capability
by India, London: Macmillan.

Lall, S. 1990. Building Industrial Competitiveness in Developing Countries.
Paris: OECD Development Center Studies.

Levy, J.D. and R.J. Sammuels. 1991. 'Institutions and Innovation: Research
Collaboration as a Technology Strategy,' in L.K. Mytelka (ed), Strategic
Partnerships and the World Economy. London: Frances Pinter.

Mckendrick, D. 1992. 'Use and Impact of Information Technology in Indonesian
Commercial Banks' in World Development, Special Issue on 'Diffusion of
Information Technology: Opportunities and Constraints', Volume 20, Number
12, (December).

Madon, Shirin. 1993. 'Introducing Administrative Reform Through the
Application of Computer-Based Information Systems: A Case Study in India,' in
Public Administration and Development, Volume 13; 37-48.

Miles, I. and K. Robins, 1992, 'Making Sense of Information' in K. Robins, ed.,
Understanding Information Business, Technology and Geography, London:
Belhaven Press.

Metcalfe, S., 1990, 'On Diffusion, Investment, and the Process of Technological
Change' in Deiaco, E., E. Homell and G. Vickery, Technology and Investment:
Crucial Issues for the 1990s, London: Pinter Publishers.

Mody, A., Suri, R., and Sanders, J., 1992. 'Keeping Pace with Change:
Organizational and Technological Imperatives' in World Development, Special
Issue on 'Diffusion of Information Technology: Opportunities and Constraints',
Volume 20, Number 12.

Morton, Michael S. Scott, ed. 1990. The Corporation of the 1990's: Information
Technology and Organizational Transfornation. New York: Oxford University
Press, 1991.

Mudde, M. and Colven, T. 1991. 'Improving the Competitiveness of Small/Medium
Sized Factories: An Approach to Ensure Greater Success.' ISTC (mimeo)

NAS/NAE/IOM. 1992. The Government Role in Civilian Technology: Building a New
Alliance. National Academy Press.

National Computer Board (NCB), Singapore. 1992. Vision of An Intelligent Island,
NCB, Singapore.



139

Nelson, R. 1980. 'Balancing Market Failure and Government Inadequacy: The Case of
Policy Towards Industrial R&D', Yale University Working Paper, No. 840.

Northcott, J. 1986. Microelectronics in Industry: Promise and Performance, London:
Policy Studies Institute, London.

NRCC. 1991. The Industrial Research Assistance Program: A Strategic Plan for the
1990s, Ottawa.

Office of Technology Assessment. 1990. Making Things Better: Competing in
Manufacturing, Washington, DC., US Senate.

ODA. 1991. 'Report on Common Research into the European IT Market Carried Out
As Part of the DECTA Software Project,' London (July).

Okimoto, D. 1989. Between MITI and the Market: Japanese Industrial Policy for High
Technology. Stanford: Stanford University Press.

Organization for Economic Co-operation and Development (OECD). 1986. New
Information Technologies: A Challenge to Education. Paris: OECD.

1986. Trends in the Information Economy', Paris: OECD.

1989. Government Policies and the Diffusion of Microelectronics, Paris: OECD.

1989. Major R&D Programs for Information Technology, Information Computer
Communications Policy Report Number 20. Paris: OECD.

1989. The Internationalization of Software and Computer Services.
Information Computer Communications Policy 17, Paris: OECD.

1989. IT and New Growth Opportunities, Information Computer Communications
Policy Report No. 19, Paris.

1992. Technology and the Economy: The Key Relationships, Technology/Economy
Program (TEP). Paris: OECD.

1993. "Industrial Policies in OECD Countries." Annual Review, 1993, Paris:
OECD.

Pavitt, K., 1986. 'Chips and Trajectories: How Will the Semiconductor Influence the
Sources and Directions of Technical Change?' in R. MacLeod (ed), Technology
and the Human Prospect, Essays in Honor of Christopher Freeman, London:
Francis Pinter Publishers.



140

Perez, C., (1985), 'Microelectronics Long Waves and World Structural Change: New
Perspectives for Developing Countries' in World Development, Volume 13, No.
3.

Perez, C. 1988a. 'New Technologies and Development' in C. Freeman, and B.
Lundvall (ed), Small Countries Facing the Technological Revolution. London:
Pinter Publishers.

Perez, C. and Soete, L., (1988), 'Catching Up in Technology: Entry Barriers and
Windows of Opportunity' in Dosi, G. et al. (ed), Technical Change and
Economic Theory, Pinter Publishers, London, 1988.

Peters, H.J. 1991. 'Trade, Manufacturing and the Services Industries: A Survey of
Changing International Practices', The World Bank, Washington, D.C.

Peterson, S.B. 1991. 'From Processing to Analyzing: Intensifying the Use of
Microcomputers in Development Bureaucracies,' in Public Adninistration and
Development, Volume II.

Quinn, J.B. and P.C. Raquette. 1990. 'Technology in Services: Creating
Organizational Revolution,' in Sloan Management Review (Winter).

Rastogi. 1992. 'Electronics Production and Export Profile,' in Electronics:
Information & Planning, Volume 19 No. 9 (6/92).

Rosenberg, N. (1990), 'Why Do Firms Do Basic Research (With Their Own
Money)?', Research Policy, Volume 19, No. 2.

Rosenberg, N., (1982), Inside the Blackbox: Technology and Economics, Cambridge
University Press.

Rosenberg, N., and D., Mowery (1978), 'The Influence of Market Demand Upon
Innovation: A Critical Review of Some Recent Empirical Studies' in Research
Policy, 8 April.

Rosenberg, N., and Frischtak, C., eds. (1985), International Technology Transfer,
New York, Praeger.

Ruth, Stephen R. and Charles K. Mann. (eds.) 1987. Microcomputer Microcomputers
in Public Policy. AAAS Selected Symposium 102. Boulder and London:
Westview Press.

Schumpeter, J.A., Capitalism, Socialism and Democracy, (second edition), New York,
Harper and Row, 1947.



141

Schware, R. 1992. 'Software Industry Entry Strategies for Developing Countries: A
'Walking on Two Legs' Proposition,' in World Development. 20(2). Washington,
D.C.

Scott-Kemmis, D. and M. Bell, 1988, 'Technological Dynamism and the Technological
Content of collaboration: Are Indian Firms Missing Opportunities?' in Ashok
Desai, ed., Technology Absorption in Indian Industry, New Delhi, Wiley
Eastern.

Solomon, R.J. 'Electronic and Computer-Aided Publishing: Opportunities and
Constraints,' in OECD (1989).

Singhai, A. and E. Rogers. 1989. India's Information Revolution. Newbury Park:
Sage Publications.

Stewart, F., 1982, 'Industrialization, Technical Change, and the International Division
of Labour' in G.K. Helleiner ed., For Good and Evil: Economic Theory and
North-South Negotiations, Toronto, University of Toronto Press.

Stiglitz, J., 1993, The Role of the State in Financial Markets, Paper presented at the
Annual World Bank Conference on Development Economics, Washington, D.C.

Strassmann, Paul. 1990. The Business Value of Computers. New Canaan, Conn.:
The Information Economics Press.

Tibbetts, R. 1992. T7e Role of Small Firms in Developing and Commercializing Novel
Advances in Scientific Instrumentation and Equipment: Lessons from the US and
NSF Small Business Innovation Research Program, International Workshop on
Equipping Science for the 21st Century, Amsterdam, April 1992.

Toffler, Alvin. 1991. Power Shift. New York: Bantam Books.

United Nations Development Program. 1991. Software: An Emerging Industry Need
for Developing Domestic Market, a seminar sponsored by UNDP New Delhi.

United States Congress, House of Representatives, 1990. Technology Transfer
Obstacles in Federal Laboratories: Key Agencies Respond to Subcommittee
Surveys. Washington, D.C.

Westview Special Studies in Science, Technology, and Public Policy. 1986.
Microcomputers and Their Applications for Developing Countries. Report of an
Ad Hoc Panel on the Use of Microcomputers for Developing Countries. Boulder
and London: Westview Press.



142

1988. Cutting Edge Technologies and Microcomputer Applications for
Developing Countries. Report of an Ad Hoc Panel on the Use of Microcomputers
for Developing Countries. Boulder and London: Westview Press.

1987. Microcomputer Applications in Education and Training for Developing
Countries. Proceedings of a Meeting of the Use of Microcomputers for
Developing Countries. Boulder, San Francisco, and Oxford: Westview Press.

Wogart, J.P., A.K. Mehta and A. Mehta. 1993. Technology and Competitiveness:
The Case of Brazilian and Indian Machine Tools. New Delhi: Sage Publications.

Womack, James P., Daniel T. Jones, and Daniel Roos. 1991.. The Machine That
Changed The World. New York: Harper Perennial.

World Bank. 1992. 'World Bank Support for Industrialization in Korea, India and
Indonesia.' Washington, D.C.: Operations Evaluation Department.

1990 'Education and Development: Evidence for New Priorities,' The World
Bank, Discussion Paper No. 95.

1991. 'World Bank Support for Small and Medium Industry in Selected
Countries.' Wash. D.C.: Operations Evaluation Department. Report No. 9530.

1992. 'India: The Telecommunications Sector: Policy, Performance,
Technology and Manufacturing Capability.' Washington, D.C.

1993. Bank Lending for Industrial Technology Development, Washington, D.C.

1993. East Asian Miracle. New York: Oxford University Press.

Yourdon, Edward. 1992. Decline and Fall of the American Programmer. Englewood
Cliffs, NJ: Yourdon Press/Prentice Hall.



Appendix 1

Country Descriptions

O Canada

O Germany
O Ireland
O Japan
O Netherlands
O Sweden
0 USA





145

Canada

Canada recognizes that the IT sector is the world's fastest growing industry, that it is currently
restructuring to take into account technological convergence, market reconfiguration and
increased user demand, and that it is a fundamental enabling technology which improves
competitiveness across industries. Canada also recognizes that it has a $40 billion industry which
is responsible for 3% of world IT production and services; that it is the seventh largest domestic
market for IT products; that it exports 70% of production but has the second highest IT trade
deficit in the world; and that it spends a higher proportion of IT R&D spend on
telecommunications than anywhere else. The Canadian Government is therefore interested in
developing parallel policies to those in other countries to sustain its IT sector and promote the
widespread use of IT. Of particular interest is the telecommunications sector, which contains a
major global player in the shape of NorTel, and which accounts for 58% of annual IT firm
revenues and 63% of IT employment. Software is the next largest employer, with 19% of IT
employment in 11,000 firms (mainly SMEs), but only 13% of revenues.

The major barriers to growth are seen as access to adequate financing; a forecast shortfall in
qualified personnel: outdated telecommunications legislation; and attitude and awareness
problems restricting IT take-up. Present government support is recognized as limited, and the
aim of initiatives currently under consideration will be to create an environment which will build
on existing strengths to grow Canadian firms into internationally competitive players; attract and
retain the value-added activities of multi-national enterprises; allow the pursuit of
telecommunications world leadership, as an industry and an infrastructure; and push effective
economy-wide adoption of IT.61

The bulk of the Canadian Government's investment in IT, some $500 million over the 1980s,6 8

has been in programs overseen by the National Research Council Canada (NRCC), the
Information Technologies Industry Branch of Industry, Science and Technology Canada
(ITIB/ISTC), and Communications Canada . These include R&D support initiatives such as
ISTC's Microelectronics and Systems Development Program (MSDP), Networks of Centers of
Excellence and the Strategic Technologies Program (STP) in IT; and Communications Canada's
Communications Technologies Research Program (CTRP). Firms in the sector can also take
advantage of a generous R&D tax environment, and Canada's Rationalization Policy offers
procurement benefits to computer multi-national enterprises in exchange for their investments in
production, R&D, supplier development and related activities in Canada. Diffusion is catered for
by initiatives such as the NRCC's Industrial Research Assistance Program (ERAP) and ISTC's
Advanced Manufacturing Technology Application Program (AMTAP).

67 Information Technologies Industry Branch, Industry, Science and Technology Canada (1992), 'A Presentation on the
IT Industry', July 14, 1992 (mimeo).

68 Industry, Science and Technology Canada (1991), Industrial Competitiveness: A Sectoral Perspective, Toronto.
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Germany

Even before reunification, Germany was the largest of the European economies. The country has
a strong tradition in mechanical, electrotechnical, automotive and chemical industries. In addition
to the large, well-known companies like Siemens, BASF and Daimler-Benz, the industrial
structure is unusual for the so-called Mittelstand - the 'middle class' of medium-sized companies
(up to 1000-1500 people), often family-controlled and active in engineering products. The
Mittelstand of often seen as the backbone of German industry, so nurturing its technological
capabilities has a high political priority. While German IT diffusion policy tends to be oriented
towards SMEs, the Mittelstand is often understood to be folded into an extended definition of
'SME'.

Like France and the UK, Germany has a long tradition of intervening in IT through supporting a
'national champion' in electronics and computing: Siemens. In the 1970s and 1980s, extremely
large sums were spend both to maintain Siemens' computer capabilities (even though the
company early adopted a strategy of following IBM mainframe standards) and its high-volume
chip manufacturing operations, for example via the 'MegaProject' run jointly with Philips and the
Dutch government. It is generally held that Siemens' telecommunications operations were
implicitly subsidized through the monopoly carrier (formerly part of the Bundespost, now DBP
Telekom), which was willing to pay up to twice the market price for telephone switches and other
equipment.

In 1992, more than DM80 billion were spent on R&D in Germnany. 22% of this came from the
Federal government, and a further 16% from the Lander. Resources allocated by the Federal
government to technological development and innovation declined between 1982-93 in absolute
as well as relative terms, with the share budget spent in this way falling from 45.6% in 1982 to
27.2% in 1993.69 Through the 1980s, there has been a shift in the focus of many industrially-
oriented IT programs away from the supply side and towards diffusion. In technology research,
the slogan has become 'back to basics' with state funding refocusing on the university sector.
'Intermediary' institutions, such as the Fraunhofer Society, which operates a large number of
applied research institutes, have come under pressure as the proportion of state subsidy in their
revenue has fallen. Company-specific interventions - where bureaucrats 'pick winners' in some
sense - have become less important, and growing use has been made of 'indirect-specific' subsidy
schemes. Here the state lays down criteria for applicants for subsidy and funds are distributed on
a first-come-first-served basis to all applicants who meet the criteria until the relevant budget is
spent.

The reunion with the former DDR has led to many Federal German programs being extended to
the new Lander, or rerun there. (This is, for example, true of the programs described in this
report.)

69 BMFT, Bundesbericht Forschung, 1993, Bonn: BMFT.
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Despite the refocusing towards demand, supply-side policies remain important at all levels. The
extensive infrastructure of research institutes (Max Planck, Fraunhofer, public research institutes
and a number of so-called 'blue list' institutes) remains an important recipient of IT funds, and is
increasingly active in EEC programs.

Three major programs currently form the core of support to the supply side:

o Basic IT Technologies
o Information Processing
o Microelectronics

These include German support for European initiatives such as European Software Factory and
the Jessi microelectronics program.

The supply-side policies are balanced with demand-pull programs, such as the Manufacturing
Technology programs we describe in this report. There is also a range of diffusion programs in
telecommunications.

German programs are heavily evaluated and much debated. Despite - or, perhaps, because of this
- the German model is among the most comprehensive in its coverage of the policy options:
supply or demand-orientation; hands-on or hands-off. Programs tend to operate in sequences,
each focused in a technology and with a theme that develops over a decade or more while at the
same time providing a continuity of funding and administrative arrangements that minimizes the
amount of time administrators and program participants spend going up learning curves.
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Ireland

Ireland is a traditionally agricultural economy in the course of industrial development. As one of
the 'less favored regions' within the European Community, it is a major recipient of European
Structural Funds.

Post-war policy was to promote 'infant industry' development behind high tariff barriers, and is
generally regarded as having been of limited effectiveness. Since Ireland joined the European
Community in the early 1970s, tariffs have been reduced to EC levels and industrialization has
been promoted through inward investment. Footloose electronics and pharmaceuticals
multinationals have therefore played important parts in the growth of the manufacturing sector.
During these past twenty years, the policy focus has been on creating sustainable jobs - with the
sustainability of the employment created by foreign multinationals continuously being undermined
by their footlooseness.

The recent Culliton report70 pointed out that the subsidy-cost of creating modest net increases in
manufacturing jobs via foreign multinationals had been extremely high, and that despite grant aid
the Irish-owned sector was losing employment. As a result, the policy focus is moving towards
industrial competitiveness: inward investors will still play an important part in industrial
development, but more emphasis will be laid on improving the economic environment and the
capabilities of Irish companies.

Current Irish policy does not involve a focus on IT or electronics. Rather, the importance of the
IT industries in Ireland reflects the application of general policies in a time of rapid growth and
development in IT. There are few regional differences in policies, except in administration, with
the Irish development Authority (IDA) handling the bulk of industrial development policy for
Ireland but Shannon Development handling the mid-West and Udaras Na Gaeltachta dealing with
the Gaelic speaking area of the West. Inward investors have been encouraged to locate outside
Dublin through differential subsidies and the provision of ready-built factory accommodation.
Technology and Innovation policies - administered by EOLAS, the Irish Science and Technology
Agency - are applied nationally. They are primarily aimed at supporting and improving the
capabilities of indigenously-owned companies, especially SMEs.

A Time for Change: Industrial Policy for the 1990s, Report of the Industrial Policy Group, Dublin: Stationery
Office, 1992.
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Japan

Japan has emerged as one of the major global IT players over the past twenty years. It is home to
some of the largest and most powerful telecommunications, computing and consumer electronics
companies in the world. The support policies of the Ministry for International Trade and Industry
(MITI) and the Ministry of Posts and Telecommunications (MPT) undoubtedly helped shape the
early stages of this industrial development.

Until recently there was very little tension between interventionist and non-interventionist strands
of thought in Japan. Intervention by the state in the affairs of the commercial world was
considered legitimate, and this allowed the state great freedom in its choice of policy mechanisms
for IT. In other countries, even though hands-on and hands-off approaches coexist, they do so
less comfortably. In turn, this has restricted the range of valid and legitimate policy options and
helped to create gaps in the policy system.

In Japan, the most striking characteristic of the IT support pattern is the historical lack of
dependence on a limited set of policy initiatives. Support actions can be identified across the
whole IT Policy Matrix. There is some evidence, however, of a slightly increasing emphasis on
hands-off policies at the expense of hands-on actions. For example, as the Japanese IT sector has
grown in strength there has been a shift away from fairly direct industrial support measures, firstly
towards what can be termed innovation policy and support for more basic science and technology
- often through R&D collaborations and more general R&D loans - and latterly toward the use of
R&D tax incentives.

Japan recognized the importance of building a computer industry in the late-1950s and was quick
to see the strategic advantage that would arise from technological spillover into related areas such
as telecommunications. The result was the development of a hands-on, sector specific
development policy, combined with a range of non-sector specific policies that gave favorable
treatment to the embryonic IT industry. Anchordoguy has identified four dimensions to these
policies: protectionist regulation; a computer rental company; heavy subsidies and cooperative
R&D projects.'

For most of the post-war period, Japan was ruled by the Liberal Democratic Party, demonstrating
a political consistency unprecedented amongst the world's large democracies. Against this
background of stable governrnent, the Ministry of International Trade and Industry (MITI)
achieved extraordinary scope for autonomous action.72 This was instrumental in allowing the
pursuit of interventionist policies for the promotion of Japan's computer industry. MITI's first

71 Anchordoguy, M. (1990), 'A Brief Histoty of Japan's Keiretsu', in Ferguson, C. H. (1990), 'Computers Keiretsu',
Harvard Business Review, July-August.

72 Okimoto, D. (1989), Between MITI and the Market: Japanese Industrial Policy for High Technology, Stanford:

Stanford University Press.
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step was to impose controls on computer-related foreign investment in Japan and restrict imports.
IBM Japan, which was established as a 100 per cent subsidiary of its American parent in 1950,

was put under pressure by MITI to share technology with the Japanese industry. In 1960, IBM
was persuaded to give Japanese computer firms access to its patents, although the strategy was
not entirely successful as no arrangement was made for the practical transfer of IBM technology
to the Japanese industry.'3

More effective supply-side support to the emerging indigenous computer industry followed in the
form of a series of collaborative research schemes which were orchestrated by MITI. In the
interim, a bridging policy to support Japanese computer manufacturers and users was established
by the formation of the Japan Electronic Computer Company (JECC) in 1961. At a time when
users tended to rent rather than buy computers, JECC bought systems from Japanese suppliers
and rented them to domestic customers at subsidized rates. Over a 20 year period, $2 billion in
low interest government loans was channeled into JECC. Although computers produced by IBM
during this period were frequently cheaper, more reliable and more powerful, Japanese public
policy was oriented towards a long-term view of efficiency based on the ultimate acquisition of an
indigenous state-of-the-art capability.

The fourth strand to Japan's policy for IT centered on government-sponsored collaborative R&D
projects. During the period since the 1960s, collaborative research schemes orchestrated by
government agencies have become firmly established as a major vehicle for public policy in the
development of the Japanese industry. These schemes typically involve horizontal groupings of
rival firms, together with the participation of govemment agencies or research laboratories. The
aim is to use collaboration as a vehicle for sharing the costs and uncertainties of technological
development in order to enhance long-term competitiveness. In this respect, collaboration
represents a form of temporary monopoly whereby the differences between rival firms that
normally drive the engine of competitiveness are suspended. The aim of the policy is to combine
the ability of a large organization to devote resources to research, with the active rivalry of
independent firms seeking to use exploitation to gain a competitive advantage. Failure to exploit
could result in exclusion from the next scheme.

The computer industry has also seen more Engineering Research Associations (ERAs) than any
other industrial sector. Successive ERAs for IT have existed continuously since the 1960s and
have been dominated by six firms: Fujitsu, Hitachi, NEC, Toshiba, Mitsubishi Electric and Oki
Electric. These ERAs are often cited as being an important factor in explaining Japan's impressive
advances in component and hardware technologies. However, despite a number of ERAs in the
software sector, Japan has failed to rival international best practice.

73 Fransman (1990), The Market and Beyond: Cooperation and Competition in Information Technology in the
Japanese System, Cambridge: Cambridge University Press.
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As Japanese hardware and component manufacturers caught up with US best-practice
technology, it was realized that the traditional role of ERAs, i.e. transferring existing technology
to Japanese firms, had served its purpose. A new type of ERA was pioneered which was
designed to push back the frontiers of basic research. While the Fifth Generation Computer
Project was the most publicized example, similar initiatives were launched in optoelectronics and
component technologies for a supercomputer. Unlike previous IT ERAs, which were 'distributed'
in that participants worked from their own premises, these three new-style projects were
conducted at central research institutes. With less proprietary knowledge at stake, collaborators
were content with closer cooperation.'4

Measuring the benefits to firms of participating in more basic collaborative R&D can be difficult
because a significant proportion of the outputs take the form of tacit rather than codified
knowledge. The experience gained as a consequence of participation could be significant despite
an apparent lack of tangible outputs. For example, while there appears to be a growing consensus
that significant technical advances appear to have been made in the Fifth Generation project, 75 it is
difficult to relate these to the grand vision of a thinking computer that was proposed at the outset.

Nevertheless, Japan has undoubtedly experienced the greatest economic success in the IT field
over the past decade or so, and the IT policies of the Japanese Government have been
instrumental in this ascendant phase. Moreover, it is the comprehensiveness and continuity of
Japanese policies and policy-making which are the really striking features, rather than the financial
scale of support. As already noted, Japanese policies span the whole IT Policy Matrix in such a
way that there are very few gaps in the IT policy system, unlike the case in many other countries.
Policies on the supply-side tend to link with and complement demand-side actions and
infrastructural bridging actions are commonplace.

Contrary to much technology policy folk-lore, however, this comprehensiveness hasn't always
gone hand in hand with coherence. Policies with similar goals to those initiated by one part of the
government bureaucratic machine often seem to have been introduced by other parts in ignorance
of their counterparts. Although this might seem regrettable from the standpoint of bureaucratic
efficiency, it does offer firms a plurality of support mechanisms which they are quick to take
advantage of via 'mix and match' strategies. The downside is that once firms enter a scheme,
Japanese cultural traditions make it difficult for them to withdraw if the expected benefits of
participation do not materialize.

74 Levy, J.D. and Sammuels, R.J. (1991), 'Institutions and Innovation: Research Collaboration as a Technology
Strategy', in Mytelka, L.K. (ed), Strategic Partnerships and the World Economy, London: Frances Pinter.

75 Guy, K., Georghiou, L., Quintas, P., Cameron, H., Hobday, M. and Ray, T. (1991), Evaluation of the Alvey

Program for Advanced Informnation Technology, London: HMSO.
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The Netherlands

The Netherlands is a small, very open economy. Its major trading partner is Germany, and the
Dutch Florin (DFI) tends therefore to track the Deutschmark.

The industrial structure is concentrated, with five Dutch multinationals playing a major role in the
economy. Philips is a 'national champion' in electronics both for the Netherlands and to a
considerable extent for the EC. In addition to the five MNCs, there are about twenty large-
medium companies such as DAF (trucks) and Fokker (aerospace) which are more or less national
in structure, but which serve international markets. The balance of the economy comprises a large
number of SMEs - generally employing under 200 people.

IT support policies have involved a mix of support to the national champion and to the SMEs.
Support to Philips has been given both directly and through influencing EC policy in subsidizing
'catch-up' R&D efforts in semiconductors (the MegaProject in the early 1980s, in cooperation
with Siemens and the German government, and more recently through the European JESSI
project) and in HDTV R&D and standards-definition. IT support more generally tended to be
'technology push' or supply-side oriented in the first part of the decade. However, since 1987/8
the focus has shifted towards demand-stimulation. Subsidy has increasingly focused on areas of
'market failure', partly as a result of more stringent attitudes taken in the EC and the GATT. The
state is increasingly reluctant to invest major sums in technology 'bets' of its own, preferring to
'signal' the type of changes it views as helpful and to obtain the involvement of private-sector
money as a test of the wisdom of this judgment.

Both central and regional lobbies are active in industry and technology policy formulation.
However, in such a small country it is impracticable to duplicate even such widely-used
technologies as IT in all regions, so there is a tendency for IT interventions to be organized on a
national basis. While the emphasis in IT policy has tended to be on Philips and the SMEs in the
1980s, there has been increasing concern about the capabilities and viability of the twenty or so
'second rank' companies. Policymakers appear to be looking for ways to protect and enhance
these companies' capabilities in the face of market and globalization challenges which make their
existence increasingly difficult.

Dutch policy is increasingly concerned to understand and channel the business needs and
objectives of the private sector. There is a long tradition of using senior figures from industry to
head policy committees, thus tending to ensure some match between policy and the needs of, at
least, the largest firms. This is to some degree being supplemented by broader research -
including, in effect, market research - aimed at understanding industry desires. The risk is that
policy becomes overly reactive, depending too much on whatever current ideas industry has about
need and neglecting alternatives and potential future 'visions' of industry and technology
evolution which could be exploited for competitive advantage.
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Sweden

The Swedish economy has an unusual combination of strength both in traditional sectors, such as
pulp and paper, and in more advanced industry. Swedish-owned multinationals play a significant
role in the national and world economies: 20 of the Fortune-500 non-US corporations are
Swedish-owned. The equivalent of 3% of GDP is devoted to R&D. The use of robotics and
other advanced manufacturing technologies such as CNC and FMS is among the most intensive in
the world.

Sweden has a strongly telecommunications-oriented domestic IT industry, which is centered on
LM Ericsson. There is also considerable strength in defense electronics. The state is a major
player in the very modem Swedish banking sector, and owns the dominant telecommunications
services company: Swedish Telecom. The partnership between Swedish Telecom and Ericsson
extends to shared ownership of an R&D company which develops the Ericsson switches. Both
are extraordinarily dynamic companies compared with others in their industries. Formally,
telecommunications has never been a monopoly in Sweden, though historically the government
encouraged Swedish Telecom to buy up its competitors. As a result, independent regulation was
introduced only very recently, prompted by the entry of a second telephone company. The
structure of Swedish telecommunications has meant that the state has been able to have a major
influence on IT research through co-ownership and developmental procurement.

Relevant policy actions in Sweden tend to be Hands On. The major IT policy actor is the
National Board for Industrial and Technological Development (Nutek), an agency of the Ministry
of Industry and Commerce, which operates a range of technology programs including in IT and
related technologies.

Sector-oriented IT funding focuses on research, though programs often have a dissemination
component built in. The 1993 Research Act raised the level of funding for IT research, against
the funding trend in other technologies. IT diffusion programs have been discussed but little
national activity has been funded compared with the scale of activity on the supply side.

There is considerable industrial and technical development activity at regional level, though this is
rarely focused solely on IT. This is supported by various regional funds and by the Work
Environment Fund.

A recent policy innovation has been the introduction of a scheme to finance the placement of
young, unemployed engineers in industry with a view to increasing capability - on a principle
similar to that of the Irish TechStart scheme. Otherwise, there is little sign of any trend in policy
away from research and towards more diffusion-oriented programs.
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USA

Although the IT sector in the USA arguably remains the most well developed in the world, it is
difficult to point to a coherent set of government policies which could be said to constitute 'IT
Policy'. Although individual policies and programs do exist which are targeted specifically at IT,
'policy space' is not usually segmented in this way. Most policy mechanisms are not industry
sector specific in nature. To understand how policies do affect the production and use of IT, we
have to look more broadly at the changing structure of US policies affecting industrial and
technological development.

"Strengthening the US economy will ... require significant changes in US
policy. The US needs a policy that moves beyond a focus limited to support for
basic research and for the development of technology to meet national security
needs. A new federal role should include facilitating (not directing) civil
technology development in pre-commercial areas and the adoption of new
technologies by US firms."76

Over the past decade the USA has been forced to rethink its stance on
policies affecting technological and industrial progress and performance.
Economic performance, especially relative to Japan in high technology sectors,
and aspects of global restructuring such as European market integration have
prompted this shift. Another driver in the IT world has been the way that
developments in 'civil' technologies have increasingly satisfied the technological
needs of the military. This has prompted a re-evaluation of defense spend and
created support for the argument that defense needs are best met via an increased
emphasis on civil technology and industry policy.

One of the most important undercurrents, however, is the emergence of a
perspective which argues that:

"obstacles to improvements in technology commercialization are closely
linked to weaknesses in technology adoption. Anecdotal evidence suggests that
even when US firms adopt (new) technologies early in the production cycle, they
encounter greater difficulties, relative to some foreign firms, in exploring the
potential of new process technologies to improve productivity and product
quality.

76 NAS/NAE/IOM (1992), The Government Role in Civilian Technology: Building a New Alliance, National
Academy Press.

77 NAS/NAE/IOM (1992), ibid.
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These changes have to be set in context. The rhetoric of technology and
industry policy in the USA routinely stresses 'no policy', i.e. the role of
government is taken to be limited. The simple picture is that public sector policies
are geared almost solely towards R&D support, with federal funds accounting for
over half of total annual R&D expenditure. The reality is more complicated. To
understand the situation, major distinctions have to be made between civil and
defense policies; between federal and state spend; and between potential
beneficiaries in terms of the 'academic' sector, large firms and SMEs.

In technology-related areas, federal spend on defense dwarfs actions on the
civil side. For example, more than 90% of federal R&D funds go to industrial
firms for defense-related programs. Technology-push agencies of the Department
of Defense (DOD) such as the Defense Advanced Projects Research Agency
(DARPA) promote explorations along the basic, applied and strategic R&D
waterfronts, while direct procurement links market-pull with capability
development in defense firms. Government policy drives technology development
and utilization in the defense world.

On the civil side, the profile of federal and state funding of science and
technology is heavily skewed towards federal expenditure. For example, whereas
overall federal spend (including defense) on R&D is about $75 billion per annum,
the corresponding state spend on science and technology activities is $550 million.
However, while spend at state level is comparatively small, there is still a rich

variety of policy mechanisms in use, with states often competing to attract
industry by declaring 'infrastructural' advantages. In particular, state governments
have led the way in establishing programs to facilitate technology diffusion and
adoption and are collectively the largest provider of funds for extension activities.

Technology-related programs at the state level range from business and
technology assistance to provision of capital and support for networks of local
agents through which assistance is offered to firms hoping to incorporate new
technology into manufacturing processes.

Actions at the federal level are largely supply side, with spend profiles
traditionally dominated by a focus on R&D support, usually nearer the basic end
of the spectrum. Roughly two-thirds of all basic research performed in the USA is
supported by federal funds. Most of this is conducted in the academic sector.
The 700 or so federal laboratories conduct both basic and 'mission-oriented'
research in areas like space, health and energy. Support for more 'market-facing'
or 'pre-commercial' R&D in civil industry is rarer, with programs such as the
Small Business Innovation Research (SBIR) program being the exception rather
than the rule. In the IT area, the SEMATECH collaboration is another example of
recent federal support for market-facing R&D.
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Support for 'market-facing' initiatives is growing, and a corollary is the
need for greater selectivity. SBIR is focused on SMEs rather than large firms;
SEMATECH is focused on a strategic technology. Recognition of the need for
more strategic choice mechanisms underpinned the establishment in 1992 of the
Critical Technologies Institute.

Direct measures on the demand side are very limited, with few overt
market stimulation measures of a procurement nature in sectors such as education,
health and public administration. However, the federal government does play a
role in 'scene-setting' initiatives of a regulatory or infrastructural nature. Apart
from actions in broad contextual areas such as education and trade policy, federal
government has helped shape developments in the IT world via, for example, the
re-regulation of telecommunications, via its role in the standards-making process,
by its stance on intellectual property rights, and by supporting the creation of
network structures such as the National Science Foundation (NSF) supercomputer
network.

A corollary of the federal emphasis on 'scene setting' and capability
development via R&D funding is that there have been few instruments directly to
encourage commercialization, diffusion and adoption of technology in industry.
This is in marked contrast to the situation in agriculture, where there has been a
well developed 'extension' or 'technology delivery' system for many years. The
US agricultural technology delivery system, which is finding increasing support as
a model for the industrial sector:

" includes basic research, applied research and development
projects directed at the specific needs of producers; technology transfer
activities related to fostering initial adoption and subsequent diffusion of
new practices; technology integration projects designed to test and
demonstrate how new practices can be introduced effectively into complex
production systems; instructions on the use of new practices; dissemination
of information on new or 'best-practice' techniques; and gatekeeper or
facilitating functions designed to put producers in contact with a variety of
scientific and technical sources of infornation. This system, in its
prototypical form, includes researchers, extension specialists who conduct
adaptive research targeted at regional and local production setting and
develop educational materials, as well as county agents who organize
educational programs on the use of best practices, provide direct technical
assistance, and serve as a two-way channel for communicating research
findings to users and user needs to researchers.'

7s Feller, Irwin (1992), 'Lessons from the American Experience with Technology Utilization and Techrical
Assistance programs for Small and Medium-sized Manufacturing Firms'.
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Recently, however, acts such as the Stephenson-Wilder Act of 1988 have urged
that federal research funds be directed more towards commercially utilizable research,
with government - which retains intellectual property rights over publicly-funded work -
to exercise 'marching rights' if exploitation is not forthcoming. One attempt to address
the issue of commercialization was the setting up of Manufacturing Technology Centers
(MTCs) in a number of states, in part to act as the delivery arm for the Advanced
Manufacturing Program of the National Institute for Standards and Technology (NIST).

Support for the manufacturing capabilities of SMEs has recently made headway in
terms of the federal policy agenda, strengthening a number of similarly oriented state
programs, some of which have been running since the 1950s. State support for
technology has focused historically on R&D, but the 1980s saw many states combating
concern over poor manufacturing performance by introducing measures to spread the use
of best-practice technology, though some, e.g. New Jersey, have foundered in the current
economic climate.
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Appendix 2

Program Descriptions

o 5G
o Al Commercialization
o AMT Ireland
o AMTAP
o ASICs Program
o C*STAR
o CAD Bus
o CADCAM in Engineering
o CAD Center
o FAS
o Innovation Centers
o INSP
o IRAP
o 1T4
o Jamtland Project
o LGCSB
o MAC
o MCS/NTAP
o Mi Toe
o Micro Systems
o Microperipherics
o MoT Telematics
o MT in SMEs
o MTP
o NSD
o PAT: Software Engineering
o RWC
o SBI
o SBIR
o SIGMA
o Soft Center Ronneby
o SPRINT
o TechStart
o Telematics Guide Project
o Transfer from Federal Labs
o VI/Nutek Framework
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5G (Japan)
The Fifth Generation Computer Program

R&D Project Support oo
Technology Demonstration and Awareness o

Much has been written about the Japanese Fifth Generation (5G) Computing Program, the
ambitious attempt to develop parallel processing machines by the early 1990s. Initiated in 1982, it
set itself a ten year deadline for the task. Although it was basically an IT R&D program
conducted on a centralized site (ICOT), there was an interesting IT diffusion aspect. The
workplan called for the construction of more and more advanced research machines as time went
by, These were not built by the research team at ICOT. They were contracted out to Japanese IT
manufacturers. This mechanism constituted a very real bridge between the research world and the
production arena, even though the research machines delivered were not built with other
immediate markets in mind. The process allowed Japanese manufacturers to develop
technological and production capability hand in hand with the development of the R&D program.
Over the ten year lifetime of the program some 300 researchers worked at ICOT - returning after
periods of secondment and diffusing know-how to their parent firms - but a further 500-600 were
also involved in the construction of research machines for the program. Government-initiated
R&D programs often have weak structural links to the production sphere. This was not the case
with the 5G Program. Although there have been many in the West prepared to castigate the
initiative because of lowered technical horizons and delays in reaching even these targets, the 5G
Program helped move Japan into the front line of industrial development in computing
technology. By connecting R&D to production in an efficient manner, the scene has been set for
the future diffusion of advanced parallel computing hardware and software.

Al Commercialization (Netherlands)
The Commercialization of Artificial Intelligence, KBS program within the SPIN of INSP. RIKS,
Maastricht

R&D Project Support oo
Institute/University Linkage o

Normally, the KBS program provided 50% funding for research projects undertaken by
universities on behalf of industry. It ran from 1987. In common with other countries, the
Netherlands saw in the mid 1980s a need to create national capability in AI - a science which had
again become attractive after a period in the doldrums during the 1970s.

There was no single AI initiative in the Netherlands - which is perhaps surprising in a country so
small - but several. The objectives of government were broadly capability-building, but were not
made very explicit or connected to a funding strategy. Policy has strengthened AI capabilities at a
number of Dutch universities, but had limited effects on the user side.
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o The demand-side aspect of AI promotion was weak. Implicitly, there was some
reliance on civil service procurement within the relevant budget of the INSP.
However, it became clear through the INSP that the civil service was not capable
of functioning as a 'leading-edge user'.

o The policy emphasis on the supply side in AI was probably correct, since there was
a need to build a community with capability in this set of technologies. However,
fragmentation within the Dutch academic AI community led government to spread
funding too thinly. As a result, few research groups attained critical mass.

AMT Ireland (Ireland)
The Irish National Advanced Manufacturing Technology Program

Institute/University Linkage 0

Technical Information o
Manufacturing Consultancy 00
Technology Demonstration and Awareness o

AMT Ireland was launched in 1987 and adopted as one of the Programs in Advanced Technology
(PATs) in 1990. The 1992 budget was LI 1.3m, of which some £I 1.m was subsidy. It is
supported by funds from the Department of Industry and Commerce and EC structural funds.

Irish-based manufacturing industry was seen as relatively weak in advanced manufacturing. It
was believed that strengthening and making available to industry the capabilities of the higher
education sector in Advanced Manufacturing Technology would lead to improvements across the
Irish manufacturing system. This would in turn promote industrial development.

Initially, AMT Ireland was expected to be a university-industry collaborative R&D program. As a
result of this focus AMT Centres were established at four universities in Ireland, coordinated and
later managed by a core group at the headquarters of EOLAS, the Irish Science and Technology
Agency. Engineers were recruited, largely from the universities, though some had industrial
expefience.

It became clear early on that collaborative research was not appropriate to the needs of
indigenous industry or Irish-based multinationals at that time. The program therefore evolved to
become an industrial extension service in Advanced Manufacturing Technology. Its mission is
currently to "deliver Advanced Manufacturing Technology at a world class level to Irish industry
from centers of excellence operating on a commercial basis."7 9

79 Review of National AMT Program, December 1991. Dublin: AMT Ireland, EOLAS.
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Today, AMT Ireland successfully conducts a mixture of AMT consultancy/support work, training
and awareness-building activity. The program deliberately targets clients among SMEs, larger
high-growth Irish companies and multinationals, aiming to maintain a balance between these three
market segments. Like the other PATs, AMT Ireland has a medium-term objective of being self-
funding, and it has made strong progress towards this goal. AMT Ireland is making a significant
contribution to improving the competitiveness, profitability and employment capability of parts of
Irish industry. Its early focus on 'hard' technology needs was later complemented by support on
the 'soft' aspects of technology - organization and manufacturing strategy.

Important lessons for this report from AMT Ireland's experience include:

o Use of an organizational model with its origins in university research to undertake
industrial support meant few industrial management disciplines were in place during the
early part of the programme. Programme efficiency and effectiveness rose once industrial-
style management tools were adopted.

o The original university base for delivering factory-oriented support services led to a
credibility gap because few of the engineers providing the support had industrial
experience or a track record. The program recruited a few older engineers to deal with
this problem.

o A need was also identified to provide a spectrum of 'technological levels' in the support
offered. Appropriate technology, such as low-cost measures to reduce lead-times and
inventory in SMEs, was needed. So, also, was advanced technology - a 'reference point'
to show how new technology can be exploited in achieving and maintaining international
competitiveness. Advanced and appropriate technologies are not, therefore, alternatives
but complementary requirements in a program, or within a state's support portfolio.

o Trying to meet self-funding objectives at the same time as responding to market failure by
charging differential prices produced an incentive for managers to orient the work of the
program towards those least needing its help, i.e. those most able to pay. In practice, this
tendency is at least partly counteracted by the program personnel's commitment to
industrial development.
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AMTAP (Ireland)
The Advanced Manufacturing Technology Application Program

Technology Audit o

The Advanced Manufacturing Technology Application Program (AMTAP) provides subsidized
consultancy to SMEs. While the program is oriented towards advanced manufacturing
applications, it also has something of the character of an industrial extension service: focusing on
business and organizational needs, and specifying a range of improvement opportunities within
which manufacturing technology is only one possibility. It helps equip SMEs to take their own
decisions about technology, rather than 'pushing' the use of a particular tool or technique.
Evaluation reports indicated high levels of participant satisfaction with the program, with one in
five noting tangible benefits in the form of increased sales or reduced costs within six months of
implementing consultants' recommendations.80

The philosophy underpinning AMTAP is that technology, or automation, is rarely the total
solution for improving competitiveness: development and exploitation of human resources and
modernization of management practices are just as important. It was also recognized that
modernization is a continuing and lengthy process, and that SMEs in particular needed help
because of their unfamiliarity with advanced manufacturing technologies. There was a need to
provide SMEs with financial assistance to engage appropriate consultants.

AMTAP was initiated in 1989 with a budget of $8.5 million to sponsor about 400 projects over a
four year period. Later the budget ceiling was raised to $15 million. It was organized regionally
from the offices of the Independent Regional Development Program (IDRP). By mid-1991
around 400 companies had agreed to participate in over 300 projects,8 ' and by mid-1992 the
number of firms had risen to 500. Consultants are used in the program to: review current
operations with respect to long term strategy; define areas of improvement; analyze the costs and
benefits of alternatives; and to prepare implementation plans. AMTAP contributes up to 60% of
the cost of consultants, up to a limit of $15, 000 for a single application. Selection criteria include
demonstrated commitment of senior management; company viability; potential for enhancing
competitiveness; probability of success; and track record of the consultant.

Early evaluations of the program have confirmed that firms face a broad set of problems in
adopting and utilizing new technology: technological, managerial, staff-related, and strategic.
Under 30% of consultant's recommendations relate directly to the acquisition of AMT, with
similar percentages for management (planning and control of production and integration with

80 ISTC (1992), 'Using Operational Assessments from AMTAP to Improve the Competitiveness of Small
and Medium Sized Companies ISTC (mimeo).

81 Mudde, M. and Colven, T. (1991), 'Improving the Competitiveness of Small/medium Sized Factories: An

Approach to Ensure Greater Success, ISTC (mimeo).
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other functions), and for human resources (upskilling, re-deployment and training programs). The
remaining recommendations cover reorientations of overall business strategy.

Although most consultants' reports were welcomed by firms, a minority concern was that some
reports did not go into sufficient detail on implementation. Most firms took the advice offered
and proceeded with implementation, often retaining the services of the original consultant. A new
program element in 1992 allowed AMTAP to contribute to the costs of retention during the
implementation phase. This rectified an initial underestimation of the time scales and difficulties
firms would face implementing recommendations.

In terms of outreach, by 1992 AMTAP had involved 500 out of a potential target audience of
7,000 SMEs. A further 300 had participated in a related technology audit scheme for very small
firms, the Manufacturing Advisory service (MAS). Financial constraints inevitably limit the
outreach of programs of this nature, and perhaps more thought should have gone into the original
program design to maximize outreach, but potential accelerators under consideration include the
spread of best-practice via the use of research associations as consultants; post-AMTAP
workshops; and the encouragement of Manufacturing Circles and 'demonstrator' site visits to
participant firms.

Key success factors in the implementation of AMTAP include the use of simple application
procedures and forms to encourage firms to apply, and regional organization to reduce travel
costs and allow face-to-face contact.

ASICs Program (Netherlands)
Demonstration Program - Microelectronics in Products (generally known as the ASICs program)

R&D Project Support oo
Institute/University Linkage o
Technology Demonstration and Awareness o

The program ran from 1987 - 90. Its budget was modest: 5m DFI. Following a call for proposals
which attracted 35 applications, 22 companies' proposals for ASIC-using projects were accepted
and funded up to 50% (within a limit of DFI 250.000 per project).

In 1987, the Ministry of Economic Affairs believed there were at least 1000 SMEs in the
Netherlands which could be exploiting ASICs in their products in order to gain competitive
advantage. However, making the leap to using ASICs was also seen as risky. Hence there was a
role for the state to play in demonstrating how this leap could be taken and in diffusing knowledge
about how to take it.

The ASIC program was launched as a technology program with additional ambitious management
concerns to improve inter-working between electronics users and their suppliers. Participants
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were not only given financial assistance but also monitored throughout the program by experts. A
key element was a design review by Eindhoven Technological University, intended to trap design
inadequacies. Unfortunately, since the tools available to the reviewers were not mature, a number
of errors got through this review, though others were captured.

The program had two explicit objectives:

o Encourage the application of modem electronics - specifically ASICs - in products by
about twenty companies.

o Disseminate the results of the demonstration applications to non-users, in order to foster
more widespread ASICs use in Dutch industry.

Of the 22 projects initiated, 19 were completed in the sense that products including the ASIC
developed appeared on the market. However, it appears doubtful that the dissemination objective
was achieved to any extent. The changes required of a firm and the uncertainties which must be
dealt with in adopting ASICs are very large - too large to be tackled as a direct result of a small
extemal stimulus such as a state demonstration program.

A key problem seems to have been the fact that transitioning from discrete components or
microprocessors to ASICs requires a far-reaching change in the design process itself Design
requirements and specifications need to be established and formalized much earlier in the life cycle
than before. This in turn requires a changed understanding of the product innovation process
across much of the company. Thus there is an important flow from technological change to
management and organizational change.

o Close technical monitoring and support to projects appears to have promoted a high
technical success-rate.

O Cost-benefit calculations for using ASICs compared with altemative technologies were
required as a part of the project approvals process. Hence, the chances of economic
success for the projects were raised.

o Projects were almost exclusively proposed by the firms themselves, who comnmitted at
least 50% of the cost involved. They therefore tended to be strongly in line with business
objectives.

o While the projects component of the program appears to have been strongly planned and
managed, planning, specifications of objectives and management on the diffusion side
appear to have been weak.

o Changes which the diffusion activity were to encourage were too great for firms to make
without closer support: too big a technology leap; too risky.
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o The availability of an ASIC supply infrastructure was a crucial pre-condition for the
operation of the program.

o A clear lesson is that diffusion cannot simply be 'tacked on' to technology support
programs in order to increase leverage. the viability of such 'add-ons' depends on the
stage in the technology life-cycle and the commercial riskiness of the proposition for
adopting firms.

o De-coupling the technical and organizational changes required of adopters could have
increased the chances of success. All the organizational or 'soft' changes 'required' by
ASICs use are in any case good modem design practice, and could usefully be the subject
of another promotion program.

C*STAR (Ireland)
C*STAR - an Irish Component of the EC STAR Program

Technology Demonstration and Awareness oo

The digitalization of the Irish telecommunications network has been heavily subsidized by the
European Community through its STAR program. A small share of the money was set aside to
promote the creation of new digital services to exploit this investment.

C*STAR aimed to promote screen-based telecoms services, such as database access and videotex.
It focused on rural communities, which were provided with a PC-based videotex file-server and
support in setting up a database access node in a public building such as a library. The intention
was that local information such as classified advertising and community notices be displayed using
the system, which also provided gateways to the national videotex service and international
databases such as the European Commission's information service (ECHO), the European Space
Agency Information Retrieval Service (ESA-IRS) and Dialog, the international business and
information database brokerage.

The objective of C*STAR was to create and promote the use of digital services over the
telephone network. At the end of the subsidy period, almost all the local C*STAR networks
closed for lack of revenue. C*STAR is well characterized as a 'technology push' program, whose
impact was limited by failure to ensure adequate coupling with user needs.

O The principal (and already well-documented) lesson from international experience with
videotex throughout the 1980s appears to have been ignored: attractive services, not the
availability of technology, drive videotex adoption. C*STAR local services appear to have
been sub-critical in size and scope, while the international databases offered had little
relevance to the communities connected to C*STAR.
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o A political impetus to locate nodes in small, rural communities exacerbated these well-
known difficulties.

o Exemplars (such as Danish videotex usage) used in devising C*STAR were taken from
highly-developed parts of the European Community, where telephone penetration is high
and the quality of the network has long been relatively good. In contrast,
telecommunications in rural Ireland were notoriously poor before the STAR program, and
Ireland was not a 'telephone society'. C*STAR therefore presupposed that two learning
processes in telecommunications could be accelerated among end-users: the transition to
widespread telephone use; and that to using text-based computer services via telephony.

CAD Bus (Sweden)

Institute/University Linkage o
Technologv Demonstration and Awareness oo

The CAD Bus program was an awareness campaign operated in the mid-1980s by the Swedish
Production Engineering Institute (IVF) on behalf of the Ministry of Industry. Its purpose was to
demonstrate to small and medium firms the practicality and benefits of CAD.

Initially, the 'Bus' consisted of an articulated lorry, in which IVF mounted a CAD system and
plotter. The bus toured industrial areas of Sweden. SME designers and company directors were
invited to bring example component design problems to the bus, where they would be solved
using the CAD system.

A second campaign involved a larger trailer, containing a small CNC milling machine, linked by
wire to the CAD system. This enabled IVF to design and make prototype components with
potential CAD-adopters - typically while the bus was parked outside the factory.

The campaign was well-received because it took the technology to the companies and gave them
a very tangible demonstration. Using a real component from the company made the technology
demonstration both tangible and credible. Proving the technology could tackle companies' own
current problems was far more likely to make them invest in CAD/CAM than general publicity
about the technology or even than seeing others' problems being solved in practice. The
drawback in the approach was cost: the equipment and the bus crew had to be dedicated to each
demonstration for up to two or three days, so there was limited direct leverage. Nonetheless, the
word-of-mouth effects seem to have been important, and the campaigns appears to have helped
promote the early and rapid diffusion of CAD technology among smaller firms in Sweden.
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CADCAM in Engineering (Sweden)
CADCAM Systems in Engineering Firms

R&D Project Support 00
Institute/University Linkage o
Technology Demonstration and Awareness o

This program had a budget of 65 MSEK and ran from 1983-88. Subsidy was available to firms
themselves investing in CADCAM, to help pay for R&D projects associated with adoption. No
subsidy was available for the acquisition of the CADCAM systems themselves.

The National Board for Technological Development (formerly STU, now incorporated into Nutek
- the National Board for Industrial and Technological Development) perceived the adoption of 3D
CADCAM systems in the engineering industry as being too slow because it was hampered by:

o Lack of technical capabilities.
o The difficulty of making a financial appraisal of the investment in CADCAM.
o The high price of the CADCAM systems.

While the largest engineering firms were early adopters, SMEs were less able to take up the
technology.

As a result, a program was devised which was intended to raise companies' ability to work with
the new technology. The central idea was to build up a 'reference system' of CADCAM
installations, which would be technically and financially beneficial in their own right and which
would demonstrate how generic CADCAM technology could be adapted to the needs of
individual applications.

As with all Nutek programs, this one was overseen by an industry-state committee. Program
management was contracted out to the Swedish Institute of Production Engineering (IVF). In
funding projects, there had to be a trade-off between application-specific demonstrators and
projects aimed more directly at technology diffusion. Some two-thirds of the budget was
allocated to demonstrators, mostly with large firms. Most of the balance was spent on
collaborative projects centered on the Swedish Institute of Production Engineering. These
comprised a mixture of development, evaluation and standardization projects covering matters
such as contractor-subcontractor communications. A smaller amount was spent on seminars,
promotional materials and support to technical educators, intended to diffuse awareness more
broadly across the engineering industry.

The overall objective of the program was to accelerate the adoption by Swedish industry of 3D
CADCAM technology for mechanical engineering. This objective was to be reached by measures
which would:
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o Stimulate the adoption of known but under-exploited technology.
O Accelerate the transfer of technology from research institutes and the higher education

sector into industry.

O Make the diffusion of technology from the most advanced firms to the rest of the industry
more effective.

O Stimulate the creation of Swedish CADCAM suppliers.

As a result of the program, participants were generally satisfied that they were among the best
CADCAM practitioners in their business by the end of the Program. Investments in CADCAM
were larger than they would have been in the absence of a Program and the development of
capabilities in the technology would have been slower.82 Lessons emerging from the program are

o Involving the large firms provided a way to speed CADCAM diffusion through
subcontractor networks.

o However, it is not evident that large-firm funding on the scale of this program was
necessary. It may be explained by the important role these firms play in Nutek's
management committees.

o The program focused on expensive, high-specification CADCAM systems, dismissing the
emerging microcomputer-based systems (which today have become very powerful) as
technically inadequate. It may therefore have selected out much of the SME sector, which
was its ostensible target-group.

o Technical educators proved very hard to influence via promotional materials. Closer
involvement with researchers was needed, coupled with some assurance that there would
be demand for the educators' new skills.

o The Program had no impact on the supply-side in Sweden. While some large companies
had developed CADCAM systems in-house, they did not attempt to market these in
competition with the well-established (and US-dominated) CAD industry.

o In this Program, as in others, the involvement of the state led to projects receiving higher
priority within participating firms than would otherwise have been the case."'

82 Konsultfirman Fernandez & Selg, Utvardering av InsatsomrAden CAD/CAM-Projekt i
Verkstadsindustrin, Tobos 85, Industrimineral, Stockholm: 1989.
83 Ibid.
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CAD Center (Ireland)
Computer-Aided Design (CAD) Center, Waterford

Technical Information o
Manufacturing Consultancy o
Technology Center 00
Education and Training o

The budget for the CAD Center is currently £I120,000, of which subvention accounts for some
£I70,000. It began operations in 1991.

The low rate of diffusion of CAD into the largely mechanical industries of SE Ireland and the
apparent difficulties of adoption prompted the Regional Technical College and EOLAS to set up a
CAD Center at the RTC, as part of a larger initiative on technology in the region (SERtec). The
CAD Center was seen as way for smaller enterprises to overcome the doubts and uncertainties of
entering a new technology and their reluctance to deal with systems vendors thought unlikely to
provide objective advice. The center provides training, consultancy and bureau services based on
a diversity of low-cost CAD systems.

As CAD use matures, the market failure involved in CAD adoption by smaller firms is expected to
diminish. It is planned that the CAD Center should cover its operating costs after three years of
operation. In its first year of operation, the CAD Center has with minimal resources served more
than forty paying clients and informally advised as many again. While it is now widely recognized
that CAD is useful technology, the CAD Center is enabling smaller companies and technological
laggards to use it effectively by helping them up the user 'learning curve'. This involves
demonstrating the utility of low-cost CAD, demystifying the choice of system, and helping users
make their systems more application-specific and therefore more useful to them.

In addition, the Center has established a specialism in CAD-based Geographical Information
Systems, which have a role to play in increasing the efficiency and effectiveness of management
and maintenance of estates and extensive plant installations. Typical users would be local
government or telephone companies.

o A key strength of the Center is recognizing, first, that CAD diffusion and adoption takes
place at different times and rates in different market segments; and, second, that buying a
system is not the end of the story. Rather, there is a protracted learning curve involved in
applying CAD. Accelerating this learning through training and consultancy projects brings
significant value to the local economy.

o Marketing was deliberate, detailed and proactive. It involved using a trade directory to
identify and establish a database of all potential customers in SE Ireland, and to plot their
degree of CAD adoption. This allowed focused sales efforts to be directed to firms likely
to need help.
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o Upgrading capabilities at the Irish subsidiary of an MNC provides a means to reduce
'footlooseness'. For example, one multinational's local plant has been helped in the
process of applying CAD/CAM to the generation of detail designs and manufacturing
tooling from styling drawings sent by the parent company abroad.

o While capital equipment was bought in 1989, various administrative and recruitment
delays prevented the Center from opening until two years later. As a result, the computers
and software were largely out of date. To be convincing, the Center had to find ways to
renew its capital stock, even though no revenue had been generated on the old stock which
could help justify writing it off. Careful timing of purchases is necessary in areas of fast-
changing technology. In general, those buying the capital equipment should be those who
will manage the operation, as this provides a strong incentive for good decision-making.

o Setting up the CAD Center in Waterford has provided local companies with access to
scanning equipment via the Center's bureau service. While scanning cannot in any way be
regarded as a technology transfer activity, it keeps the Center in contact with past and
potential future clients, creating opportunities for staff to identify user needs and 'sell'
solutions.

FAS (Ireland)
Training and Employment Authority IT Training Courses

Education and Training o

Ireland has among the highest rates of unemployment in the European Community.
Unemployment has reached crisis-level at 300,000 (22% of the labor force). With approximately
half the population aged 25 or less, each of the next few years will see a net addition of about
20,000 people to the labor market. With the world economy in slump, the traditional safety-valve
of emigration cannot operate.

The level of unemployment is an effect of the industrial shake-out and restructuring process in
train since Ireland joined the EC: shake-out, because the previous 'infant industry' policies had
isolated Irish manufacturing from the pressures of international competition and led to
inefficiency; restructuring, because the commitment to the EC represents a commitment to
achieving Western European income and cost structures, and the industrial structure needed to
deliver these.

FAS acts as the state-owned employment bureau matching unemployed people to job vacancies,
provides training to the unemployed at twenty local training centers across the country; and
provides assistance to persons seeking employment elsewhere in the European Union. Training
courses are up to about 40 weeks long and cover most blue-collar and clerical occupations. This
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includes retraining in technician-level skills such as Computer-Aided Drafting. It does not,
however, cover full-length technician or craft education courses, which are typically provided by
the education sector.

FAS courses are fairly general. IT subjects covered include: computerized office systems;
Computer-Aided Drafting; programming; simple applications; desktop publishing; software
development; computer maintenance; general electronics maintenance; maintenance of factory
automated systems; and data communications. Course participants are screened for suitability
before being taken onto courses, and FAS claims that 80% of students from its IT-related courses
find work afterwards, compared with about 70% for its courses overall.

Certification is done using the British City and Guilds examinations. This allows FAS to buy a
'packaged' English-language certification solution and provides a qualification that is fairly well
understood across a significant part of the EC. (The UK is a traditional destination for migrants
as well as being Ireland's largest trading partner.)

FAS also plays a role in supporting inward investors starting up or expanding in Ireland. It offers
a packaged solution of recruitment and training. Company-specific courses are offered at prices
which cover only the variable costs (labor, materials) involved. These may be run at the company
or use FAS' own training centers. For example, FAS has supported Intel's recent inward
investment with such a package and supplied training for recent expansions by Microsoft, Legrand
and Zenith.

o The provision of support to inward investors appears to be a useful ingredient in the total
'package' offered by Ireland.

o Services to would-be emigrants are oriented both to exporting Irish unemployment and to
counselling leavers about domestic opportunities, to increase the likelihood of retaining
critical skills in the economy.

o As an Agency with an economy-wide remit, FAS has historically been ill-equipped to
understand emerging technologies. Research in collaboration with external bodies
sometimes helps alleviate this. However, internal capabilities have been slow to develop -
resulting, for example, in over-investment in non-standard computer equipment. It is also
difficult for the system to plan for the short (2-3 year) useful life of capital equipment such
as computers.

o FAS limits its in-house training capabilities to areas for which there is enough anticipated
demand to require constant course-provision. Other training may be contracted in.
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Innovation Centers (Netherlands)

Technical Information o
Technology Audits oo
Manufacturing Consultancy o
Technology Centers o
Technology Demonstration and Awareness o

The current budget for innovation centers in the Netherlands stands at some 40m DFI per year.
There are 20 Centers in all, employing 140 innovation consultants.

The Centers offer two days free consultancy per year to SMEs, acting to diagnose and specify
problems. An additional eight days of advice are available from the Center at a commercial
consultancy rate. Thereafter, solutions are to be delivered through referrals to higher education
institutes and professional consultants. 15% of the innovation consultants' time is available to the
Ministry of Economic Affairs for use in other innovation actions, such as awareness schemes.

Each regional Innovation Center is tied to a local Chamber of Commerce. It has a Board
comprising local business people and representatives from higher education. The Board has
formal responsibility for preparing an annual business plan, which is the basis of funding by the
Ministry of Economic Affairs. There are currently plans to add a small number of branch-focused
Innovation Centers, for which a budget of 5m DFI has been reserved.

The 18 regional centers were established in 1988/9. The regional network was strengthened by
the addition of the (preexisting) national Invention Center in Rotterdam at the start of 1990 and
by a specialist national information/patents unit attached to the European Patents Office.

The Netherlands economy is strongly polarized between, on the one hand, five huge
multinationals (e.g Philips, Shell) and twenty or so very large firms (DAF, Fokker and so on) and,
on the other hand, up to 350,000 SMEs. Unlike in Germany, there is no Mittelstand of medium-
sized manufacturing companies. When the Innovation Centers were set up, SMEs were a central
policy concern, although with globalization and the current recession policy concern has shifted
towards issues of capability and knowledge-retention in the twenty large companies.

The Innovation Centers were established based on a recommendation in the 1987 Dekker report.
This held that the problem of technology was application not availability, and that technology
transfer was therefore the key policy issue.

The Innovation centers broker contacts and information about new technology between SMEs
and knowledge-sources such as universities, consultants and technology suppliers. They act both
responsively (answering inquiries) and proactively, visiting companies to undertake swift
technology audits. However, the Center consultants consider more than purely technological
issues: "Technology is ... the 'carrier' of the counselling services, but other aspects of a
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company's business such as its organization and marketing are considered as well." [English
description of program, provided by Ministry of Economic Affairs]

The objective of the Innovation Centers is to initiate and stimulate technology transfer to firms
which are technology 'followers' or 'laggards'. They operate in an area of perceived market
failure.

By the start of 1991, the Centers had had contacts with 17.500 firms. Initial surveys indicate high
(60%) awareness of the Centers within the target firm community, and high satisfaction levels
among clients - 80% of past clients say they are 'very satisfied' with the help they were given.
However, there has been no independent evaluation and no measurement of achievements to date.

o Use of generalist personnel (generally aged 30-35) with industrial experience.

o Use universities as sources of intelligent slave-labor (typically for a stage) rather than as
technology sources.

o Go to professionals for proven technologies/solutions.
9 Referral function of the Innovation Centers is appreciated by the consultants because the

Centers effectively produce qualified leads.

o Tie to existing institutions and regional personalities via Chambers of Commerce and the
regional Boards of the Innovation Centers enables the social aspect of innovation to be
handled. Especially important when dealing with the 'softer' aspects of manufacturing
technology.

o Relevant personnel were available from a preexisting state technology extension scheme.

O Industrial and consulting infrastructure is at a level of development where the use of
consultants is acceptable to SMEs and where there is a regionally-available network of
consultants able to deliver services at SME price levels.

o The MEA regards the need for this type of action as structural and permanent. "You
cannot make your living in a market failure".

o Understanding the boundary between market failure and opportunities to exploit the
market is important, hence the restriction of the Centers' role to brokering as against
service delivery.
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INSP (Netherlands)
The Dutch Informatics Promotion Plan, 1984-88

R&D Project Support o
Institute/University Linkage o
Technology Demonstration and Awareness o
Education and Training o
Government Inform atics o

The INSP was the largest and most comprehensive IT program the Netherlands has ever seen.
The budget was 1.7 billion DFI over 5 years: 1984 - 88.

In a period (the first half of the 1980s) when many OECD countries were launching major
national IT initiatives, the INSP was rapidly created as the rallying-point for Dutch IT efforts.
The major Dutch electronics company, Philips, was showing signs of difficulty in its major
consumer electronics and electronic components businesses as well as in telecommunications and
computing. Other sectors of industry were seen as lacking comparative strength in electronics.

The INSP was a large national IT program organized by the Ministers of Economic Affairs,
Agriculture and Education. It spanned roughly 30 sub-programs in:

o Awareness (13m DFI).
o Education (379m DFI).
O Research (284m DFI).
O Industry (853m DFI).
O Government informatics (147m DFI).

Economic Affairs contributed 70% of the budget, Agriculture 14% and Education and Science
16%. However, there was no inter-Ministerial management, goal-setting or cooperation in
operating INSP and no shared sub-programs between Ministries. Some 60% of the budget was
'old money': existing activities repackaged into the new INSP framework.

Beyond the very high-level ambition of improving national competitiveness through IT, INSP did
not have a clear set of goals. Not surprisingly for a 'bottom-up' program, INSP's performance
was mixed (see Zegveld et al, 1988 for an evaluation). For example:

o The Ministry of Agriculture's activities - which exploited existing research, education and
extension capabilities - were seen as strong.

o In the manufacturing technology area, there was found to be overlap between programs.
Government had failed to recognize the need to use different administrative mechanisms to
reach small and large firms.
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o Software industry promotion support existing practices in Dutch software production,
rather than moving towards the more capital-intensive methods which represented
international best practice.

O The effort on informatics in the public sector had difficulty in spending its budget. Since
INSP, the Netherlands has abandoned proactive policy in government computer
procurement. Policy is now largely limited to standards adherence.

o Logistics systems work was seen as largely successful.

O Educational software promotion was partly successful, but hampered by the problem of
market fragmentation caused by differing curricula among the religious groupings in what
is already a small linguistic market.

The evaluators described INSP as a useful first step which had increased awareness and
galvanized some actors into action, but they went on to say that there should be more effort
directed at the demand side: INSP was a 'technology push' program. This policy evolution
subsequently took place, as it did in most other OECD countries which lived through similar
experiences with their early-1980s IT programs.

The INSP brought a number of important lessons:

o Failure to release departmental holds on budgets when several funders cooperate to put
together large programs compromises effectiveness.

o A central program management is needed to define goals, measure and manage progress
against milestones.

o Continuity was needed in policy actions after INSP if efforts made under the program
were to be effective.

o INSP suffered from 'technology fascination', and therefore did too little about the 'soft'
aspects of regulation and management.

o A narrow definition of IT which excluded telecommunications and broadcasting meant that
the program under-exploited areas of national strength.

o 'Repackaging' of existing initiatives is often necessary in launching a large program - but
can compromise new programmatic goals and perpetuate out-of-date definitions and
boundaries (eg the effective exclusion of telecommunications from the definition of IT in
the INSP).
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o Significant amounts of new resource cannot necessarily be spent quickly: funding needs to
build up over time, not simply to start and continue at a fairly high but flat level.

IRAP (Canada)
The Industrial Research Assistance Program

R&D Project Support o
Technical Information o
Manmfacturing Consultancy 00

Organized by the National Research Council of Canada (NRCC), tRAP is primarily a program
which provides technical advice to Canadian industry, SNMEs in particular.84 It occupies an
important strategic position between NRCC's Institutes and the industrial community. 5

The program has two main elements, the first concerned with technology enhancement; the
second with R&D and adaptation. The former is organized on a regional basis and is designed to
support a variety of small scale technical assistance activities up to a ceiling of $15,000. An
example would be a technical search for a small R&D project. The second element is organized
on a national basis and includes support - ranging from $15,000 to $350,000 - for R&D projects
involving applied research and development, as well as the adaptation of technologies of proven
technical merit.

Although the advice and support provided spans a wide range of technologies, some 30-35% of
enquiries relate to IT, defined in a narrow sense, rising to 50-60% if IT is taken to include areas
such as CIM and process control.

IRAP was set up in 1948 as a technical information service and added project delivery in 1962. In
1991/92 there were over 11,000 active TRAP clients (out of a potential target audience of around
50,000) and 4,500 projects generated. The total budget for 1992/93 was $84 million.

IRAP is a technology network comprising 220 industry technology associates in 80 institutions
delivering a flexible decentralized service throughout Canada. These are based in local
technology associations such as Provincial Research Organizations, government laboratories,
universities and consulting engineering companies. Approximately a third come from NRCC
establishments.

IRAP is client-driven, not technology push, and like AMTAP its underpinning philosophy is to
seek appropriate solutions whatever the source. Unlike AMTAP, IRAP essentially focuses on
technical solutions.

54 NRCC (1991), The Industrial Research Assistance Program: A Strategic Plan for the 1990s, Ottawa.
ss NRCC (1990), IRAP Evaluation Study, Ottawa.
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Firms can make use of the network to define its technical needs; identify technical opportunities;
obtain technical informnation and assistance; solve product and production problems; access or
acquire technology or expertise from Canadian or foreign sources; access financial assistance
programs and refer the firm to other assistance. Services of this nature are provided free of
charge.

Under the technology enhancement scheme, SMEs can get support for technical feasibility
studies; small-scale R&D (sub-contracted or in-house); technical consultancies; visits to
government laboratories and universities; technology transfer to industrial associations; and links
with larger firms. IRAP covers up to 75% of eligible costs.

Within the research, development and adaptation scheme, SMEs with existing technical capability
are subsidized to ruggedize technology prior to commercialization, and are strongly encouraged
to develop appropriate links with external sources of technology or technical assistance, such as
government laboratories and universities. Selection criteria include novelty, technical risk and
potential for enhancing the technical base of a firm, leading to industrial development and
commercial exploitation. IRAP can cover 50% of costs.

In crude terms, IRAP might be considered cheap consultancy. In reality it does not compete
directly with private consultancies because its focus is 'entry level' problem solving. In many
cases IRAP acts as a broker for consultants - it often introduces firms to relevant 'problem
solvers', especially when first explorations reveal that the problems confronting firms are not
solely technical in nature. Many of these firms are reluctant to approach consultants directly. The
free 'entry level' advice available from the IRAP technology advisers is a key feature of the
program.

On the other hand, for larger IRAP projects, the shared cost basis is an important means of
establishing commitment within firms and enhancing internal technical capability. In this way
firms are encouraged along a 'self-help' route and discouraged from regarding IRAP solely as a
cheap 'fix it' network.

IT4 Software (Sweden)
Software Projects in the Swedish National IT R&D Program (IT4) and the IFIS Diffusion Project

R&D Project Support 00
Technical Information 00
Technology Demonstration and Awareness o

Like other advanced OECD countries, Sweden has had a series of state-sponsored activities in
promoting the development and use of Software Engineering and advanced software development
tools. As a result, for example, of projects in the Swedish 'IT4' national R&D program in
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advanced IT, some niche positions have been established by Swedish firms on the supply side.
However, the consensus is that little progress has been made in changing industrial practice. The
products of state promotions - such as the Ada language for defence systems and various
development tools and environments - have not taken root in industry to the degree intended.
Instead, there is a continuing succession of apparent fashions in design and programming tools
and techniques.

Late in the IT4 program, the Association of Swedish Engineering Industries launched a diffUsion
project (LFIS) intending to track and disseminate the state of the art in software engineering. The
project has a budget of 1.8 MSEK and runs from 1990 to 1993. It exploits the Association's
existing technology diffusion committee and publications structures, and tracks:

o The state of the art in software engineering in the USA, Japan and Europe.
o Developments in object-oriented approaches to software development.
O EC collaborative projects in software engineering.
o The results of IT4 software engineering projects.

The aim is to refocus away from 'technology push' towards creating an educated community,
receptive to new tools and techniques as these evolve, and able to identify and respond to
commercial opportunities and threats emerging from software engineering activities at home and
abroad. Research and tracking reports have been commissioned from technical consultants, and
are disseminated through a combination of the Association's own technical committees, dedicated
seminars and publications.

The objectives of IFIS are therefore to promote industrial capabilities and understanding of
software engineering and to channel the results of others' research to Swedish industry.

o The project appears to be necessary but not sufficient to make industry more receptive to
new software engineering approaches and technologies.

o An important strength is the attempt to influence potential users' ability to make choices of
technique. It is clear that a key reason for the lack of take-up of software engineering is
that technology has run well ahead of the organizational and intellectual processes used by
most software developers.

o However, without broader initiatives in education and without finding ways to tackle the
way potential users manage and develop software, it is difficult to see how IFIS can make
a significant impact on industrial practice.

o Clearly, this is an area where a broader, cross-Agency initiative is needed.
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Jamtland Project (Sweden)

Technology Bootstrap oo
Technology Demonstration and Awareness o

The Jamtland project was a small part of a modest program of support (Inlandsprogrammet) to
SMEs in the less-populated areas of mid- and North-Sweden. The whole program had a budget
of 17.5 MSEK, of which the Jamtland project comprised well under 10%, and ran from 1989 to
1991.

SMEs located in the less populated areas are seen as being disadvantaged not only by their
location but also through the weakness of inter-company links and relatively low technological
capabilities. The overall program (Inlandsprogrammet) comprised a range of measures including
sponsored travel to encourage entrepreneurs to see best-practice plant, 'technology cheques' or
subsidies for them to buy support in introducing new technology, training and other innovation
support. The Jamtland project was a pilot, restricted to the Jamtland area in Northern Sweden.
Firms contemplating investing in (PC-based) CADCAM were lent equipment and a newly-
qualified engineer for six months without charge.

The objective was to raise the level of technical capability in firms both through introducing CAD
and by exposing them to a graduate engineer - a resource which many had not previously had
available. The project was very successful in the participating firms. Almost all went on to make
investments in CAD systems. Some subsequently hired graduate engineers.

The sustained exposure of participating firms to a trained engineer tended to be very important in
allowing them to understand, invest in and exploit CAD. This is, however, a very resource-
intensive way to diffuse such a technology. The project rapidly ran out of funds to employ the
engineers. The engineers themselves tended to come from the Norwegian Technological
University, just across the border in Trondheim. They, too, were in limited supply. By the end of
the project, both the supply of money and the supply of engineers were drying up. Emerging
lessons are:

o People-based technology diffusion mechanisms are effective but resource-intensive.

o There needs to be a mechanism to 'leverage' the experience of this type of resource-
intensive transfer across a wider population - for example, through a system of
demonstration or reference sites or via an awareness campaign.

o Technology diffusion is often - at root - a means to raise technology skill levels.
Inherently, this implies that relevant skills will tend to be in short supply. Skill-intensive
technology transfer mechanisms therefore need to husband people-resources with care.
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LGCSB (Ireland)
Local Government Computer Services Board

Coordination O
Government Informalics 00

The Board's budget is £2.2m per year - covering the software and software maintenance needs of
32 Local Authorities across 26 Counties.

The LGCSB is effectively a joint-venture of the Irish Local Authorities, who contribute to its
operating costs pro rate their populations. It was established in 1975. At this time, there had
been little computerization by the Local Authorities. The Authorities rejected the idea of a central
DP 'utility' and consequently do their own computing. However, standards for machines are
common across the authorities: IBM PC; Bull DPS-6 minicomputers; and a limited number of
workstations for specialized applications.

The LGCSB has largely functioned as a shared systems developer for the Irish Local Authorities.
The first phase of computing in 1977 introduced basic but valuable data processing in the form of
batch systems covering operations such as payroll and local taxation. The second phase in 1984
introduced on-line, real-time systems to critical areas, integrated some systems and completed the
computerization of basic functions. This phase saw the introduction of PC-based productivity
tools (Word Processing, Spreadsheets, etc.). As from 1992, the LGCSB is moving into a third
phase. This involves movement to open systems rather than continuing to rely on proprietary
platform standards, the increased use of bought-in packages where possible and a shift in the role
of the Board from universal software-provider to focus on consulting and advisory functions.
While the large corpus of existing software will continue to require maintenance and
redevelopment, the Board is now free to address the user-specific needs of certain of the Local
Authorities - for example in tourism or fisheries applications.

The objective of the LGCSB has been "In partnership with the local Authorities, to develop and
implement strategies for Information Technology which will enable them to provide the best and
most efficient services for the citizen and fulfil their statutory obligation."86 The Board has
achieved significant economies of scale by standardizing the systems needs and solutions of all the
Local Authorities and by negotiating significant hardware discounts from selected suppliers -
telling us that Irish Local Authorities' computing software costs per head of population were
about one-sixth of those of British Local Authorities.

o A cooperative solution to common computing requirements was identified and served by
skilled staff with good knowledge of the technology. Technology could therefore be
transferred and managed according to a plan which was both central and competent. The
great risk with this type of organization is of centrally-imposed incompetence.

86 Annual Report. 1990.
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o A key enabling factor for the LGCSB's success was that it was created before Local
Authorities had substantial investments in IT. As a result, they were not already locked
into conflicting standards and architectures.

MAC (Ireland)
National Microelectronics Application Center, Limerick

Technical Information o
Technology Center oo

The center is located on the Limerick University campus, and employs 14 people. It is owned by
Shannon Development, the Irish Industrial Development Authority (IDA) and EOLAS, the
National Science and Technology Agency. It trades as a company, charging fee-levels as high as
it believes the market will bear. For consultancy, fees may be up to £495 per day, on a par with
commercial consultants. In principle, all assignments are priced at least to cover costs. However,
roughly half the income comes from EC projects and half the balance comes from grant-aid by the
Irish state to companies, so three-quarters of the income derives from state programs.

The MAC was set up in 1981, at the same time as the National Microelectronics Research Center
in Cork, which focuses on microelectronics process research. It went through a financial crisis in
the early 1980s which led to a tightening of managerial processes, but only finally began trading in
profit in 1991. Originally, the MAC was viewed as a tool for improving the competitiveness of
Irish industry by promoting microelectronics and IT application. Increasingly, MAC itself has
added aspects of commercial advice, especially competitive analysis to its offerings to
entrepreneurs. MAC sees many of its customers as having good understanding of their
technology needs and their market but as failing to determine the competitive uniqueness and
value of their innovations before trying to invest.

MAC undertakes product and process development projects and consultancy involving
microelectronics applications. Projects include the design of check-weighers, testing and
characterization of integrated circuits and design of a smart-card-based pay-tv system. Various
feasibility and technical studies are undertaken for European programs ranging from the Joint
European Torus fusion project to DRIVE, the EC's infrastructure R&D program for road
transport informatics (RTI).

The MAC's objective is primarily to promote industrial development through the creation and
support of business activity based on microelectronics applications. The secondary objective is to
trade at a (modest) profit, because this imposes a valuable discipline on the Center. This means
that while MAC works primarily on state-subsidized work, the funding decisions have been made
explicitly on a project-by-project basis.
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The MAC management believe they have been responsible for creating some 350 sustainable jobs
in Irish industry over the life of the Center so far, in addition to the 14 jobs at the Center. They
have played a key role in establishing and educating a number of Irish small entrepreneurs. MAC
now provides some level of advice to about 250 companies per year, of which 10% would be fee-
paying clients.

o The MAC shareholders have provided 'patient money'. As government agencies, they
have been able to wait a decade before seeing a financial retum. They view the returns on
their investments as primarily coming through industrial development and job creation, and
in this sense they believe their investment has been repaid some time ago.

O Operating the MAC as a company provides a transparent set of economics and a helpful
discipline on management.

o At the same time, since the MAC does not always aim to maximize profits, it is able to
impose conditions when delivering services. A key example is requiring entrepreneurs to
fund a literature search to determine the uniqueness of a product idea before beginning a
product development project.

o Separating the economics of delivering services from the subsidy mechanism has the
additional benefit of revealing the true cost of subsidy - allowing rational subsidy decisions
to be taken.

o The Center staff are young - in their 20s - but have some industrial experience.
Employment at the Center is a career stepping-stone, not a career. This refreshes Center
skills and provides a flow of engineers with intensive project experience to Irish industry.

O At the outset, MAC was provided with a significant capital budget. Much of this was
spent ahead of winning projects on equipment which was then under-utilized. Management
believes a more modest capital equipment provision would have been appropriate,
provided the Center had adequate working capital and the ability to access equipment as
needed on a rental or leasing basis.

o Within the Irish industrial support system, MAC's function has some overlap with that of
other activities, for example the Advanced Manufacturing Technology program, which
also has a center at Limerick. Where Centers run on a break-even or profit basis, this is
not necessarily a problem. It does, however, discourage the transfer of management
processes and experience between programs.
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MCS/NTAP (Ireland)
Manufacturing Consultancy Service/National Technology Audit Program

Technology Audit oo
Manufacturing Consultancy o

The National Technology Audit program (NTAP) has been running since 1989 and has current a
budget allocation of about £im per year. It is operated by the Manufacturing Consultancy
Service (MCS) of EOLAS, the Irish National Science and Technology Agency.

The NTAP is primarily aimed at small companies of 60 or fewer people and a turnover of under
£3m. Its objective is to help companies identify opportunities for improving their performance,
and therefore their profits, via better use of technology. Through the program, MCS provides ten
consulting days for an initial diagnostic analysis and report. This highlights the 5 - 10 main
improvement opportunities, sets out an action-plan and the initial steps needed to exploit these
opportunities. While, in principle, the audit focuses on products, equipment and manufacturing
methods, these technical aspects cannot be treated in isolation. The audits must therefore also
take account of other factors such as finance, marketing, management and quality systems.

In a typical case the auditor will:

9 Interview key personnel, normally taking a half to one day.
o Carry out an on-site assessment of methods and procedures (2 - 4 days).
9 Undertake further off-site investigations and prepare a detailed report (at least 5 - 7 days).
o Revisit the company to present and discuss the report.

A follow-up visit is arranged 6 - 9 months after the audit to monitor implementation.

Companies pay £1000 towards the £4000 cost of an NTAP audit, with the Irish treasury funding
the balance. In 1990, the program was extended to allow up to 50% subsidy for follow-on
implementation consultancy supplied by MCS or other approved consultants.

Companies appear generally to be content with the audit process, with about three-quarters of the
companies indicating they were happy with the results. For almost 40% of the companies the
main impact of the audit is technical, while almost half see the impact as being on the wider
aspects of running their business. Like the Canadian AMTAP program, therefore, NTAP is both
a technology and a business audit. The most important technical impacts are on improving
manufacturing techniques, efficiency and quality, while the key non-technical impacts involve
improving business planning skills and reducing unit labor costs.

EOLAS regards the NTAP, along with TechStart (see elsewhere in this report), as an important
tool for making companies aware of technology and business opportunities and for achieving
industrial development by inducing companies to improve their technological and business
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capabilities. EOLAS regional staff monitor company development and have a toolkit of supports
at their disposal in order to assist in this development.

Mi Toe (Netherlands)
Microelectronics in Products Program

R&D Project Support oo

The program is running from 1990 - 1994, at a cost to the state of some 5m DFI per year. Initial
contacts by the program management and up to five person-days of advice are free. Feasibility
studies receive subsidies up to DFI 20,000, or abut 10 person-days of effort. Projects progressing
to the Action Plan stage may be subsidized to cover 40% of costs, within a limit of DFI 60,000.
Only companies employing fewer than 500 people are eligible.

Several years of intervention through the 1980s had left only some 5% of manufacturing SMEs
making use of microelectronics in their products. While policy on microelectronics in the early-
mid 1980s was coordinated under the INSP program, initiatives in the later 1980s (including the
ASICs program) were uncoordinated.

The Ministry wrote a Microelectronics Workplan in 1989/90, to cover actions in the years 1990 -
94. Mi Toe was one of the actions envisaged.

The program is led by the TNO Innovation Unit, but also involves the eighteen regional
Innovation Centers, the three regional microelectronics centers, the branch organization Holland
Elektronika and StiPT, the state-wide authority for technology policy. TNO manages the
program and awards feasibility grants. Action Plan grants are awarded by an independent panel of
experts. With guidance from the other institutes, TNO seeks out potential users of the program
and approaches them with an offer of free advice. Suitable candidates may apply for feasibility
grants and subsequently for a subsidy towards the cost of implementation (the 'Action Plan').
Commercial as well as technical judgments are among the decision criteria.

Mi Toe's overall goal was to raise the proportion of SMEs using microelectronics from 5% to
10%. Annual tactical objectives were set: contact 250 firms to understand needs; conduct 125
feasibility studies; write 50 Action Plans. These were comfortably exceeded in the first year of
operations, except at the Action Plan level, where only 14 Plans were written. This shortfall was
probably due to the unexpectedly long gestation period for each firm - typically requiring 9
months to reach the feasibility stage. Officials had expected small firms to make decisions more
quickly.

While an evaluation is in progress, it is too early in this program to see many concrete results.
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o Close interaction, involving the investment of considerable amounts of time, has been
essential in order to induce SME entrepreneurs to examine and join the program.

o The Ministry states that the willingness of TNO to recommend against using
microelectronics has been key to achieving a high success-rate.

o The conflict of interest between TNO in its role as grant-allocator and as project
manager/executor has been observed by potential participants, some of whom say this is a
reason for not participating.

o Long decision-times for small firms were unexpected by officials. These appear to result
from the need to come to terms with new technologies -including the need for some
training at management level - which slows the customarily rapid response times of small
entrepreneurs.

Micro Systems (Germany)
Micro Systems Technology Program, 1990-93

R&D Project Support oo
Technology Demonstration and Awareness o

This DM25Om program extends the Promotion of Microperipherics program into microsystems
incorporating microperipherics, such as intelligent sensors. Like its predecessor, it comprises a
mixture of indirect-specific development project support (DMI 1 Im), precompetitive collaborative
R&D (DM95m) and technology transfer support (DM28m). In parallel, the collaborative part of
the Microperipherics program has been extended by DM140m.

In designing the Micro Systems Technology (MST) program, the BMFT has explicitly rejected
the idea of innovation as a linear sequence from R&D proposals to R&D results and then
applications, arguing that there is constant feedback between different 'stages' in the innovation
process and therefore that there will be a constant process of iteration between stages. It does
not, therefore, expect to measure success only in terms of the number of commercialized
prototypes emerging from the program, although this must clearly be an important measure, but
also in other terms.

Understanding that the development and adoption of MST in SMEs can be a disruptive and
demanding process, BMFT has incorporated into the program the possibility not only to do R&D
but also to receive technical and consulting support to deal with issues such as market
development, simultaneous engineering, technology screening, investment decisions, know-how
acquisition, organization and quality assurance. While the economic focus necessarily remains on
developing technology for industrial competitiveness, this willingness to tackle the broader issues
of innovation is a progressive policy step.



186

Preliminary evaluation reports are positive.8 7 The program has been very successful in reaching
small, R&D-intensive companies. A great deal of use has been made of the indirect-specific
support to fund work by third parties, but it is understood that this can only be absorbed by firms
which themselves perform R&D on related topics.

Microperipherics (Germany)
Promotion of Microperipherics, 1985-89

R&D Project Support oo
Technical Information o
Technology Demonstration and Awareness o

This program followed an earlier initiative (1982-4) on Microelectronics Applications
(Anwendung der Mikroelektronik), and addressed bottlenecks in sensor technology impeding
the wider application of IT in German machine-building industries. The program had three parts:
indirect-specific funding for development projects (DM68m over the life of the program); funding
for collaborative R&D projects (DM193m); and technology transfer support (DM54m).

A total of 375 companies applied for the available indirect-specific subsidies to sensor
development projects, of which 303 were eligible and received funds. Subsidy levels were limited
to 40% of project costs and cash-limited to DM400,000 - later raised to DM800,000. Some 60%
of German companies manufacturing sensors were involved in the program. Some 42
precompetitive collaborative R&D projects were funded. Technology transfer and advisory
services were provided by a variety of consultants and by the VDI/VDE IT Center in Berlin.

This program was a particularly appropriate and innovative measure because it not only addressed
a technological bottleneck to IT adoption and IT-based product innovation by machine
manufacturers but did so in a way which would advantage domestic producers. Early recognition
of the importance of sensors for competitiveness in the machine-building industries themselves
meant that the program reinforced the strength and competitiveness of a core sector in the
German economy.

Projects were funded to develop prototype sensors. Companies were expected to commercialize
these without subsidy. An option existed to receive subsidy for a feasibility study as well as the
main project. Generally, those companies taking up this option were more likely to have
successful projects.

87 Ulrich Brasche and Oliver Pfirrmann, various evaluation reports, Berlin: VDI/VDE Technologiezentrum

Informationstechnik.
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Overall, the success-rate of the program was very high, with 63% of prototypes subsequently
being commercialized. The evaluation of the program8i found that key success factors for
projects included broad capabilities in innovation management, the presence of a technology
strategy in the firm and an urban location. We would hypothesize that the importance of the
urban location is proximity to both research institutes and to customers. A success-factor for the
program itself was the simplicity of the paperwork involved in applying for subsidy.

The program has been succeeded by the Micro Systems Technology program, illustrating the
BMFT's tendency to cluster a sequence of programs around a technology, providing both
thematic development and continuity.

MoT Telematics (Netherlands)
Ministry of Transport and Public Works Telematics Program

R&D Project Support o
Technology Demonstration and Awareness o

The budget for the program was set at 15m DFI per year. Feasibility studies may be subsidized by
50% up to a limit of DFI 250,000. Implementation projects are eligible for subsidy of 40%, within
a limit of DFI 500,000. Demonstration projects receive 80% subsidy, up to DFI 150,000.

The Ministry recognizes the need to use telematics to maximize the capacity utilization of
transport infrastructure, containing the need for growth in physical investment and corresponding
environmental impacts. It also sees the writing on the European wall, and needs to help the
Netherlands defend its prime position in the European trucking business by being among the
leaders in applying new technology.

However, responsibility for telematics is diffused across the major operating departments of the
Ministry. Six short-term actions are in place in road transport informatics (RTI) projects - chiefly
oriented to the use of radio and satellite text communications in the trucking sector. A route
planning project has made national public transport timetables available on a floppy disk, as a first
step towards better information availability and the more rational use of travel alternatives by the
public.

There is a central coordination function within the Ministry, but this lacks a budget and therefore
power. A strategy was under development when we visited the Ministry. The absence of strategy
meant the Ministry was forced to work with short-term projects whose role and importance in the
overall picture was uncertain, and with the two major European projects:

88 Ulrich Brasche et al, Produktinnovation in der Sensorik: Technologie, Management, Staatliche
Forderung, Berlin: VDINVDE Technologiezentrum InforTnationstechnik, 1991.
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o Prometheus, an Eureka project led by the car industry which deals with intelligent vehicle
concepts, including RTI.

o DRIVE, the European Commission's infrastructure-oriented RTI program.

The European projects are very long-term, consensus-driven and lack explicit strategies. As a
result, their outcomes will be affected by the strategies of participants - for example, by the
Swedish committee (S-PROMETHEUS) which organizes national participation in Prometheus,
DRIVE and the national road transport research and infrastructure-building effort; the BMFT's
corresponding committee in Germany; and the major car companies, notably Daimler-Benz which
initiated Prometheus.

Without a strategy at the national level, national objectives cannot be formulated or promoted. At
this stage little positive seems to have emerged from the Ministry's telematics efforts beyond the
accumulation of some user experience in certain areas of RTI.

o The Ministry appears to have been unable to respond quickly and in a coordinated fashion
to a (relatively) new technology which cuts across all major departments. The difficulty is
in a sense surprising because the Ministry has oversight responsibility for the PTT, and
therefore has considerable internal expertise available in Information Technology.

o Ministry actions are not coordinated with those of other ministries, notably Economic
Affairs, which play a major role in IT diffusion. Indeed, Economic Affairs has its own
telematics program.

MT in SMEs (USA)
Manufacturing Technology in SMEs: Federal and State Initiatives

R&D Project Support o
Institute/University Linkage o
Technical Information o
Manufacturing Consultancy oo
Technology Centers o

Federal Initiatives

The 1988 Omnibus Trade and Competitiveness Act of 1988 saw an expanded mandate to
promote the diffusion of new manufacturing technologies. The National Bureau of Standards was
renamed the National Institute of Standards and Technology (NIST) and placed within the office
of Technology Administration of the Department of Commerce. There it was asked to encourage
the competitiveness of US firms in such areas as manufacturing modernization, enhanced process
technology and R&D commercialization. One of its first actions was to establish regional
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Manufacturing Technology Centers (MTCs), in part to act as a delivery arm for its own
Automated Manufacturing Program (AMP), and in part to link with state government technology
extension schemes via the administration of a new State Technology Extension Program (STEP).

Three centers were put in place initially, there were seven by 1993, and there are plans for up to
twelve. They receive 50% support for three years and a declining percentage for a further three
years, after which time they are expected to become self-sufficient. On average, each MTC
receives $3 million annually.

The MTCs have been found to work best as technical information sources and providers of
readily available, off-the-shelf and commercially supported products.89 MTCs did not prove an
effective delivery arm for the AMP, nor for technologies being developed by the universities in
which the MTCs were sited: "the technology delivered by NIST is usually complex and
sophisticated and is not necessarily ready for industrial application, particularly by SMEs."90
Furthermore, there is little federal support for field service staff to actively go out and work with
smaller firms."91 Feller summarizes the situation by noting that: "rnissing in the emerging federal-
state system is a middle-range of R&D activities related to adaptive engineering, and systems
engineering linking the technology development arms of the NIST, the MTCs, and much of the
state technology development centers with the technical assistance arms of the MTCs or state
industrial extension programs. Also missing are effective feedback mechanisms between
technology extension field staff and MTC (or NIST) researchers, at least in regard to the
production needs of SMEs.92

There is also the question of outreach. Funding for the MTCs is short term and will support just
12 centers, which means that most parts of the country will not be served. Furthermore, it has
been estimated that only 10% of SMEs are directly responsive to technology adoption stimuli,
while only another 20% would be if complementary assistance (capital, labor force training etc.)
were available.93

State Initiatives

State technology support initiatives have focused largely on research and technology development
or competitive research grant programs, usually located in universities. Some 70% of a total of
$550 million spent by states on technology support programs in 1988 went on R&D related
activities of this type. Only $46 million (8%) went towards technology transfer initiatives.94

89 Manufacturing Technology Centers, Third Year Review Panel (1992).
90 Shapira, P. (1992), "Lessons from Japan: Helping Small Manufacturers," Issues in Science and
Technology: 66-72.
91 Shapira, P. (1992), ibid.
92 Feller (1992),op. cit.
93 Manufacturing Technology Centers, Third Year Review Panel (1992), ibid.
94 Feller (1992),op. cit.
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However, by 1991 it was possible to identify 42 programs in 28 states, costing $83 million, all of
which were specifically directed at providing technical assistance to SMEs. State governments
provided 45% of the funds, federal government 25%, and the remainder came from universities,
industrial contributions and user fees.

Most state programs have focused on basic and generic research at universities, albeit with some
industrial involvement, generally with large firms. Few have had a focus on small firms, and only
a handful of the larger initiatives have had a broader span, encompassing strategies for research
infrastructure/human capital; generic/pre-competitive research; spin-off/product development; and
technical assistance/manufacturing modernization.

Some general observations can be made:

o initiatives focusing on basic/generic R&D have not been able to serve the needs of local
SMIEs

o some of these needs have been met in the larger, decentralized, multi-focus programs
offering 'adaptive' technology solutions

o there has been a recent shift away from a basic/generic focus and towards a technological
modernization emphasis, including technology transfer and general purpose technical
assistance to SMvEs

o on-site visits to firms are the most critical and highly valued aspect of the assistance
provided by extension programs

o state programs typically serve only 150-200 clients per year, making a total population
served of some 17,500 out of approximately 355.000 US SMEs

o effective ways of leveraging contacts with firms to reach a broader audience have yet to be
found, even though the need is appreciated

o the federal government appears to be opting for a growth path which will subsidize state
activities, rather than initiate any new national actions

o after an historical reliance on universities in technology extension programs, there seems to
be a growing role for a more diverse set of organizations
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MTP (Germany)
Manufacturing Technology Programs

R&D Project Support oo
Technical Information oo
Technology Centers o
Technology Demonstration and Awareness o

The German Manufacturing Technology (Fertigungstechnik) Programs grew out of BMFT
support to the domestic computer and telecommunications industries in the 1970s. This series of
programs is currently in its fourth generation:

o Program Fertigungstechnik, 1980-83, funded in-company development projects dealing
with planning, design, mechanical handling systems, quality assurance, CNC and FMS.

o The second Program Fertigungstechnik, 1984-7, generally known as the CAD/CAM
program, provided 'indirect-specific' subsidies to projects primarily for the planning and
development of CAD/CAM systems, but also for projects developing industrial robots,
handling systems and flexible peripherals for such equipment. It also introduced the use of
collaborative projects.

O The third program CIM-Fertigungstechnik, 1988-92, used similar funding and project
mechanisms to support companies developing strategies and plans for computer-integrated
manufacturing. Hardware subsidies were specifically excluded from the program.

o The fourth program, the Quality Assurance Program, continues the trend in the
development of the programs towards 'soft' aspects of manufacturing technology and
methods.

We focus here on the CIM-Fertigungstechnik program. Like the other Manufacturing
Technology Programs, it focused on small-medium sized companies. While in other OECD
countries SME's are typically thought of as employing up to 500 people, German SME-oriented
actions tend to take in the Mittelstand firms which may employ up to 1500 or so. The use of the
indirect-specific subsidy mechanism results, in effect, from a political requirement that the state
should not differentially support one company over another in a way that involves 'picking
winners'. Indirect-specific subsidies are therefore provided to all applicants who satisfy the
program's criteria on a first-come-first-served basis until the budget is used up. One of the costs
of this refusal to discriminate is a 'free rider' effect, where program management believes up to
10% or so of participants receive subsidy for projects they would have executed even in the
absence of subsidy.

The CIM-Fertigungstechnik program budget was about DM400m over its 4-year life. DM300m
was spent on indirect-specific subsidy of company projects. In general, these accelerated or
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deepened the extent of companies' use of CIM. DM80m was spent on a number of CIM
Technology Transfer Centers, which were located in the higher education sector and
demonstrated CIM capabilities. There were some indications that these had been of limited
effectiveness in stimulating technology transfer. A little over DM20m was spent on
standardization and on analyzing the impact of the program. Following reunification, an
additional DMl00m was made available to extend the program to the Lander of the former DDR.
The program is seen as successful, overall. The fact that is was one of a series of programs, all
administered via a program management group at the Karlsruhe Atomic Research Center, is said
to be one reason for the success. Continuity allowed both learning by program management over
time and recognition of the programs as a useful 'fact of life' by companies dealing with the
problems of IT adoption in manufacturing processes.

In the first two programs, where hardware subsidies were important ingredients of company
support, the program management found a tendency to focus on the purchase of 'black box'
solutions or 'technical fixes'. The tendency was to automate islands within existing organizational
structures and old or inefficient processes. The 'softer' foci of the newer programs attempt to
address the more challenging and complex aspects of IT adoption ('transformation', in the
terminology of this report). However, indirect-specific subsidy is a weak mechanism for dealing
with such a fundamental challenge to companies - it is more relevant to the 'substitution'
investments which characterize the early stages of IT adoption.

NSD (Ireland)
National Software Directorate

Coordination oo

The Directorate was established in January 1991. The Irish software industry employed some
6000 people in 1991,95 about half of them in the foreign-owned MNCs which accounted for £1.6
billion of the industry's £1.7 billion revenues. The major US PC-software multinationals (Lotus,
Microsoft, Claris, Borland and so forth) use Ireland as a software duplication center for Europe.
Increasingly they, and systems manufacturers such as IBM and Ericsson, also do some software
development work in Ireland. As would be expected, the indigenous sector is dominated by small
firms, though there have been some signal successes, such as Kindle in banking software.

In 1988, the Information and Computing Services Association obtained a subsidy from the
Department of Industry and Commerce to buy a study of the sector's development needs. This
found that (in common with software companies fairly generally in Europe) the indigenous sector
was weak in the areas of management and general business skills, marketing capabilities and the
availability of venture capital.

95 Source: ICSA.
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Proposals were put to the Minister covering action on management by the IDA, increased
educational capacity at third level, a venture capital fund and more marketing support through
existing schemes.

IDA actions have been focused by creating a National Software Director to give management
support and advice and to assist in identifying new market opportunities for the indigenous sector.
Efforts are targeted towards product companies. Labor-cost competition with the developing
world for the routine tasks within software development is untenable. It is difficult to sell custom
software outside a home market. However, while many mainstream software products businesses
are so dominated by (US) multinationals as to prevent entry, product niches are thought to exist
where Irish companies could grow.

A Program in Advanced Technology for Software (see elsewhere in this report) has been
established which is intended in part to increase third-level educational opportunities as well as to
improve industrial practice and innovation in software. The venture capital concept has been
overtaken by a proposal for a broader £I 100 million national fund.

In addition to individual counselling and support, the NSD has established a linkage program to
bring Irish software houses into contact with potential foreign venture partners, set up
management courses for executives in the indigenous sector and promoted demonstration
projects, such as a multimedia demonstrator to be established in conjunction with Telecom Eirann
once the planned Metropolitan Area Network is built in Dublin.

o The National Software Director is in a position to build on some degree of success. His
task is to increase the capabilities and strength of the indigenous software industry, not to
create one.

O Similarly, he has a repertoire of existing policy measures to call on, rather than needing to
set up wholly-new instruments.

PAT: Software Engineering (Ireland)
Software Program in Advanced Technology - Software Engineering Centers

Institute/University Linkage o
Technical Information o
Technology Demonstration and Awareness o
Education and Training 00

Coordination o

The 1992 budget for the Software Engineering Center was £1400,000, of which 80% comprised
subsidy. The Software PAT was scheduled to operate from 1991 - 1993, after which no further
subvention was planned.
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In common with many OECD countries, Ireland perceives its software industry as suffering
problems of software productiveness, quality and reliability owing to the 'craft' rather than
'engineering' basis of much work in the industry.

The Software PAT is one of several Programs in Advanced Technology. They are majority-
funded using EC Structural Funds. This PAT comprises three Centers focusing respectively on
Executive Information Systems, multimedia and Software Engineering. They undertake a mixture
of research, technology transfer and demonstration/awareness in their respective areas.

The Software Engineering Center's (SEC) activities are oriented towards educating the industry .
Its mission is to raise the standards of quality and productivity within Ireland's software
development community (software companies and significant in-house developers of software).
Although Software Engineering is no longer a technical novelty, it remains immature and has
diffused very little into industry. The SEC's activities therefore focus on seminars and awareness,
maintaining a network of some 60 industrial associates, and establishing 'clusters' of firms with
similar interests in an aspect of Software Engineering, who then meet regularly to exchange
experiences and report progress. A small amount of research is conducted at the Center, and the
IDA is willing to fund more, but the focus remains on creating sufficient understanding and
experience among Software Engineering users to create a demand for support and research.

The objective of the PATs is: "to develop new technology in selected niche areas and transfer it
to industry."96 By correctly targeting niches, the cost-competitiveness of traditional industries
would be improved and new technology-based firms could be fostered. It was intended that the
PATs (i) would be mission-oriented to obviate the possibility of stagnation and self-perpetuation,
(ii) would have well-defined technical goals, (iii) would spin off companies and people over the
course of their life span, and (iv) those PATs not succeeding in their objectives would be
terminated.

While the other PATs (in areas such as Advanced Manufacturing, Materials and Biotechnology)
are run by EOLAS, the Irish Science and Technology Agency, the Software PAT is run by the
National Software Director in the IDA. This arrangement prevents separate software strategies
being pursued by the IDA and EOLAS.

In the early days of the Center, it is difficult to judge its successfulness. A positive indicator is its
ability to attract a many as 60 of the 350 or so significant software-producing firms in Ireland into
its Associateship scheme, The membership fee of approximately £I1000 (depending on the size of
firm involved) is sufficiently low to encourage participation, and generally to be approved at the
level of software personnel without a need to consult top management.

9% Programs for Industrial Development 1989-1993: Policy Statement, Dublin: Department of Industry and
Commerce, Rev 4, 19 October 1992.
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o Operating the PATs in the legal form of companies tends to make their economics more
transparent than is generally the case for state agencies. They additionally benefit from
non-civil-service terms and conditions of employment and greater managerial freedom.

o The original objective was for the Software PAT Centers to become individually self-
funding after three years. This does not appear realistic. Perhaps five years is more
appropriate.

o The self-funding objective is only realistic if the market failures addressed by the Centers
are so reduced over time that there is demand for their services at commercial price-levels.

O The SEC is managed by a contractor, based on agreement with the IDA to undertake
awareness and dissemination activities. In this way, it has been possible for the Center to
sidestep an inappropriate break-even goal. The need for this device reflects a widespread
uncertainty in technology diffusion initiatives about the extent to which programs should
be self-financing.

o The SEC has taken care not to try to move ahead of potential users' knowledge and
capabilities in planning its activities

RWC (Japan)
Real World Computing Program

R&D Project Support oo
Technology Demonstration and Awareness o

The 5G Program focused on non-von Neumann computer architectures and the production of
parallel processing/inference machines. The New Information Processing Technology (NIPT)
project at the turn of the 1990s concentrated on neuro-computers. Basic research was undertaken
in NIPT and a new program, the RWC Program, was established after feasibility studies were
conducted throughout 1991 and 1992. The project focuses on innovative information processing
technology which seeks an optimum solution for the handling of incomplete information in a
complex, real world.

The program administration plays a central role in planning and executing national research
activities. It also plans to act as an intermediary in building a system to promote joint research or
research cooperation with overseas institutions. There is also the intention to establish linkages
between Japanese and overseas research organizations via an IT network infrastructure.

In structure it is a combination of a centralized R&D Program (like the 5G project, work is
conducted at a central R&D facility) and a decentralized R&D model (like the earlier VLSI
Program, work is conducted at sites belonging to the member organizations). The added



196

ingredient is Internet. The Japanese consider it more efficient to conduct software research via a
network, and expected usage is 200 users at any one time and 100 person-years per year.

In terms of IT diffusion, the most interesting feature of this IT R&D program is its network
structure and related infrastructural developments. Although the research teams using the
network will be working in vanguard IT research areas, they will also act as leading edge users of
current IT systems, extending our understanding of how groups undertake computer supported
cooperative work (CSCW).

SBI (Netherlands)
Subsidy Scheme for Industrial Counselling on Automation

R&D Project Support o
Manufacturing Consultancy o
Technology Demonstration and Awareness oo

The budget for this program is currently 5 million DFI per year. It is primarily aimed at SMEs. It
offers a subsidy of up to 50% to trade associations for information, demonstration and
standardization projects in IT. A trade association may receive up to 350,000 DFI per year in
subsidy. Projects are executed by consultants. The SBI ran originally from 1984-87 as part of
INSP. For 1988-92 is was financed directly by Ministry of Economic Affairs. It addresses
SMEs' tendency to lag best practice in the application of IT.

In the first four years, the program focused on projects demonstrating the use and benefits of IT
and informing SMEs within the branches. From 1988, the focus has shifted towards
'infrastructural'/'pre-competitive' projects establishing networks or setting standards. Examples
include: electronic networking for sales cooperatives; article labelling standards and
communications for vegetable wholesaling; logistical information system for the distribution of
beauty products; EDI-based funds transfer system. Often, the program has funded the start-up or
feasibility activity, with the trade association making the running thereafter.

The objectives of the Program were to encourage SMEs to adopt IT earlier and better than would
otherwise have been the case, raising the quantity and quality of demand for IT and reducing the
tendency for SMEs to be late adopters of IT.

By 1992, over 110 trade associations had been funded to undertake more than 200 projects. The
program was positively evaluated by Zegveld, as part of his INSP evaluation. The projects we
have seen are often at best-practice levels, although we have not been in a position to conduct a
systematic survey.

A number of lessons emerge.
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o Existing institutional structures were used, promoting effectiveness.

o Use of consultants at feasibility stage created an incentive for this stage to be 'over-
delivered', as the consultants tried to sell on. This meant the consultants' commercial
objectives were lined up with the policy objective of diffusing IT.

o Netherlands trade associations are very effective by international standards, organizing 60-
70% of firms nationwide into hundreds of associations. This contrasts with the more
common geographical (chambers of commerce) organization of SMEs in other countries.

SBIR (USA)
Small Business Innovation Research

R&D Project Support o

As early as 1976 the US National Science Foundation (NSF) was required to enable SMIEs to
access government money earmarked for research (up to 1% of its budget). Prior to this NSF had
concentrated on funding basic research in the academic sector, and SMEs had not fared as well as
large firms in accessing money from the likes of the Department of Defence (DOD). There was a
perceived need at the time for an 'innovation farm' for large companies, and for some means of
stimulating academics to conduct industrially-relevant research. NSF set up the SBIR program in
1977.

An expanded SBIR, involving other government agencies, was established in 1982 to support
civilian technology development, in particular the commercialization of new products and
processes by SMEs. Although it attempts to bridge the gap between capability development and
technology exploitation and utilization, it remains a technology push instrument.

The original budget of $1 million was enough to fund 40 small projects. Some 320 out of a
population of 40,000 US high-tech SMEs97 submitted R&D proposals. Nowadays SBIR makes
around 3,000 awards per annum and attracts over 25,000 applications annually. It has spent over
$3 billion since its inception and the current annual budget is $0.5 billion. There is the possibility
that this may increase to 2-3% of the R&D budgets of the federal agencies. All the major federal
agencies now participate in SBIR, with over 20,000 proposals coming each year from defence
firns.

Over 40% of SBIR awards go to firms in California and Massachusetts, with the top third states
getting 80% of the awards. Nearly 40% of awards go to firns owned by minority groups or

97 Tibbetts, R. (1992), 'The Role of Small firms in Developing and Commercializing Novel Advances in
Scientific Instrumentation and Equipment: Lessons from the US and NSF Small Business Innovation Research
Program', International Workshop on Equipping Science for the 21st Century, Amsterdam, April 1992.
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women, a result of the SBIR's 'straight merit' stance rather than the result of 'positive
discrimination'.

SBIR stimulates the 'high-tech' SME sector in general, with grants concentrated in
biotechnology, energy and defence fields, though a fair number of firms operate in IT-related
fields.

As well as SMEs, proposals can also be made by academics intending to set-up spin-off
companies.

Although it is always difficult to pin down the issue of causality, in 1992 the GAO estimated that
the program had generated some $1.1 billion in sales and additional funding for development, with
companies suggesting that this could rise to $3 billion by the end of 1993.98 One notable success
is the software company Symantec, which was founded with SBIR support. Many participants in
the program also note that SBIR adds credibility to their actions, thus enhancing the image of the
firm.

Essential parts of the overall design of SBIR are a simple, standardized application procedure; an
insistence on high quality (ensured via a peer review process which emphasizes techi_cal
credibility and commercialization prospects); a qualifying round in which projects are evaluated to
see whether or not they are 'shaping up' well; and second phase funding conditional on a written
agreement from a third-party organization (e.g. a large firm or a venture capital organization)
stating that funds will be made available for a third 'commercialization' phase if the second phase
of the project is deemed successful. This commercialization commitment from a third party is a
key 'exit strategy' which ensures that the responsibility for 'technology push' is transferred wholly
to the private sector, where it is mediated by a commercial appreciation of market potential. This
ensures that a 'demand filter' is superimposed on an incremental technology push mechanism.

SIGMA (Japan)
Software Industrialized Generator and Maintenance Aids

R&D Project Support oc
Technology Demonstration and Awareness oo

SIGMA was a cooperative effort to construct the infrastructure and related software system for a
better software development environment which firms could use to resolve software production
difficulties. It was an attempt to develop national standards and to encourage their widespread
use in Japanese industry. It set out to:

o Develop the computerized software development system.

98 GAO (1992), Federal Research: Small Business Innovation research Shows Success but Can Be
Strengthened, Washington, DC.
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o Promote computer network usage for technology transfer as well as providing mechanisms
for resource sharing.

o Promote and expand the software tool market.

O establish the platform for the software development environment.

The common platform provided by the SIGMA project was to comprise a hardware system, an
operating system, software tools and a nationwide communications network. SIGMA promised
not to generate radically new tools or techniques, but to refine, standardize and disseminate
existing useful technology based on UNIX99 and closely resembling the tools used at Toshiba and
other firms.100 In other words, SIGMA jumped upon the UNIX bandwagon. Although
proprietary operating systems dominated UNIX in home markets in 1985, it was estimated that
UNIX would comprise 25% of the world market for operating systems by 1990.

Initially SIGMA was a five year project which commenced in 1985 with a budget of $200m. In
the first two year stage a prototype system was developed to evaluate prospective users'
reactions. The intention during the next stage was to focus on enhancing and improving the
prototype system. Nearly 200 firms participated in one way or another, with 40 companies
testing the Sigma system engineering-application tools, and 50 testing the business-application
tools. In 1990 SIGMA Systems was set up as part of a five year extension plan. This was a
private sector organization set up at the instigation of government to improve and promote the
SIGMA system and administer the SIGMA Members and Users Associations. It also promotes
Open Systems via research into the requirements of the Japanese information market. SIGMA
Systems is jointly owned by the 30 or so SIGMA members, and by 1992 120 firms were
registered as members of the Users Association, though there were only 20 or so active users.

The diffusion side of SIGMA has not been an overwhelming success. The size of the User
Association is a disappointment, and shrinkage, or even failure to grow, would constitute an
indictment. The whole venture demonstrates the risks involved when governments attempt to
promote diffusion via the establishment of national technical standards in highly volatile
technological environments. In parallel with the SIGMA project, and even though UNIX usage
continued to grow in line with expectations, there has been widespread global debate regarding
which version of UNIX should become the international standard, with many important IT players
envious of the position AT&T might come to occupy as the progenitors of UNIX. These global
'standards wars' have not facilitated the widespread uptake of SIGMA in Japan, with SIGMA
members continuing to support both rival versions of UNIX and other operating systems,
including private sector developments in Japan such as the TRON operating system (a technically

99 It combined features of two versions of UNIX and added capabilities for Japanese-language processing,
graphics, multiple windows, and databases.
100 Michael A. Cusumano (1991), Japan 's Sofjware Factories: A Challenge to US Management, Oxford:
Oxford University Press.
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superior system with its own diffusion problems - in this instance related to the costs of
abandoning existing software and reinvesting in a radically different and incompatible
technological trajectory). Firms have also developed their own versions of the SIGMA operating
system, on the grounds that the standard or official version could be improved and tailored to suit
their own needs. This has obvious implications for the continued maintenance of tool
compatibility and the diffusion prospects of SIGMA.

There are many firms in Japan, including members of SIGMA, who have concluded that the
diffusion prospects for SIGMA are bleak. These firms continue publicly to subscribe to SIGMA,
but not out of optimism. They talk in terms of continuing to pay 'friendship' money. They are
worried about blacklisting if they withdraw support from a government-initiated venture. They
also note that government is reluctant to acknowledge the limitations of its own programs
because of a consequent lack of 'face'. This situation is disturbing in its own right, but it has
broader implications for the conduct of government diffusion initiatives more generally. It is one
thing for government programs to fail to live up to their promise, but the damage is compounded
when there are social, political and cultural barriers preventing recognition of failure, and no
mechanisms for turning off the tap when shortcomings are acknowledged. There is an urgent
need for independent evaluation mechanisms which can demonstrate success or failure and release
participants from the fear of blacklisting if they express their disapproval publicly. Governments
also have to accept that failure in high risk areas is unpalatable but not unacceptable. Not turning
taps off is expensive, wasteful and cause for even greater loss of 'face'.

Soft Center Ronneby (Sweden)

Education and Training o
Science Park oo

The Soft Center was one of several projects devised by the local government in Ronneby when a
major employer closed its factory there. The intention was to create employment in the software
and EDP sector, which was seen as future-oriented and sustainable. The capital cost of the first
phase of the Center was 10 MSEK, of which the state provided 6 MSEK.1 01

The concept was partly modelled on the Japanese Technopolis project, in particular on the Soft
Park in Oita. It comprised a futuristic and fairly high-cost office development in a pleasant park,
close to a major conference hotel (Ronneby Brunn, which can accommodate 600 people). The
intention was not to deal with start-up firms - which were in any case catered for in a 'nursery'
facility elsewhere in the town - but with enterprises which had passed the test of surviving their
first few years and were capable of expansion.

Published sources for this section are Eric Giertz and Goran Reitberger, Uppfolgning och Utvdrdering av
Teknikcentra, Stockholm: IndustriEkonomi Eric Giertz, 1989, and Gut Olsson andAnette Svingstedt, Resurssentra
och Kunskapsspridning, Lund: Foretagsekononiiska Institutionen, 1989.
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By locating software firms and activities together, it was expected that synergies would arise
between firms, promoting growth and incidentally enabling firms to pay the high rents entailed by
the style of the development. Shared services and a Center manager whose role included
identifying and fostering trade and synergies between tenants were important in quickly creating a
community.

The objectives of the Soft Center were to promote sustainable employment in Ronneby. The first
phase of the project was expected to break even after 6-7 years.

The Center has expanded into three building phases, with a fourth projected. Based around a
start-up client (the EDP department of a company from Ronneby) several small firms were
attracted into the Center, as was computing teaching from the new regional technical college. As
a result, a critical mass of activity appears to have been established.

Many ventures of this type have mixed success. The Center appears to have got a number of
things right:

9 It learnt from others' practice - looking to Technopolis as a model, and also benefiting
from advice from a former director of Xerox Parc.

o It built itself around a stable launch client: the EDP department mentioned.

o This client was large enough to attract Swedish Telecom, which needed a presence to
serve the client's communications needs. As a result, the Center had superior
telecommunications available, which is a key factor in many IT businesses.

o Locating close to the Ronneby Brunn conference center meant tenants had additional
services (ranging from a canteen to sales-conference facilities) on tap without needing to
incur fixed costs.

o Attracting computer education into the Center led students to rub shoulders with
companies who could be their future employers - enhancing the chances of local people
obtaining employment and making the personnel search process easy for the firms. This
was particularly important because computer skills were scarce and expensive. Most
Swedish IT employment is also in the Stockholm area, so it is also difficult to attract
people to less developed regions such as Kalmar, where Ronneby is located.

o One of the most crucial ingredients in the success of the Center was rigorous selectivity in
picking tenants. These were proactively sought - sometimes from as far away as
Stockholm, half-way across Sweden. Only tenants firmly in software businesses and who
would contribute to synergy within the Center were accepted.
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SPRINT and Specific Projects (European Commission)
Strategic Program for Innovation and Technology Transfer

R&D Project Support o
Institute/University Linkage o
Technology Bootstrap o
Manufacturing Consultancy o
Technology Demonstration and Awareness oo
Education and Training o

The SPRINT program was originally launched in 1983 as a pilot program addressing the issues of
innovation, technology transfer and diffusion. It ran from 1983 to 1988, initially on a budget of 6
MECU, later expanded to 18 MECU. Its current phase started in 1989 with a budget of 90
MECU for a five-year program.

SPRINT has three main objectives:

o to strengthen the innovative capacity of European Enterprises
o to promote rapid diffusion of new technology throughout the Community
o to enhance the effectiveness of existing innovation and technology transfer support

measures, whether regional, national or Community

SPRINT supports a number of inter-linked actions. One group of measures encourages the
formation and operation of Networks of experts and organizations across national boundaries.
Another scheme, the Technology Performance Financing scheme, is designed to explore new
ways of financing innovation. There are also many small measures to improve the Practice and
Understanding of innovation and technology transfer. SPRINT also set out to support Specific
Projects for intra-Community innovation transfers. These aim by their scale, their tangible
contents and their innovative nature to encourage innovation and the dissemination of new
technologies throughout the Community.

The formal objectives of the SPRINT Specific Projects are as follows:

o to facilitate the effective adoption of new technologies by companies in the sectors and
regions where these technologies are not yet used;

o to encourage transnational cooperation between bodies and companies with
complementary skills;

o to illustrate the approach as well as the conditions and elements necessary for the adoption
of innovations by firms (this includes technical factors, aspects of organization, training,
staff motivation, technical and economic assessments, etc.);
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o to demonstrate the effectiveness of partnerships between complementary bodies such as
companies, industrial research associations, contract research organizations, specialist
consultants, financial establishments, professional associations, suppliers and users, etc.;

o to demonstrate the benefits which derive from the application of special management
techniques such as value-analysis, total quality approaches, etc., as well as, for example,
the use of good design.

TechStart (Ireland)
TechStart and Technology Management Programs

Technology Bootstrap oo

These schemes are intended to create or raise technological capabilities in companies, respectively
by introducing qualified engineering personnel and technology managers.

The TechStart program subsidizes firms taking on a science or engineering graduate aged up to
26. This should be the first, or one of the first, engineers or scientists recruited. For the first year
of employment, £5 000 is provided to subsidize salary (which would typically be about £lI 000
for a starting graduate). A technical support budget of £2 000 is provided for the graduate to buy
advice and help, largely from colleges and state agencies.

The Technology Management Program provides sliding-scale support for newly-employed
technical managers aged over 30: £10 000 is salary subsidy in the first year; £5 000 in the second;
and £2 500 in the third year.

The schemes together cost about £1.8m in 1992, placing some 250 technologists in industry that
year. EOLAS, the Irish National Science and Technology Agency which operates these
programs, is deliberately selective in the choice of companies to participate. One reason for this is
the need to ensure that companies to not use the schemes to displace existing technological
personnel. The companies and technologists are monitored by the programs and provided with
access to a range of supports such as development seminars.

The precursor schemes - the Young Scientists and Technologists Program (1982-4) and the
Scientists and Technologists Employment Program (1986-8) - included as a condition that only
unemployed scientists and engineers could be taken on. (The equivalent new Swedish scheme
has such a stipulation.) However, the current programs place greater priority on industrial
development through creating technological capability than on directly reducing the number of
unemployed.

Benefits of the current programs seen by participants include:
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o Developing new or improved products.
o Developing new or improved processes.
O Developing new systems.
O Developing new markets.

as a result of improved technological capabilities. More than three-quarters of the technologists
are retained by the participating companies, so the improvements in capability are long-lasting and
there is a strong (incidental) positive employment effect. The economic payoff to the state via
reduced unemployment benefits and increased tax revenues is easy to demonstrate, making the
schemes highly attractive, even without attempting the more difficult job of calculating the impact
on industrial development. This ought in principle to be larger.

Telematics Guide Program (Netherlands)

R&D Project Support oo
Technology Demonstration and Awareness o

The program comprises three elements and had a DFl 11 million in 1992. It runs from 1991-94,
and comprises

o Telematics projects.
o Research, at the Telematics Research Center (TRC).
O Telematics 'platforms'.

Projects must have at least three partners and may be subsidized by 50% of personnel costs (or
25% of total costs), up to a limit of DFI 750,000. Projects may not exceed one year. The TRC
work program rises to a peak of 1. 5m DFI in the year 1993/4.

The Ministry of Economic Affairs believes it has an important role in breaking the 'chicken and
egg' problem in the creation of new telematics services, because this is inherently difficult for a
single private investor to do. However, experience in the past with telematics infrastructure
projects - for example, in videotex - has been negative. The state has found itself investing in
expensive and inappropriate infrastructure.

The approach adopted by the TGP is therefore more experimental than past infrastructure
initiatives.

The projects in the Program seek to address areas of market failure by reducing the cost and risk
for a consortium to undertake a telematics pilot project. However, the private sector's business
interest in the areas of telematics application is assured through its willingness to part-fund
projects - initially in smartcard applications, multimedia applications, data systems security and
Product Data Interchange (PDI). The technologies are planned to change annually, so that the
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Ministry continues to address the market failure in telematics infrastructure by subsidizing
experimentation in risky, 'about-to-mature' technologies.

The TRC research is intended to span both national and EC interests, and focuses on telematics
applications in the period 1995-2000. In addition to informing private sector investment
decisions, the intention is that the projects will also inform the research, which will underpin
policy decisions on the larger telematics infrastructure.

The 'platforms' largely comprise awareness exercises: publicity; seminars and so on.

The objective of the TGP is to stimulate the creation of a high-quality telematics infrastructure in
the Netherlands. in this context, a broad definition of 'infrastructure' is used, to include the sum
of the services available through telematics rather than being restricted to the network
infrastructure itself. 15-20 projects are to be undertaken during the life of the program. Owing to
the experimental nature of the technologies involved, output objectives are not specified at this
stage.

The TGP funded its first projects in 1991, so few outputs are yet available. Important success-
factors appear to be:

o The TGP's experimental approach combined with a requirement for private-sector funding
in identifying promising areas for new telematics infrastructure appears likely to overcome
the problem experienced in past European telecommunications investments, where the
state's decision to invest effectively 'drowns' available market signals.

o Availability of a potential telematics supply industry with resources to invest in
experimentation to identify new services.

Transfer from Federal Labs (USA)
Transferring Technology out of Federal Laboratories

Institute/University Linkage 00
Technical Information o

Over $20 billion is spent annually in federal laboratories,102 and there were a number of attempts
to enhance technology transfer from these to the private sector during the 1980s. The Stevenson-
Wydler Act of 1988 mandated that at least 0.5% of an agency's budget should be allocated for
technology transfer. It also established information provision offices in each agency. The Patent
and Trademark Amendments (Bayh-Dole) Act of the same year let federal agencies grant licenses
to SMEs for inventions made at government-owned, government-operated laboratories (GOGOs)

102 NAS/NAE/IOM (1992), The Government Role in Civilian Technology: Building a New Alliance, National

Academy Press.
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and government-owned, contractor-operated laboratories (GOCOs). There were also a series of
measures which encouraged R&D cooperation with the private sector (a form of information and
technology transfer), including the National Research Cooperative Act of 1984 and the Federal
Technology Transfer Act of 1986. The latter allowed private organizations to provide personnel,
equipment and financing for R&D activity that complements a GOGO's mission, with shared
intellectual property rights. The same act also established the Federal Laboratory Consortium as
an inter-agency framework for technology dissemination. The National Competitiveness
Technology Transfer Act of 1989 allowed GOCOs to enter into similar collaborations with the
private sector.

These efforts to enhance technology transfer have met with limited success. Transfers, as
measured by patents and royalties, have been slight, and technology transfer efforts have been
"under-staffed, under-directed and only marginally focused."103 The main obstacle seems to be a
failure to devote enough resources to building up the complex links between R&D 'suppliers' and
'users' which characterize successful transfer activities. Legislation lowered barriers to the
accessibility of R&D, but little has been done to stimulate the demand for it or to involve potential
customers in its initiation. This is despite the fact that successful examples of transfer occurred
when efforts were made to attract the greater participation of industry, including greater
protection for patent rights and solicitation of management advice on project design.'0 4

Overall, however, there must be limited scope for extensive technology transfer from federal
laboratories given that their primary mission is to fulfil agency-specific R&D objectives. Despite
expectations in Congress that these centers could contribute to private sector commercialization
efforts, this role will remain secondary. This is especially so for GOGOs, though less so for
GOCOs. These are not so deeply embroiled in bureaucratic trappings as the former. There is
greater operational flexibility and more scope for forging links with the private sector.

VI/Nutek Framework
Association of Swedish Engineering Industries (VI)/Nutek: Framework Program

R&D Project Support 00
Institute/University Linkage o
Technical Information o
Technology Demonstration and Awareness o

The Program was originally established in 1964 to create an institutional mechanism for Swedish
engineering companies to undertake collective research. It originally provided core funding to the
Swedish Institute of Production Engineering (IVF). The budget is currently some 30 MSEK, of
which the Association pays 60% and the state 40%, via Nutek.

103 US Congress, House of Representatives (1990), Technology Transfer Obstacles in Federal laboratories:
KeyAgencies respond to Subcommittee Surveys, Washington DC.
104 US Congress, Office of Technology Assessment (199?), Making Things Better, Washington DC.
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Projects are initiated by the Association's 14 technology committees, which fund them wholly
from the Framework Program budget. There are committees for electronics, software and design,
but most are concerned with non-electronic technologies. Each is responsible for an area of
technology and comprises a dozen or so industrial practitioners. The committees approve funding
for 'research' projects aimed at diffusing good technological practice within the industry. The
majority of projects are still conducted by IVF. Projects cover evaluation of new tools and
techniques or the resolution of common process, standards and measurement problems. Each
committee additionally manages a 'technology tracking' project, to ensure the industry is aware of
world developments in its own field.

Projects generally have 'reference groups' of representatives from interested companies, who
track progress and transfer results to their own companies. Results are disseminated to all
members indicating their interest via a mailing list and are additionally published by the
Association. From time to time, handbooks of good practice are produced in various technical
disciplines.
As with other Nutek-funded cooperative research, the objective of the Program is to "carry out
competitively neutral research of common interest to a branch or group of companies." The
Program fills the role occupied by Research Associations in some other countries. The Program
has played an important role in spreading good technological practice within the Swedish
engineering industry, primarily in process technologies. The Swedish Production Engineering
Institute, which was created initially to serve the Program, has grown to become the major actor
in Swedish engineering research, and a highly-regarded research institution worldwide.

A key ingredient in the success of the Program has been wide membership of the technology
committees. These serve as places where - both on and off the formal meeting agenda -
knowledge is exchanged about good practice and technical solutions. The small share of activity
devoted to IT is, however, surprising and may imply a need to review the changing balance of
needs between technologies.

One problem - which appears to be shared with other Nutek-related technology programs - is the
dominance of large firms in the program. While these firms are key sources of technology and
capabilities for the rest of the industry, their dominance of the decision-making structures and
their greater ability to absorb technology from outside means that they benefit disproportionately
from the Program compared with smaller enterprises.105

The longevity of the Program is probably also an important ingredient in its success. Unlike many
interventions intended to diffuse technology, it does not have to struggle with the learning curves
of users or administrators. Industry knows it exists and that it can reach to the Program for
certain types of information and help.

105 Fernandez and Selg, Informationsspridning Inom Det Verkstadstekniska OmrMdet, Stockholm: 1991.
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