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Systems of Organization and
Allocation of National Resources

for Scientific Research
Some International Comparisons and

Conclusions for New Market Economies

CHARLES WEISS, Jr.
SIDNEY PASSMAN

International Technology Management and Finance, Inc.

This study analyzes the science policies offive countries with free-market economies (the United
Kingdom, the Federal Republic of Germany, France, the Republic of Korea, and the United
States of America) that have successfully applied science and technology to increase their
industrial competitiveness in world markets. The article describes the historical and cultural

differences affecting how resources for pure and applied research have been organized and
allocated, and it details the different ways in which government intervention is used to increase
the contribution of research to technological competitiveness. It poses lessons for decision
makers wanting to modify their own country’s approach to science policy, especially those of
the new market economies of Eastern Europe. Detailed descriptions of each country studied are
given in appendixes.

The transition of the former Soviet bloc nations of Eastern Europe to full
participation in the world economy will inevitably reshape each country’s
scientific, technological, and educational institutions. The entire structure for
research will have to be reoriented toward the needs of a revitalized system
of higher education and of industries oriented toward world markets. Change

Authors’ Note: This article is based on a report prepared for the Population and Human
Resources Division, Technical Department, Europe, Middle East, and North Africa Region, the
World Bank. The views expressed are those of the authors and do not represent the policy of the
World Bank.
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will come not only in administrative structures or economics but also in the
political arguments used to justify research funding choices. Policymakers
will be forced to justify the substantial resources invested in science and
technology by their contribution to well-defined national goals, and espe-
cially by their contribution to economic growth.

All advanced or newly industrialized countries face similar pressures to
relate research to national needs and to make research and development
(R&D) policy choices in times of restricted economic resources. The drastic
shortening of the product cycle, combined with the globalization of the world
economy, compels such countries to be able to recognize and respond quickly
to the rush of technology-based change in markets. That responsiveness
requires a flexible framework for innovation, which in turn places new
requirements on educational systems (for high-quality, lifelong education),
on research institutions (for increased attention to practical application), and
on government (for pragmatic, flexible policies that encourage research and
that facilitate the activities of the private sector).

This article reviews science and technology policy-making in five coun-
tries-the United Kingdom, West Germany, France, the Republic of Korea,
and the United States-in order to draw lessons that might be useful to
Eastern European and other countries currently reorganizing their science
and technology structures as a part of their broader national transition to do-
mestic market economies and greater orientation toward world trade.

Many countries undergoing these dramatic political and economic

changes, especially those of Eastern Europe, also confront extreme economic
and financial stringency and can spare only limited resources for long-term
R&D investment. This restriction substantially complicates the process of
reorganizing R&D structures because it is easier to introduce change when
budgets are growing than to force major reallocations of existing budgets
with the attendant dislocation. And yet, the future of these nations, even for
the medium term, will be significantly influenced by their ability to manage
science and technology. Most already invest a substantial percentage of their
resources in R&D (Hungary was investing 2%-3% of gross domestic product
[GDP] in 1988, according to its official figures; Darvas, 1988, chap. 4; United
Nations Educational, Scientific, and Cultural Organization [UNESCO],
1988) and they are compelled, therefore, to review what they are getting for
their money.

This article focuses on the institutions governing the organization and
allocation of resources for basic research, applied research, and technical
services to industry for five countries that have relatively well-documented
science and technology policies and that adopt a variety of approaches to
science and technology policy-making. It draws lessons from this compari-

 at GEORGETOWN UNIV LIBRARY on February 28, 2014scx.sagepub.comDownloaded from 

http://scx.sagepub.com/
http://scx.sagepub.com/


104

son that are applicable to other countries making the &dquo;structural adjustment&dquo;
toward a market-oriented economy. Five appendixes to this article give brief
summaries of the structures and histories for each of the five countries. The
intention of these summaries is not to be comprehensive, but to highlight
those common aspects that might help to create awareness of differing
national situations and to enable a reader to understand the broader economic
and social context and the impact of a given policy or institution in a

particular country, as well as the suitability of those policies or institutions
to being transplanted and adapted to other environments.

Our analysis shows that a similar set of interrelated problems confront
science policymakers throughout the world: (a) how to assure an adequate
level of support to science and technology from both government and the
private sector; (b) how to mesh science and technology with national prior-
ities ; (c) how to assure an adequate supply of well-trained people; (d) how
to establish criteria for the allocation of resources among competing scien-
tific and technological activities; (e) how to link research with application
and commercialization; (f) how to maintain quality, intellectual freedom, and
professional communication among researchers; and (g) how to provide
objective scientific advice.

None of these problems lend themselves to pat solutions. Indeed, if the
experiences of countries such as the United States and the United Kingdom
are any guide, not only are the emerging European democracies likely to un-
dergo prolonged periods of trial and error before they evolve a set of scientific
and technological policies and institutions suited to their distinctive national
circumstances, but even seemingly mature institutions are likely to undergo
periodic changes in response to events, experience, and passing fashions.

Government’s Role in Promoting
Scientific and Technological Development

The promotion of scientific and technological development presents
government policymakers with a subtle challenge. Although technology
indisputably contributes to productivity and economic growth and although
government support is universally acknowledged to play a key role in sup-
porting technology, both scientific research and technological development
customarily take place outside government. A government’s role-through
support to universities, laboratories, research programs, and technical ser-
vices - is essential but external. Government traditionally nurtures the inde-
pendent activities of educational and research institutions, each with its own
jealously guarded professional traditions; it facilitates interactions and col-
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laborations among the various institutions (especially between universities
and industry); and it provides a policy environment in which these combined
efforts lead to increased productivity and hence to economic growth.

The amount of government involvement in this process is crucial. Too
little government support can deprive science and technology of the re-
sources and environment it needs to flourish. Too much government support,
or too dramatic or heavy-handed an intervention, can stifle the subtle and
complicated institutional interactions on which scientific and technological
development depends. Thus effective national policy-making for science and
technology lends itself more to incremental change than to sudden shifts, and
to careful consensus building and preparation for change, rather than to
authoritarian fiat.

Such policy derives also from broader national and institutional circum-
stances and traditions. American science and technology policy, for example,
is conditioned by the country’s long-standing commitment to a high degree
of labor mobility and to broad-based access to higher education, and by its
tradition of arm’s-length (and sometimes adversarial) relations between gov-
ernment and industry. The pluralistic structure of German science and
technology and the highly centralized direction and strong public sector dom-
ination of French science and technology are likewise deeply rooted in these
countries’ political history.

Other distinctive features of national science and technology policies
derive from efforts to adapt ancient institutions to new challenges. England,
for example, has been attempting to derive greater commercial advantage
from the country’s long tradition of pure basic research carried out in elite
universities, without at the same time damaging the outstanding quality that
has been the hallmark of British research.

Finally, a country’s science and technology policy evolves along with its
overall state of economic development. In the early stages of its scientific
and technological development, for example, South Korea’s government
played a major role. More recently, as the launching of new products based
on indigenous technology became an essential part of Korean competitive-
ness in world markets, the locus of R&D spending has shifted to the private
sector.

Linking Science and Technology to
National Development Strategy

In the advanced nations, scientific research and technological develop-
ment directly support national economic growth. Of the many functions of
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science and technology as elements of national policy, it is this aspect that is
no doubt of the greatest concern to the new democracies of Eastern Europe.
In a market economy, technological innovation - that is, the introduction and
diffusion of new products or processes - often occurs in response to a profit-
able market opportunity. In all but the most advanced countries, the technol-
ogy needed for most innovations is normally available from abroad more
cheaply and easily than it would be from indigenous research. The key to
competitive success is thus to be a fast learner: to transfer effectively and to
master imported technology and to integrate it with local knowledge to
manufacture products that can compete in world markets.

This strategy was applied with notable success by the Pacific Rim coun-
tries, most notably the Republic of Korea, Singapore, Taiwan, and Hong
Kong. These countries began by mastering labor-intensive manufacturing
technology, relying on competitive advantage based on low wage rates, while
allowing others to control marketing and distribution. They advanced up the
value-added ladder by mastering manufacturing technologies of increasing
sophistication and labor productivity; they also provided such technology-
based services as the management and execution of construction projects and
the engineering of industrial installations. By marketing relatively sophisti-
cated products under their own brand names, they took complete responsi-
bility for their competitiveness, ultimately developing new products based
on relatively advanced technology, some of it based on local R&D. Through-
out this process, these governments (except in Hong Kong) played key roles
in making strategic choices, in focusing economic assistance from abroad,
and in providing the scientific and technological infrastructure for training
scientists and engineers, for providing technical services, and for carrying
out directed research.

In contrast, the East European nations must continue to support standards
of living that are usually relatively high. They cannot rely on low-wage,
labor-intensive manufacturing alone but must seek from the beginning to
build potential competitive advantage in the management of technology:
manufacturing, marketing, engineering, technical services, research, innova-
tion, product and process development, and the launching of new products
in domestic and international markets.

Ideally, national technology policy should be tied to national strategic
objectives. Korea’s national commitment to economic growth forms a pri-
mary political objective; its strategy, clearly embodied in its technology
policy, is to import and master those technologies that will allow the country
to export labor-intensive manufactured goods to world markets. Israel, which
like Korea is poor in natural resources, has undertaken to export manufac-
tured goods but emphasizes products based on local design and invention. In
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contrast to these two countries, Finland, a small nation rich in natural
resources, based its first technological strategy on an effort to achieve world-
class mastery of technology for the extraction and exploitation of its consid-
erable resources in wood and minerals.

Not surprisingly, Korea, Israel, and Finland are committed to both educa-
tion and research and have invested heavily in them; but their patterns of
research expenditure vary dramatically. Israel invests heavily in basic re-
search and, more recently, in industrial innovation and market development.
Finland, on the other hand, invested heavily in research and technical services
for industries based on natural resource extraction (this emphasis has shifted
more recently to electronics), whereas Korea encourages and facilitates the
import of technology from abroad and has created a network of research
institutions, one of whose major functions is to facilitate the mastery and
absorption of imported technology.

Supporting Industrial Technology

Broadly speaking, there are two major mechanisms for direct government
support to industrial technology: (a) institutions that provide a range of
technical services, especially to small and medium-sized industry; and (b)
direct collaboration with industry to achieve specific technological and
(sometimes) market goals. In a later section, we address a third mechanism -
indirect support through financial assistance to research, development, and
innovation in enterprises, including provision of venture capital.

West Germany, before unification, for example, had one of the strongest
traditions of cooperation between autonomous, government-supported re-
search laboratories and small and medium industry, an activity to which it
dedicated no less than 12% of its national R&D budget. In 1990, the 22
institutes of the German Fraunhofer Society had a collective annual budget
of (U.S.) $200 million for research and technical services, including techno-
logical and market information services to small and medium industry. In
addition, the West German government subsidized 40% of the costs of R&D
personnel in small and medium industry, and shared the costs and commercial
risks connected with the launching of new products based on R&D. These
intervention programs - generally considered to be effective - assumed that
small and medium industry could not be expected to finance R&D that would
not be profitable for a long time or that carried high scientific and technolog-
ical risks. This policy also assumed that private capital markets would neither
detect nor finance all of a nation’s profitable, technology-based business
opportunities.
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Other countries adopt slightly different approaches. France is probably
best known for its major programs of collaboration between government and
industry in pursuit of specific civilian technological targets, such as Plan
Calcul (computers) and SPOT (satellites for remote sensing). Similarly, the
launching of the South Korean ship-building industry, as well as that nation’s
initial investments in semiconductor chip manufacture, were carried out in
collaboration with its government laboratories. More recently, as resource
limitations in Europe have become more acute and as commercial competi-
tiveness has replaced national prestige and technological self-sufficiency as
France’s primary goal in these undertakings, France has increasingly empha-
sized its participation in Europewide initiatives such as the Airbus (commer-
cial aviation) and Arianne (space launches).

Such direct collaboration is relatively uncommon in U.S. civilian industry
(the synthetic fuel program in the 1970s being an unsuccessful example), but
are common in American military and aerospace applications, where the
federal government is the major customer. Indeed, many competitive Amer-
ican technologies owe their beginnings to direct government support through
the Department of Defense or National Aeronautics and Space Administra-
tion (e.g., microelectronics, jet aircraft, Velcro, and microfiche).

In the 1980s, when the United States initiated the Strategic Defense
Initiative (SDI), many European countries perceived it as a backdoor indus-
trial policy intended to create American superiority in a new generation of
&dquo;dual use&dquo; industrial technology expected to spin off from the military tech-
nology produced by SDI research. Europe’s response was the EUREKA pro-
gram, a (U.S.) $19 billion program now supported by 19 European countries,
and in which France has been one of the most enthusiastic participants. The
EUREKA program successfully attracted European industry to undertake
near-market technological developments. It sought to involve small firms in
its joint undertakings with industry, because the profitable &dquo;high-tech&dquo; busi-
ness ventures based on advances in microelectronics and biotechnology seem
to lend themselves to commercialization by small, nimble companies, rather
than by the larger, more heavily capitalized firms that have been the tradi-
tional recipients of funding by European governments.

The Role of the University

In addition to energizing industrial development, policymakers also re-
gard one of their fundamental tasks as guarding the health of the universities
and insuring the universities’ ability to respond to changing technological
requirements in society. In the United Kingdom and West Germany, for
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example, the large expansion of the student body in the 1980s caused
university teaching to expand to such an extent that research seemed to be
crowded out of the academic schedule. In Germany, resources to ameliorate
this plight were made available from the combined Under (states) and
federal governments, including enlightened research support initiatives from
the German Research Society (DFG). The United Kingdom, however, had
no such additional resources to divert to the universities, and so British
academic systems were forced to concentrate their resources and to restrict
the technical areas, budgets, and the number of institutions where research
could be carried out.

A second common problem for the advanced countries involves popula-
tion demographics, especially the tendency of the staffs of universities and
research laboratories to &dquo;grow old together.&dquo; Many of the members of these
staffs were hired during the great worldwide expansion of science and tech-
nology in the 1950s and 1960s. In many institutions, entire departments are
&dquo;tenured in,&dquo; that is, all available slots are filled and there is no room for new
staff. To combat this tendency and at the same time to make room for young
investigators, German and American authorities have instituted special fel-
lowship programs to enable young investigators to carry out their research
and to build a career record while waiting for openings on the regular staff.

Many countries now must also decide how to increase their universities’
contributions to economic growth without compromising traditions of intel-
lectual freedom or the university’s special role in training the next generation
of scientists. The proposed solutions imply a greater utilitarianism and rele-
vance, in both the curriculum and the research carried out in academe. The
curriculum must respond to the changing needs of the employment market,
yet the research must be relevant to the practical problems of the nation. One
technique for establishing an employment-relevant curriculum has been to
create training programs that meet the anticipated needs of the labor market
as these needs are predicted by elaborate mathematical models. Unfortu-
nately, the experience with this method in the United States and elsewhere
has been almost entirely unsuccessful.

Instead, the best approach seems to be to provide ample opportunity for
consultation, collaboration, and exchange of information and interpretation
between industry and university personnel at all levels: administration,
faculty, and students. In this way, the entire university community can remain
responsive to the employment market and to the changing needs of govern-
ment and industry for research or other technical services that universities
can provide. Most universities accomplish these goals through the creation
of advisory committees, job fairs, and similar mechanisms, both formal and
informal, through which university administration, faculty and students can
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maintain regular communication with their clientele in government and the
business community. In addition, opportunities for midcareer education give
people the tools to respond to changes in the job market.

Funding University Research

Some advanced nations consider basic research to be an essential function
of the university; research and teaching, it is argued, are inextricably inter-
twined. First, participation in research insures that university teaching re-
mains up-to-date. Second, research helps to impart to students the spirit of
freedom of inquiry. Third, student participation in research enriches graduate
education and is essential for training future researchers. Not all countries
have chosen this model, however.

In the French system, the government research institute, rather than the
university, is the major locus of basic research. Indeed, among all advanced
countries, France is also distinguished by the high proportion of its scientific
and technological resources (25%, as compared to 12% in the United States)
devoted to in-house government laboratories (e.g., the Centre National de la
Recherche Scientifique [CNRS] and similar organizations). Indeed, the best
equipment and professors for the teaching of science and engineering in
France are typically found, not in the universities, but in the prestigious
grandes écoles, in which technical managers for the large French firms, both
public and private, are trained. This system can work to the disadvantage of
students being trained for careers in the sciences, however.

In Korea, university research is on a relatively small scale and is confined
to basic research, in part because of the university’s association with political
agitation and the periodic violent confrontations between students and the
authorities. These clashes can result in the prolonged disruption or even
closing of an entire campus, laboratories and all; potential sponsors of applied
research, therefore, tend to regard universities as inherently unable to meet
deadlines. Even so, Korean universities have not yet suffered from the major
absence of basic research on campus; until recently, their primary task has
been to train scientists and engineers with the skills needed to choose, adapt,
and master foreign technology. Even here, however, a research-oriented
curriculum would assist in preparing flexible managers needed to manage
advanced manufacturing technology. As Korean industrial technology ad-
vances toward the state of the art in such fields as electronics and biotech-

nology, there is likely to be increased impetus to link the educational process
with the spirit of creative inquiry. An important response to this requirement
has been the establishment by the Pohang Steel Company of a new, research-
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oriented university in Pohang, in southeastern Korea, a region that had had
no such institution of higher education.

If a nation accepts the importance of research to the universities, then the
choice of funding mechanisms becomes an issue. Maintaining more than one
system of support for research, even at the cost of duplication of activities,
can insure that no all-powerful bureaucracy, public or private, becomes the
sole arbiter of what research may be carried out in a country.

The most decentralized system is that of the Federal Republic of Germany
(and now of reunified Germany), in which federal and state governments
each finance parallel systems of support to research and technical services.
This plurality of sources of support for research projects can operate as a
limited safeguard against excessive political control over the freedom of
researchers to choose and guide their own research - an issue of particular
importance in Germany and other countries with a recent history of totalitar-
ian rule.

Similarly, in the United States, a researcher may obtain support from any
of several federal bodies - the National Science Foundation, the National
Institutes of Health, the National Aeronautics and Space Administration, the
Department of Defense (including the Office of Naval Research and the
Defense Advanced Research Project Agency), the Department of Energy, and
the Environmental Protection Agency-as well as from industry, nonprofit
foundations, private philanthropy, and state government.
A second critical issue regarding research funding is the balance between

direct support to institutions, on one hand, and the support to individual re-
search projects, on the other. Young researchers need the opportunity to ob-
tain at least some research support based on the merits of their proposals, lest
an old guard of entrenched senior professors, through excessive control over
research money, block the progress of younger researchers (who are more
likely to be in touch with the latest scientific developments). For this purpose,
peer review by experts from the same or related fields provides an effective
means of safeguarding research quality while nevertheless allowing new
ideas a chance to flower. Requiring projects to be reviewed individually,
however, tends to undermine the authority of a university department (be-
cause individual researchers retain more independence) and to inhibit estab-
lishment of a &dquo;center of excellence&dquo; with a critical mass of people and
equipment in a field of obviously growing importance, such as materials
science.

Even the United States has found it necessary to support centers for basic
research and engineering, especially in fields that require assurance of long-
term funding sufficient to underwrite major equipment and multidisciplinary
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collaborative relationships. Proposals for such centers are still evaluated by
peer review, and the preferred fields chosen with the aid of suitable advisory
committees. (To be sure, political considerations also play a role in the
funding decisions in all countries. Because awards based purely on project
merit tend to be concentrated in a relatively few elite institutions, and because
less favored parts of a country want their share, too, the latter often make
their desires felt through political channels.)

Korea, as a much smaller country, has adopted a dual system of support,
providing a balance between project and institutional grants. Its Korea Sci-
ence and Engineering Foundation decided, at an early stage, to divide its
support between institutional and project support, to strike a balance between
the advantages and disadvantages of the two systems.

&dquo;Innovation Incubators &dquo; :

Linking Universities and Industry

The problem of the universities’ apparent isolation from their economic
context is especially acute in Great Britain, where a long tradition of out-
standing academic basic research has been tempered by an elitist indifference
to practical application, a stiff refusal to respond to the needs of the labor
market, and an intellectual condescension toward industrial employment.
These factors have contributed to the British government’s frustrations in not
having sufficiently exploited the scientific accomplishments of the country’s
basic research prowess. British universities have, in recent years, vigorously
promoted the creation of &dquo;science parks,&dquo; intended to encourage spin-off of
industries based on discoveries made in the universities or to use the prox-
imity of academic research and educational facilities to attract industry to
particular regions and to encourage industry, generally, to take advantage of
university resources and services.

Typical services offered by a science park (or &dquo;innovation incubator&dquo;)
include (a) low-rent offices, (b) laboratory and manufacturing space near the
university, (c) rights to attend courses and research seminars at the university,
and (d) access to university technical services (such as scientific documen-
tation and technological information services) or consulting services from
university staff and faculty at reduced rates. Tenants in an innovation incu-
bator may also have access to shared administrative services such as com-

puter, facsimile, photocopying, receptionist, and telephone answering ser-
vices (all of which are expensive for a start-up company), and to such
physical facilities as shared conference rooms. In some cases, innovation
parks are associated with venture capital companies, which may be assisted
with earmarked public funds at favorable rates.
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In the United States, where the tradition of the multipurpose university is
well established, structural barriers between universities and industry are
being reduced to the minimum, while seeking to maintain academic freedom
and openness of scientific communication among researchers. Industrial
contributions to university programs of education and research are common,
as are advisory committees at all levels, to insure regular contact between the
university faculty and administration and its clientele in industry and the
labor market. For historical and ideological reasons, the U.S. federal govern-
ment has avoided direct participation in the encouragement of entrepreneur-
ial activity, but state governments have been less inhibited. At least half of
the states have established innovation parks or other technical, administra-
tive, and financial services to aid fledgling high-tech industry, as part of
overall efforts to promote regional economic development. These efforts,
however, have been constrained by the limited financial resources usually
available to the states, a problem that has been exacerbated by the financial
crises that many are now experiencing.
A larger and more elaborate version of the innovation incubator is the

science town, such as Novosibirsk in the Soviet Union and Tsukuba in Japan,
where entirely new environments for innovative science and technology are
established, removed from the presumably inhibiting traditions of existing
cities. Such towns are typically built around a complex of one or more elite
laboratories and technical institutes. The intention is that the challenge and
excitement of building a town where everything is new and where traditions
are yet to be established, plus the availability of elite primary and secondary
schools will attract bright young professionals. Korea attempted to adapt this
experience by establishing the science town of Daeduk. Despite the fact that
it was founded by the ministry on which many of the major Korean govern-
ment laboratories depend, Daeduk has had only limited success, however.
Daeduk does not yet have a major university and, as a consequence, the main
Korean applied science laboratories have resisted moving there.

Promoting the Commercialization
of Knowledge Created in Government
and University Laboratories

Institutional efforts to link scientific research to its application (and/or
commercialization) take similar forms in different countries but tend to vary
in political origin and importance. Not surprisingly, such institutions are most
prominent in countries whose investment in science and technology has gone
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disproportionately into government research laboratories (e.g., in France) or
into basic research in universities (e.g., in the United Kingdom).

The French organization ANVAR (Agence Nationale pour la Valorisation
de la Recherche), for example, began as an attempt to promote and facilitate
the licensing of technologies developed in the extensive network of labora-
tories of CNRS and, to a lesser extent, of the universities, reflecting the
former’s predominant share in the French national research budget. As part
of the French government’s effort, beginning in 1981, to support industrial
technology, ANVAR found it useful to expand its role to include equity
investments in new companies based on technologies developed with public
funds. It even shared the expense of launching new, technology-based prod-
ucts on export markets. Similarly, the British National Research Develop-
ment Corporation evolved from a rather stodgy and bureaucratic licensing
agency, sustained by the income from a group of antibiotics (cephalosporins)
developed in British universities, to the present British Technology Group
(BTG), a holding company that owns more than a dozen companies and is
expanding its role as a technology broker worldwide.

Korean institutions have undergone a rapid evolution along similar lines.
The government-owned Korea Advanced Institute of Science and Technol-
ogy (KAIST), frustrated by its shelf of useful but unlicensed technologies,
spun off the Korea Technical Assistance Corporation (KTAC), a holding
company charged with launching new businesses to commercialize such
technology. KTAC was quickly followed by the establishment of the Ko-
rea Technology Development Corporation (KTDC), a venture capital com-
pany specializing in technology-centered business opportunities. Originally
launched with a majority of government equity, KTAC is now under
majority private ownership. Its success has spawned dozens of additional
venture capital companies, each with a somewhat different niche in Korean
capital markets.

The problem of encouraging technology transfer from government labo-
ratories to private industry has been of concern also in the United States,
where a major issue involved proposals to remove the legal restraints against
granting exclusive rights to prospective licensees. The U.S. Congress finally
accepted the argument that most technologies licensed from federal labora-
tories are not yet ready for market and that entrepreneurs need the protection
of an exclusive license if the potential profits from their investments in prod-
uct and market development are to prove attractive.

In any country, the success of a mechanism for commercializing research
results depends fundamentally on a business climate and on economic and
industrial policies that encourage competition and hence that demand im-
proved technology. No such administrative mechanism can successfully
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stimulate innovation if it must continually fight policies that provide exces-
sive protection from such competition.

Obtaining Objective Scientific Advice
for Government Policymakers

One of the more difficult problems in &dquo;policy for science&dquo; (i.e., the policies
that underlie the conduct and allocation of resources for the scientific and

technological enterprise itself) in developed Western countries is how to
provide disinterested analysis useful for rationalizing the allocation of scien-
tific and technological resources among competing economic sectors and
among competing scientific disciplines. Probably, the United Kingdom has
put the most resources into formal forecasting techniques, in an effort to guide
allocations of its R&D resources among the various sectors, but there are so

many imponderables that a truly objective methodology does not exist.
The federal government of the United States sustains the most elaborate

specialized structures for providing scientific advice. The Office of Science
and Technology Policy (OSTP) and special units within the National Science
Foundation (NSF) provide advice to the executive branch of government.
The National Academy of Sciences and the National Academy of Engineer-
ing-nongovernmental, nonresearch laboratory and operating organizations
almost wholly funded by government-provide expert advice on scientific
and technological issues affecting national policy, as well as on the overall
health of U.S. science and engineering to both executive branch agencies and
the Congress. The Office of Technology Assessment, and other units within
the various legislative service organizations, carry out multidisciplinary
analyses of the impact of science and technology to assist the legislative
branch. The methodologies adopted by all these groups vary widely - from
quantitative economic analyses to qualitative, politically sensitized recom-
mendations.

Germany and the United Kingdom tend to rely on national commissions
(in the United Kingdom, these are styled &dquo;Royal Commissions&dquo;) to provide
ad hoc advice on crosscutting issues of major importance, but high-level
advisory commissions play important roles for all countries in highlighting
problems cutting across scientific disciplines (e.g., the level of support to
graduate students) or in identifying and launching training and research
efforts in new or neglected disciplines and approaches (e.g., research that
bridges hitherto separate fields in order to study such global phenomena as
El Nino). In addition, Germany has a number of permanent high-level
commissions whose function is to point out overall patterns and to guide
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overall policy for the extremely pluralistic German scientific effort. These
have proven helpful in bridging that country’s federal and state supported
programs as well as in achieving a more equitable division of resources
between its universities and the major research institutes.

All these advisory mechanisms demand objectivity from their participants
and follow the tradition that experts &dquo;take off their company hats&dquo;-that is,
that they are obligated as a matter of civic duty to disregard their own personal
interests, as well as those of their employers and clients, when they are invited
to serve as government advisors. This tradition makes it possible for govern-
ment advisory committees to benefit from the advice of experts employed by
industry or other interests directly concerned with the matter at issue. To be
sure, the systems do not work perfectly in any country, but the approach does
tend to provide an ethical buffer against the grosser uses of advisory com-
mittees for out-and-out lobbying. The establishment of such a tradition would
be a useful goal of science policy in countries that do not already have it.

In support of policy-making and advising, most industrialized countries
also have some capability for broad-based analysis of science and technology
policy outside government units. The United Kingdom has perhaps the great-
est capability for systematic academic research on science policy through
research and training centers at the University of Sussex and the University
of Manchester. These programs serve as buffers against precipitous political
changes in science and technology policy. For example, they were able, along
with the high-level advisory committees in Britain, to mobilize concrete
evidence of the economic importance of university research and thus to help
forestall drastic cuts in university budgets proposed by the government.

Government Organization for
Science and Technology

Perhaps the most contentious question in science and technology policy
concerns the organizational model that a national government chooses to
adopt to assure a proper level of national attention for science and technology.
Science and technology issues cut across the sectoral ministries and are
logically intrinsic elements of each ministry’s responsibilities. At the same
time, many science and technology issues are matters for long-range consid-
eration and therefore are likely to be neglected because competing matters
seem more pressing (even though they may be less important). For this
reason, the most successful organizational model includes, at a high-level of
government, some entity capable of maintaining an overview of the country’s
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scientific and technological development, independent of specific sectoral
considerations.

Political debates commonly center on whether a country should have a
ministry (in the United States, a department) of science and technology. In
principle, there are three alternatives:

a. a ministry formally endowed with direct control (or a strong coordinating role)
over at least a substantial portion of the national research budget, often with
responsibility for managing a number of national research facilities

b. a coordinating office, typically lodged in the office of the prime minister (or
president), the planning ministry, or other cross-sectoral body, and charged
with a policy-making and coordinating role

c. a science and technology function lodged in the ministry of education or
industry.

This issue possesses far more symbolic than practical importance. France
and the United Kingdom, for example, have oscillated from ministry, to
coordinating structure, to combined ministry of industry and technology -
without any noticeable direct effect. The critical variable seems to be whether
the government is seized with the importance of science and technology at
the highest level and is committed to its support. In the presence of appro-
priate support, any form of organization can succeed. In its absence, even an
explicit portfolio for science and technology is likely to fall to a junior
minister probably chosen to satisfy some (relatively unimportant) portion of
the ruling political coalition and unable to defend his ministry against
competing claims. Paradoxically, too high a level of political support is likely
to be a mixed blessing-if it leads to highly visible projects chosen for their
value as public relations or national prestige rather than for their technical
feasibility or importance.

One of the most successful of the national ministries of science and

technology, that of Korea, owes its success to a special circumstance unlikely
to be duplicated elsewhere. This ministry bears formal responsibility for
coordinating the research budgets of other ministries, a role that would be
difficult to sustain in the face of the practical politics of the budgetary process
in most other countries. In Korea, moreover, the ministry has been able to
exert decisive influence over the scientific and technological development
of the country because of the ministry’s administrative control over the
budget allocated to Korea by the United Nations Development Program. It
used this control to select people for technical assistance and training grants,
and then to assure them a place in the government where their talents would
be well used.
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Some Additional Issues for the 1990s

Brain Drain

&dquo;Brain drain&dquo; is an inevitable side effect of international cooperation in
science and technology and, indeed, of policies allowing scientists freedom
of travel. Many talented scientists and engineers in a developing country (or
in a country of declining research opportunities) will naturally seek better
opportunities to exercise their talents, even though they might prefer to use
those talents at home, if given the opportunity.

The experiences of China, Korea, India, and many other countries have
shown that even those scientists and engineers who emigrate to the developed
country where they were trained are frequently willing to serve as consul-
tants to their homeland or even as recruits for senior technical positions when
the appropriate opportunities present themselves. Even while employed
abroad, these expatriates can constitute an invaluable expert network, pro-
viding sources of capital and up-to-date technical knowledge that are also
well-informed about the political and cultural situation and the ways of doing
business in the native country.

Intellectual Property

A number of the more advanced developing countries have spawned
considerable industries based on the pirating of intellectual property - espe-
cially books, movies, tapes, and software-from the developed countries.
This practice has now advanced to a prominent place on the agenda of trade
issues dividing developed and developing countries.

From the point of view of the theory of scientific and technological
development in the developing countries, piracy is a profitable undertaking
only at an intermediate stage in scientific and technological development. At
an early stage, a country will lack the competence to pirate. Once it becomes
a full participant in the world market for technology, it will realize greater
gains from suppressing the pirate trade and participating in the international
conventions concerning copyrights, patents, and the other treaties providing
for protection. During the intervening time, the country permitting piracy
may expect (a) to experience reluctance on the part of potential collaborators
to transfer needed technology through commercial channels; (b) to receive
considerable diplomatic pressure from the United States and other advanced
nations; and (c) to experience difficulties in receiving international develop-
ment assistance in science and technology, as well as in participating in nor-
mal scientific and technological exchange programs.
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Public Accountability

So far, we have discussed the development of scientific and technological
capability but not the use of science and technology. To examine the latter
aspects, a country needs not only the ability to manage basic and applied
research, but also a system by which decision makers who apply research
knowledge must answer for the consequences of that application, especially
to environmental consequences. The lessons of Chernobyl, Bhopal, and
Three Mile Island indicate that the best check on the irresponsible use of
technology is public accountability: the awareness of the responsible official,
whether in the public or the private sector, that he or she will be held
accountable to an informed public for the consequences of his or her actions.
This model implies that a nation’s citizens, however, are also sufficiently well
educated regarding the social and environmental and implications of tech-
nology and that they are able to respond when information is made available.

Lessons for the New Market Economies

What lessons, then, might we draw for the future from our review of
science and technology policy in the United States, the United Kingdom,
France, Germany, and Korea?

Broadly speaking, improved productivity based on improved manage-
ment of science and technology initially requires a national policy that re-
wards competitiveness and hence creates a demand for innovation and im-
proved technology. The economic requirements for such an environment are
familiar: (a) a reasonably liberal trade regime; (b) reasonably realistic prices
for foreign exchange, energy, raw materials, capital, and labor; (c) an absence
of unreasonable barriers to entry and exit from the industrial marketplace;
and (d) capital markets willing to undertake a reasonable degree of techno-
logical risk.

Once such liberalization is underway, a country must then deploy these
resources in support of two main goals: (a) to prepare a new generation of
technical graduates oriented to world markets, capable of managing technol-
ogy in an open, expanding market economy; and (b) to assist its own indus-
tries to master the expected influx of foreign technology and to commercial-
ize its indigenous technology so as to compete on world markets.

In addressing these objectives, the nations of Eastern Europe in particu-
lar must consider multiple anomalies inherited from previous non-market-
oriented regimes. For example, their university enrollments were strictly
limited by student quotas supposedly derived from centrally made estimates
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of the future needs of industry, and the organizations were so underfunded
that they were forced to derive 30% of their budgets from performing routine
services for industrial clients. Basic research in these countries has often been
of good quality but largely separated from the higher education process. Their
academic or other official institutes often regarded themselves as devoted to
basic research but were, in truth, remarkably entrepreneurial. And the coun-
tries’ compressed wage structures tended to discourage students from making
the necessary investments to study science and engineering.

Many of these countries will need to create an objective organization with
an overview of national science and technology and an ability to analyze and
recommend policy on cross-sectoral and cross-institutional matters. Such an
analytic capacity should be the basis for a relatively open policy-making
process in which policies are regularly reviewed and pragmatically modified
or discarded as necessary, based on community inputs and advice and in
accordance with experience and feedback regarding their effectiveness.

An important lesson for Eastern European countries from the experiences
of the five countries reviewed is also the need to establish a stronger
connection between research and higher education, thereby improving cur-
riculum and teaching, as well as providing opportunities for advanced re-
search training. This approach implies improved links between the universi-
ties and a country’s Academy of Sciences, as well as a gradual build-up of
its universities’ basic research capacity and efforts. University curricula will
be required to adjust to graduates’ radically changed employment prospects.
Increased consultation with prospective employers regarding curriculum will l
replace the old system of quantitative, prescriptive, central planning, and the
market orientation of the courses offered will thus no doubt increase. One

may also expect university administrations to become more participative,
because a substantial degree of consultation and consensus building will be
needed to implement the major changes clearly in the offing.

Another adaptable model involves the dual system of university support:
one channel via a Ministry of Education (or other agency) for direct institu-
tional support; the other via a more autonomous organization analogous to
the British Research Councils (RCs), the DFG or the U.S. NSF, for individual
project awards. The latter function may be lodged in an institution with direct
responsibility for laboratory administration (by analogy to the &dquo;extramural&dquo;
functions of the U.S. National Institutes of Health); but the potential for
conflicts of interest indicate that it is normally unwise to place it inside a
policy-making organization.

The choice of a strategy for accelerating the economic benefit from R&D
carries important implications for Eastern European universities. The sepa-
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ration between university teaching and research is likely to be broken down.
As a result, these governments must decide the proper balance of institutional
support (through block grants to particular schools, institutes or departments)
and individual support (through project grants awarded to single investiga-
tors or teams on the basis of the merit of their proposals).
We may further expect government-funded research institutes to recede

in importance in these countries as they devote an increasing proportion of
their resources to contract research. This shift implies a substantial change
in management style, to emphasize practical work carried out in accordance
with the needs and schedule of a client. Here, the institutes of Germany’s
Max Planck Society and Fraunhofer Society provide useful models of auton-
omous, government-supported institutions-one devoted to basic research
of the highest quality, the other to applied research and technical services to
industry. These services (including technological information, standards and
normalization, quality control, and troubleshooting) are in many ways as
important as R&D, and are relatively less well developed in many of the
Eastern European countries.

The recession now facing Eastern European economies, however, will put
their research and technical science institutions in a difficult position. Ideally,
the bulk of their income should come from services to clients. As a practical
matter, the local industry on which they have depended has just lost the bulk
of its markets, and may not be in a position to make long-term investments
of any kind. What is more, the local market for contract research and other
technical services will soon be opened to competition from foreign firms.

Eastern European research laboratories, engineering firms, and other
technical science institutions therefore have no choice but to seek foreign
partners to improve their technical capabilities and to seek new foreign
markets for their services. This major scientific and technical challenge holds
important implications for the long-term economic competitiveness of these
countries.

Given the small size of the economies of most of the countries concerned,
the scope of their technological efforts are inevitably limited. This situation
increases the value of participation in European collaborative efforts, both in
basic research (e.g., CERN, the European Facility for High-Energy Physics)
and in applied research and technology (e.g., EUREKA), as such opportuni-
ties become more available through expanding multilateral and bilateral
arrangements.

Technology strategists in small countries face critical questions regarding
focus: Should they concentrate the country’s resources on a relatively few
disciplines or subsectors for maximum impact? If so, which ones and how
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should they be chosen? Here, the experiences of France, the United States,
the United Kingdom, and Korea provide cautionary tales but no definitive
answer.

In summary, government’s most important relevant role is to encourage
and facilitate scientific and technological development and to orient it toward
national needs-without trying to control it too tightly or to distort it for
political ends. This task is made all the more difficult by the fact that scientific
and technological development depends, not only on the existence of scien-
tific and technological manpower and institutions, but also on their relation-
ship with each other, with their clientele and with their sources of funding-
which in turn depends on the economic and other national policies that
influence the demand for improved technology in the productive sector. It
should not, then, be surprising that no perfect solutions exist to any of the
classic problems of science and technology policy outlined above. There are
only organizational and institutional mechanisms that work tolerably well
for a given country at a given time. Success requires constant reflection and
evaluation as well as flexible responses to changing opportunities.

Appendix A
The United Kingdom

United Kingdom has a long and distinguished scientific heritage with a reputation
for excellence. Nevertheless, the British have seemed unable to convert their substan-
tial scientific discoveries into economic payoffs. This objective has become a center-
piece of the recent science, technology, and industrial policies of the United Kingdom
(Department of Trade and Industry, 1986; Organization for Economic Cooperation
and Development [OECD], 1967, 1988).

Under Prime Minister Margaret Thatcher, the United Kingdom moved toward
privatization of major industries and endorsed other efforts aimed at increasing
national competitiveness. Thatcher pragmatically protected the resources and struc-
tures essential for the national R&D enterprise, but she resisted the pressures for
budget increases, insisted on efficiency, and encouraged all elements of the system to
be more self-reliant and innovative. She resisted centralization of science and tech-

nology policy and maintained a pluralistic approach, all the while striving toward
greater economic growth. Since succeeding as Prime Minister in November 1990,
John Major has continued these policies and ruled out any significant change in
science and technology policy before the next general election.

The Thatcher government’s approach initially met predictable resistance from
those who believed that it might inhibit basic research. A large part of the science
policy dialogue during the last several years has been concerned, therefore, with issues
regarding balance, priorities, and maintaining the health of various components of the
scientific enterprise (Dalyell, 1983; Goldsmith, 1984; Ince, 1986).

 at GEORGETOWN UNIV LIBRARY on February 28, 2014scx.sagepub.comDownloaded from 

http://scx.sagepub.com/
http://scx.sagepub.com/


123

The conservative bent of British society, which influenced connections between
science, technology, and industry, also inhibited rapid changes in institutions and
added an element of inertia which confounded policy implementation. Individuals are
less mobile in British than in American society, for example, and there are institutional
barriers to cooperation between universities and industry. The educational system also
provides for early division along diverging career tracks, inhibits improvements in
curricula, and provides poor training for many industrial workers. Coupled with the
British higher education system’s traditional indifference to the needs of the market-
place, and an entrenched faculty and government laboratory staff, the situation

presents a number of problems (Long & Wright, 1975; Ronayne, 1984; SRI Interna-
tional, 1985).

Traditionally, the British have been strong in basic research, especially that carried
out in academic settings, but faculty and students tend to exhibit little interest in or
connection with industrial applications or linkages, and this indifference has been
generally reciprocated by British industry (National Research Council [NRC], 1981,
chap. 13). Graduate training is supported through university stipends and fellowships
supported by government funds. In recent years, it has been difficult to support all
fields of research in universities, however, and the resources for many laboratories
have eroded - with several losing their world-class status as a consequence. The
foreclosing of opportunities for academic careers has also greatly increased the pro-
fessional frustration experienced by many young scientists.

The government’s response to this problem attempts to increase coupling between
university-based communities of research and industry, targeting areas of potential
strategic significance as well as greater relevance to practical industrial needs. There
is more recognition of the potential spin-off from mission-oriented projects and to
licenses from patents issuing from govemment-supported projects via the National
Research Development Corporation (now merged into the British Technology Group
[BTG]). Other innovations include industrial environments for advanced educational
tracks, inputs from industry representation on research councils, and university
administrative oversight, as well as new structures to short-circuit communication and
knowledge transfer between the two cultures of industry and academe (Goldsmith,
1984; Ince, 1986; Lederman, 1985, 1986, 1987 ; OECD, 1984).

To accomplish this goal, in the 1970s, the United Kingdom adopted the United
States concept of making space on or near a university campus available for industrial
interests. This initiative led to the formation of science parks (the best known is that
of Cambridge, England, established in 1973). Since then, some 20 others have been
established, and they exchange experiences at an annual meeting held under the
auspices of the Science Parks Association. The industrial research associations, which
are applied research laboratories supported collectively by small industrial organiza-
tions (without facilities of their own) have also expanded (OECD, 1984). Much less
emphasis is placed on individual university entrepreneurs who may exploit their own
scientific research by acquiring the necessary capital to undertake a commercial
venture, with attendant risks to research career and finances but with the possibility
of financial reward if the enterprise succeeds (e.g., the image of the &dquo;Route 128&dquo; or

&dquo;Silicon Valley&dquo; models in the United States).
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Recognizing the need to organize efforts in priority areas of strategic opportunity,
the research councils (RCs)-specifically, the Science and Engineering Research
Council (SERC)-instituted a directorate scheme. For example, the Polymer Engi-
neering Directorate mobilizes the engineering-oriented skills of the universities and
the polytechnics to help the polymer fabrication industry. In addition to establishing
collaborative university-industry programs at more than 20 universities, the director-
ate advises companies on how to exploit existing university research facilities and
capabilities and also carries out studies of the state of various aspects of the polymer
engineering industry. These directorates are meant to be flexible, with the balance of
funding shifting to users as technologies develop. In another related effort, the

government has also called conferences to focus the various communities on achiev-

ing &dquo;wealth from science,&dquo; emphasizing such topics as contacts with industry, research
payoffs, and the commercial development of university products and services. An
interesting innovation has been the establishment of the Center for Exploitation of
Science & Technology (CEST) in Manchester, with industrial contributions. CEST
brings science, industry, and business investors together to monitor recent results and
form judgment on promising commercial exploitation (OECD, 1984, 1986b).

Research Administration and Resource Allocation

Appreciation of the long-term significance of R&D to national goals has tended
to sustain budgetary support at a relatively high percentage of GNP (viz., 2.0%-2.5%)
in the United Kingdom. The present government, while generally trying to reduce
government expenditures, has endeavored to protect this R&D &dquo;vote.&dquo;

Since the 1930s, funds for the support of basic research have been separated from
mission-oriented government agencies and channeled via two semiautonomous or-
ganizations that report administratively to the Department of Education and Science
(DES). The two groups- the University Grants Commission (UGC) (recently re-
named the University Funding Council [UFC]) and the RCs- account for about 92%
of the basic research budget. Some of these funds go to research carried out in
institutions of higher education, but the fraction committed remains far less than the
amounts in other OECD countries. Large amounts of research are carried out in
RC-managed, in-house laboratories, including those required for &dquo;big&dquo; science (De-
partment of Trade and Industry, 1986).

The allocation of funds to the RCs, as well as the overall budget level, are based
on the analyses and recommendations made by the Advisory Committee for Research
Councils, which advises the secretary of state for education and science. The RCs
have sought advice on strategies for coping with increasing pressures from the
research communities to update facilities and instrumentation, from the growing
complexity of the conduct of research itself and from the demands of the government
and industry for greater relevance. As an example of the shifting priorities, SERC has
more than doubled its spending on engineering research since the mid-1970s, largely
at the expense of a 60% reduction in the funding for astronomy, space, and nuclear
physics research. Techniques for identifying strategic areas for exploitation, including
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forecasting and assessment tools as well as studies of evaluation of the past perfor-
mance of laboratories and facilities, are all being employed in efforts at prioritization
(Cabinet Office, 1988; Department of Education and Science, 1987; U.K. Govern-
ment, 1987). In addition, institutional changes, selectively applied support of special-
ized facilities, and calls for diversification of support sources, have forced painful
retrenchments on many organizations, with consequent impacts on personnel (Ince,
1986; Philips, 1988).

In some areas of big science, such as high energy or particle physics, the oppor-
tunity for international sharing of major facilities, such as at CERN, offers a viable
option to domestic expenditures. In other areas, an inability to keep pace with world
competition has led to the emigration of key scientists and the breakup of their research
teams. On a more optimistic note, several frontier research facilities within the United
Kingdom have attracted cooperative contributions of resources from other countries
to expand operations or develop world centers such as the Synchrotron Light Source
at Daresbury or the JET fusion laboratory.

British administration of applied research generally follows the recommendations
of the Rothschild report (Rothschild, 1971), which called for its separation from the
mission-oriented departments in conformity with the &dquo;customer-contractor principle.&dquo;
Applied research is therefore carried out in intramural RC laboratories or in indus-
try -although with the changed environment at British universities, more applied
work can be carried out there, especially in the interdisciplinary institutes to which
the RCs recently gave greater priority. The Rothschild approach has had considerable
difficulties in some technical areas such as in agriculture and medicine, however.

In recent years, the intramural research centers of the RCs and government
departments have been encouraged to develop greater familiarity with industrial needs
and to consider applications that might develop from their work. To stimulate a
breaking down of communication barriers between these communities, the new Links
project brings researchers from the two communities into common projects (OECD,
1989a, 1989b).

University Structures

As the British higher education system grew in the 1940s and 1950s, it was decided
to maintain the Oxbridge tradition of a strong relationship between teaching and
research. Almost all the 33 universities in the country engage in scientific research,
as do also many of the polytechnics, albeit on a smaller scale.

University research is funded under a complex arrangement known as the &dquo;dual
support&dquo; system - through fee income and block grants from the UFC, by the RCs in
the form of research grants, and by a number of other sources including local
communities, industry, and charities (foundations). University support for research
comprises a number of elements: a proportion of the time of academic, technical,
secretarial, and administrative staff; library costs, computing, and other services; and
the capital, equipment, and recurrent costs of laboratories. UFC block grants cover
university expenses for both teaching and research, and they also cover capital
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equipment and building maintenance. Universities have considerable autonomy over
the distribution of their activities, but average about 25% to 30% devoted to the
research component (NRC, 1981, chap. 13; SRI International, 1985). RC funds
provide the other leg of support for university research by using a university’s
&dquo;well-found&dquo; laboratory for the support of specially selected promising research
projects, through the mechanism of peer-reviewed research grants.

This dual support system has been put under stress by university expansion and
constrained resources. Scientific and engineering research in higher education now
suffers because its components are out of balance. There are public expenditure
limitations as well as a lack of adaptability within the system itself- for example, the
growth of teaching at the expense of research, the shift away from basic to applied
research, the age structure of academic staff (with implications for diminishing
research activity), and concentration on initial postgraduate education to the neglect
of research career structures. In view of these issues, the Advisory Board Research
Council (ABRC) created a joint working group with the UFC that studied the issues
and recommended such remedial actions as changing the character of some institu-
tions, limiting research functions to centers of special excellence, and allowing for
the provision of &dquo;new blood&dquo; to the various functions. These suggestions, the subject
of widespread debate, have not yet been fully implemented (Philips, 1988; DES,
1987).

Concerns were also expressed about the utility of advanced research training in
the universities as preparation for nonacademic careers. In the past there was little
effective demand for such people and no great interest in such careers on the part of
postgraduates, but this situation has been changing. Industrial inputs to the relevance
of university training and curriculum as well as the provision of funds for research
and access to state-of-the-art facilities, including the novel Teaching Company
Scheme, have ameliorated and improved relations. The important contributions of the
British Open University system, which provides higher education opportunities for
employed personnel, have been widely praised, and the approach is being replicated
in many parts of the world.

Advisory Mechanisms

In general, science policy in the United Kingdom is considered to be a matter of
&dquo;collective ministerial consideration&dquo; under the prime minister’s leadership. The
Advisory Council for Science and Technology (ACOST) has wide representation
from the academic science community as well as strong participation from industry,
and it advises the prime minister on priorities. The cabinet’s chief science adviser acts
as a channel for advice and, in turn, is responsible for providing the annual report on
R&D and other informative messages for the Parliament and the public. A continuing
effort to strengthen the coordination and priority-setting apparatus of the RCs finally
led to not only the ABRC that advise DES, but also the Science Policy Support Group,
formed in 1986 with the assistance of all the RCs, which seeks to foster research,
research capabilities, and information sources relevant to British policy needs on
science and technology.
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Appendix B
Federal Republic of Germany’

Germany has a long tradition honoring scholarship, learning, research, and indus-
triousness that contributed materially to West Germany’s industrial prowess and
flourishing economy during the 1970s and 1980s. In addition to an illustrious history
of basic research accomplishments, a highly trained and productive work force
facilitated engineering and industrial efforts to develop advanced technological
products.

Three basic principles have influenced how the West German government has
approached research:

1. the freedom of science and research guaranteed by the national constitution;
there is an intentional autonomy built into many of the support structures, and
scientists are free to determine the aims and methods of research;

2. the country’s federal structure and the attendant distribution of tasks between
the federal and state governments;

3. the market economy, which allows companies to decide freely on their choice
and pursuit of R&D projects. The government may provide incentives, such
as tax relief, grants, or loans; however, research, technological development,
and innovation are foremost the concern of companies themselves, because
they are regarded as best able to assess the opportunities for developing and
marketing new products or introducing new manufacturing techniques (Fed-
eral Ministry for Research and Technology, 1988).

Additional factors that have an impact on policy include (a) the strong welfare
aspects of the society and the related personnel regulations affecting enterprises,
including the universities and government facilities; (b) the strength and popularity
of &dquo;green&dquo; or environmental political movements; and (c) a demographic pattern that
points toward reduced numbers of researchers.

To avoid the repetition of powerful, centralized influences and controls over all
aspects of the state, the Federal Republic of Germany developed an extreme pluralistic
approach to governance, as is evident from the various and diverse states’ (Lander)
regional attitudes and policies concerning education, industry, and social and regula-
tory issues. Nevertheless, the German federal government has been increasingly asked
to provide resources for the R&D infrastructure and, as a consequence, has had to
assume a greater coordinating role as well.

The scientific and technological community in what was formerly West Germany
has enjoyed the best of both worlds: Their widespread R&D enterprise not only had
guarded independence and methods of self-governance, but it also included opportu-
nities for access to resources from many sources including state, federal, private
sector, and international levels. The 63 universities and technical institutes within

West Germany, supported primarily by that country’s 11 states, have been the tra-
ditional repository of scientific research activity. In these organizations, research has
been customarily part of the faculty’s professional responsibility and conducted as a
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complement to teaching. The block funding to the higher education institutions pro-
vided from state sources has assigned as much as two thirds of the total for scientific
matters, including provision for laboratories and instrumentation as well as payments
for the salaries of investigators and support personnel and services (Allen, 1974;
Geimer & Geimer, 1981; NRC, 1981, chap. 13).

The German Research Society (DFG) has been the principal source of supplemen-
tal funding for university research in the form of medium-term (i.e., less than 5 years),
peer-reviewed research grants. Funding for the nonprofit DFG is provided both by
the federal and state governments (on a 58:42 ratio), but the organization is indepen-
dent and establishes its own research priorities and provides for the administration
and evaluation of grants.

Consistent with its pluralistic approach, Germany has developed a large number
and variety of research institutes outside the higher education sector. Among these,
the Max Planck Society’s (MPG) 52 research institutes enjoy special distinction and
international recognition, their scientists having won several Nobel prizes in recent
years. The nonprofit private society, founded in 1911, is currently supported almost
95% by state and federal funds, although it still enjoys independence and a somewhat
autonomous management. Although its budget represented only 2% of national R&D

expenditures before reunification, MPG ranks at the frontiers of many important
scientific disciplines, thanks to its excellent staff and to its strategy of concentrating
along specially selected lines of research reflecting the innovations introduced by key
researchers, together with the flexibility to reflect the dynamics of new research
priorities (SRI International, 1985).

An analogous nonprofit organization for applied research is the Fraunhofer

Society for the Promotion of Applied Research (FhG), which administers 22 civilian
R&D institutes engaged in contract or project research for industry and government.
That society’s institutes, also supported by federal and state subsidies, have excellent
links with industry, providing technical assistance services to small and medium-sized
companies. The society also maintains close contacts with universities and polytech-
nics, often sharing in research facilities. The society and the Confederation of Indus-
trial Research Associations (AIF) contribute to the widespread diffusion of techno-
logical knowledge that remains a hallmark of German industrial prowess.

For the conduct of &dquo;big science,&dquo; the West German government has supported 13
national laboratories from state and predominantly federal funds, although the insti-
tutions are legally independent and self-administered. These laboratories are oriented
around major large-scale facilities and explicitly encourage both university and in-
dustrial scientists and engineers to participate in their research activities. The various
laboratories are joined together in an association of National Research Centers (AGF),
to consider common problems and policies with government and the public.

Before reunification, the West German federal government maintained some 40
mission-related research establishments and the states operated an additional 50
laboratories in research areas considered to have regional relevance. Furthermore,
there are 48 state- and federally funded laboratories on the &dquo;Blue-List&dquo; that perform
more basic research of national or multiregional import (Bond, 1986). For industrial
research, beyond the extensive facilities maintained in-house by the major companies,
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there is a Confederation of Industrial Research Associations, the AIF, an autonomous
organization that finances and coordinates cooperative industrial research of rele-
vance to small and medium-sized companies.

This diverse, plural, and widespread research system represented a formidable
investment of some 2.8% of the West German GNP before reunification; 2.6% for the
nondefense portion of R&D. An increasingly significant element for coordination and
priority setting at the federal level has been provided by the Federal Ministry for
Research and Technology (BMFT). It has substantial influence through funding
decisions, because its budget has comprised about 55% of the federal contribution
and consequently 25% of the nation’s total R&D budget. Nevertheless, experience
indicates that it is easier, under a plural system of largely autonomous elements, to
lead by providing additional funds for new activities and directions, rather than by
changing long-established programs and institutions (Federal Ministry for Research
and Technology, 1988).

Encouraging Industrial Innovation

The diffusion of technology has at least as high a priority in German science and
technology as do research and innovation. As a result, most elements of the German
research system have long been exposed to utilitarian emphases and do not require
much further cultural accommodation to the growing emphasis on the &dquo;marketplace
of science and technology.&dquo; Already, in the early 1980s, the West German government
was devoting significant resources to the promotion of industrial R&D. This policy
had developed over a decade during which it became evident that there were important
situations in which private enterprise was likely to underinvest in R&D, such as (a)
when developments are likely to require a long time, so that profits cannot be expected
in the near term; (b) when the scientific, technical, and economic risks appear high;
(c) when the market underrates more advanced technological solutions, because it
responds not so much to the future as to the prevailing conditions as far as demand,
shortage, and constraints are concerned; or (d) when demand does not suffice to bring
about new technological solutions that are predominantly in the interest of the general
public (Ronayne, 1984). In implementing these guidelines, the Ministry of Research
and Technology gave preference, in its industrial applied R&D program, to concrete

projects stressing strategic technological areas such as electronics, communications,
and energy. Qualified proposals were funded, involving up to one half of the costs
involved, and repayment was expected if the work led to commercially successful
developments.

More recently, the altered political environment and concern about slowed indus-
trial investment in R&D have led the German government to decrease direct funding
of industrial R&D in favor of indirect mechanisms to improve the climate for
industry’s spending and to encourage increased self-reliance of the private sector in
the form of private initiative and entrepreneurial responsibility. Public funds would
continue to support efforts considered relevant to national responsibilities and where
social or macroeconomic concerns were evident. Thus the Germany government has

partially supported industrial efforts involving Spacelab, Airbus, nuclear experimen-
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tal facilities and safeguards, new coal technologies, solar and wind energy, and
levitated electromagnetic transportation. In these projects, as well as in those that
government sponsors directly, the goal is greater and earlier participation in funding
by the ultimate producers of any product from the research.

Collectively, these programs for government support of industrial R&D consti-

tuted 12% of total R&D in 1984; by comparison, the United States expended only
0.2% on that objective in the same year. West Germany undertook to expand indirect
stimulation of industrial R&D by such measures as federal and state subsidies via the
FhG to assist small and medium enterprises (i.e., having less than [U.S.] $250 million
sales) with promising R&D projects. The society’s support is leveraged by encourag-
ing a catalytic role in transfer of technology from research labs to industry - its
performance is evaluated and a bonus offered, dependent on contract earnings. The
large National Research Centers, also encouraged to take on research projects for
small companies, have found that these contracts provide important sources for sup-
plemental income.

The AIF administers still another innovative program for the benefit of small and

medium-sized firms. This program uses Ministry of Economics funding to subsidize
40% of the labor costs for scientists, engineers, and technicians engaged in R&D, for
those firms with less than 500 employees and annual sales of (U.S.) $25 million. The
program will pay 55% of the labor costs for new R&D personnel if the firm can show
that it has thereby increased its R&D efforts. The AIF also administers a federal plan,
similar to the FhG project, to stimulate R&D subcontracts from industry to their
member institutes (OECD, 1989b).

Of the industrially performed R&D, only 5% is estimated to represent basic
research. Expanding industry’s interest in basic research by encouraging linkage with
the academic research community so far has had only limited success, mainly limited
to improved contacts with the engineering departments.

The German government has been interested in encouraging national industrial
participation in cooperative R&D programs under the European Community’s direc-
tion, including Framework and the sector components such as Esprit and Brite. The
FRG was also quick to join the French initiative in putting forward the EUREKA
project in 1985. Currently, German companies are involved in more than 50 EUREKA
projects worth a total of over (U.S.) $1,500 million. Additional participation in
multilateral consortia in the fields of space, aeronautics, and electronics have proven
to be a valuable means of achieving the requisite integration of comparative advan-
tages, to result in greater industrial global competitiveness (&dquo;Science in Europe,&dquo;
1987). 1

Research Administration and Resource Allocation

The diverse and pluralistic nature of the FRG’s R&D system makes planning and
coordination challenging. The system was designed to avoid overly rigid direction
from above. However, there are mechanisms providing for advice and coordination
within most of the component elements of the system, and the overall national effort
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has the benefit of advice from the long-standing and prestigious Science Council
(Wissenschaftsrates). Founded by an agreement between the federal and states gov-
ernments, this council provides recommendations and advice on science policy
matters, especially concerning the higher education sector. The Science Council
annually reviews federal and states’ planned expenditures for higher education,
including university proposals for new laboratories and scientific equipment. It

thereby serves as a mechanism for the expression of priorities, as well as the reduction
of undesirable duplication of effort.

The German Research Society also plays a significant role in maintaining
university-based scientific research at the active frontiers, taking advantage of the
emerging advances in knowledge and the latest techniques and instrumentation. For
this purpose, it has a diversified portfolio of programs for providing support. The core
program for individual researchers takes 45% of the budget. Additional priority pro-
grams encourage groups of researchers to collaborate on selected areas where team
efforts are needed or where access to a special facility is required, such as the German
participation in international cooperation in scientific deep-sea drilling or gene tech-
nology. Another provides long-term grants to university departments prepared to
concentrate their research in some priority field. Since 1968, at least 100 of these
collaborative projects have been supported, many of them becoming centers of
excellence. Although this program is backed by federal funds, the states must commit
themselves to continue support following DFG’s maximum period of support, up to
15 years (OECD, 1972).

Although the MPG enjoys independent status, it does have university, government,
and industry representatives on its board of directors and also responds to advice from
the Science Council. The MPG institutes are not designed to be general performers
of basic research in all fields; instead, an institute carries out special projects deemed
to be intellectually ripe, sometimes building on the promising contributions of a
particular individual or team. Under a &dquo;sunset&dquo; provision, institutes may be modified
in their disciplinary focus or even dissolved if overtaken by scientific events. The
mandate of MPG laboratories is specifically reconsidered when the director retires.
The flexibility in management available in these nonprofit autonomous societies is
potentially greater than that possible in government structures, subject to diverse
political pressures (Maddox, 1982).

The major expenditures to maintain the large-scale national research laboratories
engaged in big science are borne by the Ministry for Research and Technology. The
laboratories are faced with increased demands for expensive new instrumentation
under constrained budgets; and so, to assure that its scientists have access to state-of-
the-art research facilities, Germany has been participating in many bilateral and
multilateral cooperative science programs, such as CERN (the particle physics
research facility in Geneva), the European Space Agency (ESA, whose main offices
are in Paris), and the Laue-Langevin Laboratory (the neutron physics facility at
Grenoble). These programs are managed so that scientific matters are presumably
shielded from national political-economic pressures; nevertheless, each country ex-
pects to receive a juste-retour, reflecting its shared costs. Germany is itself the home
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for some cooperative European research facilities, such as the European Laboratory
for Microbiology (EMBL, located in Heidelberg) and the European Space Observa-
tory (ESO) at Garching, and it also has cooperated in a number of international studies
on research priority assessment undertaken by the European Science Foundation,
OECD, and the European Community (&dquo;Science in Europe,&dquo; 1987).

University Structures

West German universities expanded rapidly in the 1960s and 1970s, and their
financial problems mounted concurrently, as reforms added bureaucratic structures
and new policies and complicated the environment for creative efforts. Changing
demographic patterns have also reduced opportunities in academia, as has happened
in many other countries. The DFG has therefore initiated a nationally funded fellow-
ship program to assist accomplished young scientists whose university positions were
becoming insecure. Postdoctoral research programs and awards programs similarly
attempt to simplify the administrative life of top research scientists by enabling them
to select and undertake research projects on their own, avoiding the regular pro-
posal/screening process. This program appears intended to slow the erosion of top
researchers from German universities. The MPG-where researchers enjoy a &dquo;pure&dquo;
research environment without the heavy teaching loads of the crowded universities-
have offered an increasingly attractive alternative to many scientists, and the resulting
migration created some friction between the MPG and the universities. As a conse-
quence, the MPG took a number of actions to extend its share of responsibility to the
wider community. Nearly all MPG directors and many senior scientists began to take
on teaching assignments in the universities and the MPG began to offer research
facilities to university students.

Although there does not appear to be a major effort underway to provide linkages
between industry and universities, there have been some states-initiated programs to
entice German industry to locate in close proximity to university sites. In addition, as
a recognition of the strong flow of graduates into industry, there has been a major
increase in funding provided directly to universities from the industrial sector.

Appendix C
France

France was the first of the Western countries to make basic research a state responsi-
bility (Brooks & Cooper, 1987; OECD, 1972, 1986a, 1988). During the De Gaulle
presidency, government priorities emphasized projects that advanced national security,
prestige, and independence, so that France might continue to play the role of a great power.
Space applications and computer developments were two high-technology areas added to
the list of priority developments (Ronayne, 1984). During this period, France invested
heavily in its science and technology infrastructure. Considerations of economic utility,
industrial competitiveness, and cost-effectiveness played a much more minor role,
compared to national prestige, in the choice of projects and in the assignment of
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priorities. All these efforts led eventually to the renaissance of a large and productive
science, technology, and industrial base focused on large, high-technology projects.
Under De Gaulle, R&D (as a fraction of GNP) grew from 1.7% (1958) to 2.2% (1967).

The succeeding conservative administrations allowed the R&D indicator to fall to
levels of 1% of GNP, but the Mitterrand socialist administration has been unusually
positive in the provision of resources for, and in the concentration of political attention
on, the science and technology sector. The French president has described that sector
as the &dquo;favorite child&dquo; of the government. The R&D index was targeted to rise to 2.5%
or even 3.0%; however, various changes of administration have set the timetable back
and the 2.5% level is just now being reached (Long & Wright, 1975; NRC, 1981,
chap. 13; OECD, 1972). The theme of technological innovation contributing to
industrial development and competitiveness now receives widespread endorsement
and dominates the French government’s R&D priorities.

The French political and economic system provides for a very strong national
government influence over all sectors of the science and technology enterprise: from
the education system, on through R&D and industry, including not only the nation-
alized but the private sector component as well. The principal agency for the conduct
of basic and applied research is the Centre Nationale de la Recherche Scientifique
(CNRS), whose 1,200 laboratories are frequently &dquo;associated&dquo; with universities or the
elite grandes écoles. Although this proximity encourages opportunities for professors
to participate in research in these prestigious laboratories, CNRS is quite separate
from the university system. It is an operating, not a granting organization. CNRS
administration moves through the highest governmental research and technology
channels (the Ministry of Research and Technology or its predecessor Ministry of
Research and Industry). It has thus readily shared the overall national priorities, now
devoted to technological innovation, so that these may be reflected in changes in
organization, allocation of resources, and the promotion of industrial relationships.

In addition to CNRS, France supports other research &dquo;organismes&dquo; related to
specific government ministries such as agriculture, energy, health (National Institute
of Health and Medical Research, INSERM), space, and defense. Coordination is
provided through the Minister for Research and Technology, within the new super-
ministry covering education, science, and sport. Coordination of resource allocations
is through the procedures of the establishment of the civil budget for R&D (Ministre
de la Recherche, 1989).

The close formal linkage between national goals and the research system is equally
evident in more recent concern with technological innovation and industrial compet-
itiveness. This fairly compliant and willing acceptance of government leadership and
direction by the various systems components seems an important aspect of the French
national governance.

Already, under the eighth 5-year plan of the previous (Giscard d’Estaing) admin-
istration, there were calls for increased efforts and support for moving research results
more expeditiously into the realm of commercial applications (although overall R&D
support declined). In addition to reforming the CNRS structure, the government in-
creased support for Agence Nationale pour la Valorisation de la Recherche (ANVAR).
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The latter organization had originally been established for limited functions equiva-
lent to those of its English model, the National Research Development Corporation
(NRDC)-that is, principally to license patents obtained for government-sponsored
inventions-but later expanded to provide grants and low-interest loans to industry
for the purpose of increasing in-house industrial research programs and developing
and exploiting innovative technologies. Further incentives were advocated to en-
courage mobility of scientists and engineers to cross-fertilize transfers between
institutions.

In their arrangements to encourage cooperation between research labs and indus-
try, the French tend to emphasize science and technology information in general. With
their national penchant for informatics, they have concentrated on data base develop-
ments (e.g., BNIST) and on the formation of decentralized networks under the
auspices of Agence Regionale pour 1’Information Scientifique Technique (ARIST).
To encourage more personal communication, there are informal &dquo;clubs&dquo; that bring
CNRS scientists in contact with industry. Furthermore, the ARISTs have set up
networks of technical advisers from various government establishments, as well as
from higher education institutes, to assist local industry with consultancies. Growing
from these information and personal contacts, follow-up programs provide mecha-
nisms for user groups to take advantage of special facilities at government-supported
institutions.

It is in the category of business creation that the peculiarly close relationship
between French government and industry has been particularly effective. In the field
of nuclear energy, this shift from research in government facilities to industrial activity
has been achieved by transforming units of the Commissariat a 1’Energie Atomique
(CEA) into industrial subsidiaries, once their technologies had grown to maturity.
This process made possible the creation of most of the successful French nuclear
industry. In space, Centre Nationale d’Etudes Spatiales (CNES) has established com-
mercial subsidiaries, in association with other partners, to cover commercial spin-off
activities (e.g., Interspace, a subsidiary of CNES, and Matra and Aerospatiale, for
testing satellites). The most celebrated example is Arianespace, formed in 1980 to
provide launch vehicles for ESA and commercial applications (OECD, 1989a).

The French have also encouraged international industrial consortia to take advan-
tage of comparative strengths of individual firms and achieve a competitive position
to provide commercial systems, as exemplified by the Concorde and Airbus. The
EUREKA program arose in 1985, when the French government proposed a large-
scale program of advanced technological development with direct civilian relevance
as an alternative to European participation in the U.S. SDI program. Complementary
to the European Community program for R&D cooperation known as Framework,
EUREKA seeks to attract both large and small industry into integrated projects in
near-market technological developments. With a total volume of projects already in
the multibillion dollar range, EUREKA has already exceeded all expectations for
broad-based participation and impact. The program has been cooperatively managed
with strong industrial initiatives and little bureaucratic superstructure.
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Research Administration and Resource Allocation

In the French system, the national government funds almost all of the basic
research effort, which it also conducts in its own laboratories or in higher education
institutions under its authority. Applied research is supported by government and
industry in a great variety of institutions; but, again, the government has considerable
leverage over priorities. The fraction of the total national R&D supported by industry
amounts to 40% - about the lowest level in OECD. Industry, however, carries out
about 60% of the total national R&D.

The CNRS is the principal organization responsible for the support of basic
research. It accounts for some 10% of the total R&D funds, and it employs a staff of
25,000 (10,000 of whom are technical professionals). Although the CNRS budget is
subject to ministry control and regulations, there is considerable autonomy in its
management. The 45 disciplinary panels of the Science Research Council have great
influence on the program priorities and their relative funding levels. Support for
research projects is by block grants for major areas and to laboratories, rather than for
specific individual research grants (&dquo;Science in Europe,&dquo; 1987; Walgate, 1982).
France also designates resources for strategic programs established in promising areas
of microelectronics, information technology, biotechnology, materials, and robotics.

University Research

The support of fundamental research by CNRS includes provision for the partic-
ipation of outstanding university researchers in the work at associated laboratories.
Under the French system, university personnel are also government employees, so
that administrative regulations are comparable. The standards of these facilities are
high and assignment of faculty to the associated laboratories offers additional prestige.
The government also makes block grants to universities and the grandes écoles for
operating and equipping their own research facilities, within a budget amounting to
some 15% of that of CNRS. Nevertheless, lack of innovation and initiative and
generally troubled conditions affect the university research environment. Efforts are
underway to reform the university system, to strengthen research capacity, and to
solve related faculty problems.

The problems of training of research personnel are of continuing concern. Under-
graduate preparation provides few contacts with research and the postgraduate re-
search facilities at the universities are limited. In addition, entrance opportunities into
CNRS are also limited. The more prestigious (and often better equipped) facilities of
the grandes écoles are preferentially used by students who take up careers in admin-
istration. To ameliorate this situation, the government has made special provisions for
an increasing number of training grants in the research and education sectors so that
trainees can be paid while working toward degrees. The principle that research itself
can or should provide training for research is slowly being accepted in French national
science policy.
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Appendix D
Republic of Korea

The Republic of Korea is a &dquo;late industrializing nation&dquo; (Amsden, 1989), which
develops an industry, based on borrowed rather than indigenously developed novel
technology. Little by little, such a nation learns to improve and to use the technology
in production, competing effectively by virtue of other comparative advantages, such
as cheap labor. The Koreans were fast learners who mastered the requisite skills at
the shop floor and supplied their own characteristic dedication to meeting targets and
goals for quality production. To stay competitive, however, Korea must upgrade its
work force with skills complementing the innovative modification and application of
technology in production. Following the Japanese example, Korea went through just
such a learning curve from 1960 to the present, borrowing technology and exploiting
it with inexpensive labor, first to export textiles and then to manufacture complex
electrical and electronic products. Recognizing the production advantages in scale,
Korea focused on large export markets, leaving its limited domestic markets for
satisfaction at a later stage when the rising economy and profits from sales abroad
would create the demand and the necessary infrastructure. Development skills needed
to master the licensed technology and production engineering were acquired in
education and training abroad or from transfer from foreign suppliers-a further
investment in the future (Ministry of Science and Technology, 1987).

The large conglomerate programs (chaebols), which dominate the Korean in-
dustrial horizon, are run by aggressive entrepreneurs in heavily leveraged, family-
dominated enterprises. Originally subsidized via low-interest loans and preferential
tax and regulatory government support, these companies developed a self-reliant,
competitive dynamism, which optimistically and aggressively approached new mar-
kets of strategic potential. Arriving quite late to the manufacturing of products that
were already available elsewhere (e.g., steel), Korea nevertheless persisted and even-
tually successfully captured impressive market shares of these products- to the point
where the country became part of the &dquo;club&dquo; and was invited to participate in joint
ventures with other leading countries. By the 1980s, as medium- and high-technology
fields became increasingly attractive, Korean industrial efforts moved to automobiles
and to electrical and electronic products. Conquering the markets for videocassette
recorders and microwave ovens, they then entered the dynamic, risky area of semi-
conductor production. By making the necessary substantial investments, the Koreans
have become the world’s third largest producer of dynamic random-access memories
(DRAMs) and are gaining on the leading producers, the United States and Japan
(Magaziner & Patinkin, 1989; &dquo;Korea: Transition,&dquo; 1988).

The Korean development strategy, while planned in large part by government, was
fundamentally implemented through private entrepreneurial efforts, all of which
required the contributions of a broad base of well-trained personnel for their success.
The development of the requisite scientific and engineering community and the
essential institutional R&D capacity has grown in a mutually supporting relationship
with the national growth in industrial productivity, all closely orchestrated through
government strategic planning and resource investment.
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To overcome in a short time a lack of experience and lack of trained technical
personnel, as well as overcoming popular ignorance about the issues, a rather strong
and efficient centralized government organization was needed. At the conclusion of
World War 11, there were only 40 people trained in science or engineering in all of
South Korea. The government, beginning in 1962, adopted scientific and technolog-
ical development as a major policy goal. When it was established in 1967, the Ministry
of Science and Industry (MOST) represented one of the first science policy coordi-
nating ministries in the developing world. The first government-created institute, the
Korea Institute of Science and Technology (KIST), was established in 1966 with the
assistance of the U.S. Agency for International Development (AID), following on the
missions of President Lyndon Johnson’s science adviser, Donald Homig, together
with representatives of the Battelle Memorial Institute. KIST, a publicly funded
autonomous institute, began operations by performing contract-initiated applied re-
search for local firms and also assisted in the evaluation and adaptation of imported
technology. The high degree of autonomy was a significant factor in attracting and
keeping talented scientists and engineers (UNESCO, 1983, 1985).

Additional research institutes were established in other applied technical areas
supporting the mission-oriented development agencies, including energy, agriculture,
and communications. Defense, which receives some 30% of the national budget, also
requires considerable R&D support.

In 1981, the Korean government reshuffled its 16 R&D institutes, merging them
into 10 aggregations and placing them under the administration of MOST. By 1985,
MOST moved further into a policy-making role, emphasizing strategic long-range
planning and assuming a significant responsibility for providing inputs to the national
5-year plans, in conjunction with the Economic Planning Board and the Ministry of
Trade and Industry. The sixth plan, covering the period 1987 to 1991, aims at achiev-
ing the attributes of a technologically advanced country. It is planned to raise the
funding level for national R&D expenditures to over 2% of the growing GNP, repre-
senting at least a fourfold increase from the beginning of the 1980s.

As an essential aspect of the evolution toward more sophisticated technology and
industrial productivity, the Korean national planning has stressed the &dquo;development
and acquisition&dquo; of high-level scientists and engineers by reinforcing graduate school
education, expanding overseas training programs, and inducing the repatriation of
Korean experts from abroad. The Korea Advanced Institute of Science and Technol-

ogy (KAIST), which resulted from a merger in 1981 of KIST with the graduate
education institute previously known as the Korea Advanced Institute of Science, is
the elite institution that is catalyzing the entire scheme to achieve advanced science
and technology national stature. (Recently, the two institutions have been separated
once again into their education and research functions.) It is planned that the KAIST
will graduate over 1,000 Ph.D. and 3,000 M.S. degree holders during the Sixth Plan
period (1987-1991), up from the 299 Ph.D. and 3,739 M.S. degrees granted over the
entire previous 15 years of the institute’s existence (Republic of Korea, 1987). KAIST
spent (U.S.) $80 million in 1987, mostly in a series of national R&D projects, with
industry participating as a partner.
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Other research institutes were also major participants in this implementation of
the national plan. The Electronics and Telecommunications Research Institute (ETRI)
spent (U.S.) $60 million in 1987. In a key project aimed at developing VLSI semi-
conductor chips, they set up a joint effort with participation of three industrial con-
glomerates, each of which had been too small to undertake the work alone, but which
contribute 85% of the (U.S.) $100 million 3-year project costs (Mody, 1989). With
the growing size and success of Korean industry, industrial R&D in-house facilities

are now proving to be popular, with the government once again providing an
important assist through generous tax policy encouragement.

The government has established the Korea Technology Development Corporation
(KTDC), with capital from various private and public sources, including funds
borrowed from the World Bank, for the purpose of financing promising technological
ventures, especially those to be undertaken by small and medium-sized firms (77%
of the total). Loans to date amount to (U.S.) $350 million. As an added responsibility,
the KTDC undertakes evaluations of projects especially for the Industrial Technology
Development Support Program, under the auspices of MOST’s National R&D pro-

gram (Republic of Korea, 1985). Additional smaller, more specialized venture capital
corporations include the Korea Technology Advancement Corporation, the Korea De-
velopment Investment Corporation, and the Korea Technology Finance corporation.

In addition, the government has recognized the need to collect and organize
technical literature from foreign and domestic sources that may be useful to Korean
R&D and industrial performers and to provide interpretative staffs to assist in the
transfer of knowledge and data. These functions are performed at the Korea Institute
for Economics and Technology (KIET), which was established in 1982, from a merger
of the Korea International Economic Institute and the Korea Science and Technology
Information Center. The responsibilities were broadened in 1985 when the Techno-
logical Information Exchange Services Unit was established to provide diverse
technology-related information efficiently to concerned industries and to assist Ko-
rean firms to cope with rapidly changing high-tech and industrial breakthroughs.
KIET has also established cooperative relations with 37 domestic organizations
involved in industrial promotion. KIET maintains data bases on-line and also main-
tains files on Korean scientists and engineers abroad, as well as on technologies of
all sorts. It maintains a large staff of well-trained people, including advanced-degree
holders from prestigious universities around the world (Republic of Korea, 1986).

The Ministry of Trade and Industry (MTI) deals with matters of commerce, foreign
trade, industry, patents, and standards. A subordinate office to MTI, the Industrial
Advancement Administration, was established in 1973 to reinforce government
activities related to the promotion of industrial technology, the quality of industrial
products, industrial standards and measurements, and the inspection of export mer-
chandise for quality factors.

As Korea has moved further into technological innovation, it has been confronted
with the complexities of patent and copyright issues; it joined the World Intellectual
Property Organization (WIPO) in 1979. The proper regime for the protection of
intellectual property rights has become an acute issue in the field of semiconductors
and computer hardware and software. Although some progress had been made in
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successful joint ventures with international partners, there were sufficient outstanding
issues with the United States that they caused a lapse in the umbrella agreement for
scientific cooperation between the two in 1988. Bilateral science and technology
relations are still &dquo;on hold,&dquo; while existing projects run to completion.

Research Administration and Resource Allocation

As of 1985, Korea had 702 R&D-related institutions (which encompassed 166
public research institutes; 326 institutes at universities, colleges, and junior colleges;
and 210 belonging to private enterprises) and over 41,000 researchers (or about 10
researchers per 10,000 population). The total national R&D investment (U.S.) $1,492
billion, amounted to 1.78% of the GNP in 1985, with further increases in subsequent
years. The ratio between the public and private sector R&D investments stood at 50:50
in 1982 but then dropped (25:75 in 1987) as industrial R&D expanded markedly. As
the number of opportunities for researchers increased, their numbers also grew. All
of these rising indicators confirmed the policy guidance and rhetoric in underlining
the extensive movement of Korea along the technological route to achieving devel-
oped country status.

Education has been a key factor in the national strategy. Although the support of
special vocational and higher education has traditionally fallen on the parents of
students, the government has successfully induced more students into the vocational
and technical fields of education through better facilities, scholarships, and other
incentives, such as exempting elite students (such as those at KAIST) from the
otherwise mandatory 3-year military service. Although continuing to send students
abroad for specialized study (approximately 20,000 Korean students are enrolled in
U.S. institutions of higher education, predominantly in fields of engineering, the
physical sciences, and math/computer science with additional strong emphasis on
studies in business management), Korea now emphasizes development of its own
education facilities, as well as exchanges of faculty with well-known foreign univer-
sities. Korean scientists and engineers working abroad have been repatriated with
increasing success, thanks to government support and to the increased, challenging
opportunities available for them in the growing Korean R&D climate. Graduate study
at the science and engineering colleges has increased tenfold over the decade of the
1980s and the higher education system, with its connected research institutes, consti-
tutes the largest employer of science Ph.D. holders.

Public expenditure on research in the higher education sector has increased
significantly in absolute value, but its share in the total public expenditure on scien-
tific and engineering research is still insignificant. In addition, the universities’ locus
at the center of political turmoil has negatively affected the university research
environment.

An interesting development to encourage science and technology activities has
been the development of Daeduk Science Town, 150 kilometers south of Seoul.
Government-funded and private research institutes have been encouraged to locate
there and the town will eventually include 40 institutes, including KAIST, with a total
population of 50,000.
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Appendix E
The United States of America

The history of U.S. science and technology policy since 1945 has been divided
into three periods by Harvey Brooks (1987): the growth period from the postwar years
through the mid-1960s, including responses to the challenge of Sputnik; the period
1965 to 1975, which included the Vietnam war, environment, and energy crises; and
the period from the mid-1970s to the present, during which the country has attempted
to meet the challenge of international competitiveness by creating a science and
engineering environment that stimulates technological innovation and commercial
exploitation. Each period has seen substantial changes in the political autonomy of
the scientific community (Brooks, 1987).

As the federal government gradually took on the role of principal supporter of
scientific research following World War II, the scientific community, at first suspi-
cious of potential bureaucratic intrusions into research prerogatives, was able to
negotiate the creation of structures that somewhat insulated them from federal control
yet provided ample support via federal contracts or grants. The establishment of the
Atomic Energy Commission as a civilian agency, for example, provided the vast sums
necessary for the continued growth of the physics programs in fission, fusion, and
high-energy accelerators. The establishment of the National Science Foundation
(NSF), under the administration of an autonomous National Science Board, gave the
university community a sponsor that shared its values and understood both the

importance of fundamental research, and the desirability of coupling research to
education and training in the university setting.

Support to science grew rapidly as the Cold War and the consequent arms race
stimulated R&D in all sectors. Universities became the largest performer of basic
research, supported first primarily by the various components of the Department of
Defense (DOD) and later by additional government sponsors including the Depart-
ment of Energy (DOE), the National Institutes of Health (NIH), and NSF. In some
instances, universities joined in consortia to operate major research facilities, begin-
ning with the Brookhaven nuclear research facility supported by the Atomic Energy
Commission (later, by DOE). NSF, explicitly barred from direct operating responsi-
bilities, has employed this university consortium approach in support of major
experimental facilities serving astronomy, atmospheric sciences, oceanography, and
deep-sea drilling (U.S. Congress, 1986).

The enormous growth of American health science research came as a response to
pressure from the public and, especially, from the Congress. NIH developed as a
highly plural sponsor, with both intramural and extramural research programs carried
out under the several institutes, each ostensibly oriented around the characteristics of
a different pathology and supplemented by an institute for general science. NIH now
constitutes the largest agency supporter of academic research in the United States.

Research in the industrial sector continues traditions established early in the 20th
century (by Thomas Edison, among others) as researchers worked in applied areas
related to the product lines of their parent corporations. Industrial labs have also been
responsible for basic discoveries in physics, chemistry, and materials science that have
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subsequently revolutionized industrial products and processes. Several Nobel prizes
have been won by scientists working at the General Electric Company and Bell
Laboratories, for example, and industry is now the principal performer of applied
R&D in the United States.

Of the total R&D performed in the industrial sector, the federal government
sponsors one third through contracts from various agencies. However, the require-
ments of government-sponsored work are generally so specialized, and the efforts at
technology transfer so ineffective, that the spin-off to civilian application has not been
commensurate with the enormous R&D investments made. Nevertheless, the few
examples of industries spun off from defense R&D are among the most competitive
of U.S. industries -jet aircraft being a notable example.

In the area of basic research, industry performs less than 20% of the national total.
The risks and gestation periods involved in bringing such research to commercial
fruition, together with the uncertain appropriability of specific research results, has
convinced many industrial organizations that investments in basic research do not
meet management’s rigorous requirements for short-term profitability.

The challenge of Sputnik led to widespread soul searching regarding the efficacy
of various approaches to restoring U.S. leadership. President Dwight Eisenhower was
persuaded to provide the institutional setting for improved coordination and advice
in the executive branch by creating the position of Science Adviser and the companion
President’s Science Advisory Committee (PSAC). Outstanding scientists, giving
freely of their time, serve on various committees that produce studies and reports on
problems and issues of national importance. This large external advisory structure,
drawn from the elite of the scientific community, gives coherence and consideration
to issues that had previously been handled piecemeal by rival bureaucracies.

Presidential-level structures have gone through many vicissitudes over the last
three decades. They were even abolished altogether in 1973 by the Nixon adminis-
tration. Congress later restored the Office of Science and Technology Policy (OSTP)
by explicit statute. Its director also serves as science adviser to the president and can
play as significant a role in national scientific leadership and coordination as the
president wishes and as the director’s personal credentials allow. Another mechanism
for coordination and cooperation between federal agencies, revitalized during the
Bush administration, is the Federal Coordinating Council for Science, Engineering
and Technology (FCCSET). Organized into various committees for focusing gov-
ernmentwide attention on particular issues, the council has been able to formulate a
number of coordinated, strategic plans for national efforts (Teich & Pace, 1986; U.S.

Congress, 1986).
Basic research accounts for some 12% of the total U.S. federal R&D effort. Almost

one half of this basic research is performed within the laboratories maintained by in-
stitutions of higher education. Although there are over 3,000 institutions offering
higher education in the United States, the 150 major universities with graduate depart-
ments perform the lion’s share of research. These universities, 35% of which are
privately supported, conduct the research in conjunction with graduate education. The
government-supplied individual research project grant is the principal mechanism for
supporting the basic research effort in the universities. The selection of awards is
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based on peer review of investigator proposals; graduate student support is provided
as a part of the research effort.

Universities themselves are supported by private and state sources as well as by
student fees; federal research grants partially cover research services and laboratory
instrumentation through authorized institutional overhead payments. The tradition of
carrying out basic research in the university has succeeded in producing distinguished,
pioneering scientific results and in maintaining a flow of young, well-trained, new
researchers. However, there has been growing concern that U.S. industry does not use
the results of this basic research effort in a sufficiently timely or innovative fashion.
To correct this situation, new alliances have been encouraged that bring industry into
closer relationships with universities, either through various industrial associate
schemes or through direct grants from and contractual arrangements with industry
(U.S. Congress, 1988b). Academic entrepreneurs in the United States also have vital-
ized the information technology and biotechnology domains, greatly adding to the
dynamism and competitive spirit distinguishing those sectors. And finally, the Fed-
erally Funded Research and Development Centers (FFRDCs) operated by universities
or associated nonprofit consortia under contract to the federal government are
intended to offer a flexible and attractive research environment not always found in
government structures.

In sum, basic research in the United States takes place in a wide spectrum of
organizations, supported by many different sponsors. This pluralistic system encour-
ages diversity, and the system of grants and contracts, selected on merit, allows sci-
entists relative autonomy in choosing research topics and conducting research. Much
credit for the accomplishments of the U.S. scientific community -beyond that due to
the pioneering creative efforts of individuals-can be traced to this generously sup-
ported, pluralistic research environment.
A major NSF initiative, reflecting both the industry-engineering background of its

previous director as well as a response to the pressures to have the NSF double as a
National Technology Foundation, has been the creation of interdisciplinary engineer-
ing research centers, devoted to various promising fields of applied research. An
innovative aspect of these centers is the requirement for industrial participation, both
as a supporter and a participant. This industrial participation is expected to speed use
of results as well as to offer access to state-of-the-art instrumentation. It is also likely
that the close working relationships between faculty, students, and industrial research-
ers, will lead to various opportunities for potential employment or consulting and will
encourage the industrial participants to act as gatekeepers to expedite communication
of nascent research results to their industrial development organizations. Examples
of these centers include the Center for Ceramics Research at Rutgers, New Jersey;
the Center for Integrated Systems, Stanford, California; the Manufacturing Engineer-
ing Applications Center, Worcester Polytechnic, Massachusetts; and the Robotics
Research Center, University of Rhode Island (National Science Board, 1982).

The industrial associates schemes at many universities also offer industrial partic-
ipants an efficient overview of university research programs, tailored to their own
corporate interests. These programs, arranged on a payment of membership fee, are
open to foreign as well as to domestic industrial organizations. Proceeds of such
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programs are generally returned to the research programs of faculty participants. Other
types of university-industry couplings include the establishment of &dquo;parks&dquo; in close
proximity to university sites and the establishment of incubator departments on cam-
puses to aid newly established firms to cope with the details of entrepreneurial prob-
lems. Industrial sponsorship of university research has also been growing; some firms
have underwritten entire research departments or even institutions (Dimancescu &

Botkin, 1986).
State governments play an increasingly significant role in encouraging university-

industry cooperation, partially because of their role in support of university operations
but also because they regard it as a plausible route to regional development. Industry
is attracted by the intellectual and skilled work force potentials of these sites. The
movement toward a greater industrial presence on U.S. campuses has not been without

problems, however. The very principle of shifting priorities toward the pragmatic
goals of placing science in the marketplace, rather than maintaining the traditional
university goal of knowledge for its own sake, draws heated debate. A related concern
stems from the conflict between the basic university need for free and open access to
knowledge in the spirit of education and scholarship, as contrasted with the needs of
industry for proprietary controls to assure the appropriability of intellectual property
(Dickson, 1988).

The federal in-house laboratories perform about 15% of the basic and applied
research in the United States. Recent changes in the law now permit the granting of
exclusive licenses for government patents stemming from in-house R&D to cooper-
ating industrial groups. The legislation also provides generous incentives to encourage
government laboratory investigators to help participate in the commercialization of
their research findings. In addition, the Bush administration has appointed a Federal
Laboratory Consortium to promote cooperation between industry and the federal
laboratories (OECD, 1989a).

The issue of technological competitiveness for future economic security has come
to dominate all aspects of the U.S. R&D enterprise (Botkin, 1982; Norman, 1981;
Report of the President’s Committee, 1985; Roy & Shapley, 1988; U.S. Congress,
1988a). Institutional and organizational changes as well as priorities for allocation of
resources are all being judged by their potential for improving the U.S. competitive
position. So far, the U.S. government has resisted both protectionism on one hand and
an industrial policy that would subsidize certain chosen industries (&dquo;choosing win-
ners&dquo;) on the other. Instead, the government has attempted to stimulate R&D through
direct support or through changes in the tax and regulatory environment, intended to
encourage industrial enterprise. Maintaining its faith in the market approach, the U.S.
government has negotiated in bilateral and multilateral fora for reciprocity of market
access and for respect for intellectual property rights, to provide a favorable interna-
tional environment for U.S. trade and investment.

Direct cooperation between industrial organizations for the joint conduct of R&D
is a relatively new phenomenon in the United States. Because of the strong antitrust
legal restrictions with threats of large penalties to violators, industrial organizations
have remained aloof from one another, thus observing both the spirit and the letter of
the law. Their technical staffs have been limited in communication to participation in
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the neutral activities of professional scientific and engineering organizations. The
National Cooperative Research Act, passed in 1984, legalized joint research consortia a
among industrial members. Since then, some 60 consortia have been established,
including the pioneer Semiconductor Research Corporation and the Microelectronic
and Computer Technology Corporation (Petit, 1987).

Additional measures have been taken to stimulate more industrial R&D. The

Economic Recovery Tax Act of 1981 contained an incentive for investors to increase
corporate risk taking by providing for a 25% tax credit on increases in R&D expendi-
tures. This credit was extended but reduced to 20% in 1986. Qualified research is
defined as research involving a process of experimentation undertaken for the purpose
of discovering information that is technical in nature and intended to be useful in
developing a new or improved product or improvement in manufacturing processes.
This latter area is often underestimated in academic research, but it is highly signifi-
cant in the commercial context, both in cutting the time to get an improved product
to market and in determining cost and quality. The recent cooperative effort to create
Sematech, with government assistance from the U.S. Department of Defense, was

justified on the basis of achieving more advanced national semiconductor manufac-
turing capabilities.

Research Administration

and Resource Allocation

U.S. R&D expenditures amount to 2.8% of GNP. The total national expenditure
for military and civilian R&D exceeds the combined totals of FRG, France, Japan,
and the United Kingdom. The U.S. government accounts for one half of the total; the
other half represents expenditures by industry. For civilian (i.e., nondefense) research,
the national R&D effort amounts to 1.8% of GNP, placing the United States in the
medium level among other industrialized countries.

Basic research amounts to 12% of the total national R&D effort. Almost one half

of the total basic research effort is performed in higher education institutions; another
10% in FFRDCs administered by universities or nonprofit corporations. Industry
performs the second highest amount of basic research, accounting for 19.4%, which
in turn represents only 3% of the total R&D carried out in the industrial sector. The

federal government’s intramural laboratories perform 15% of the total basic research
(National Science Board, 1987, 1989). Federal support for basic research is funded
principally from the budgets of five federal agencies, which account for 90% of total
funding: the Department of Health and Human Services (primarily the National
Institutes of Health), 37%; NSF, 18%; Dot, 13%; DOE, 12%; and the National Aero-
nautics and Space Administration (NASA), 10%.

The provision of research support to the universities is made primarily through
grants for specific proposed research projects approved by government authorities on
the advice of selection committees or individual peer reviewers. Although the peer
review system has worked well and receives general approbation, there is still debate
over the need for grant administrators to use their own professional judgment and to
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allow for such other evaluative factors as the investigator’s &dquo;track record&dquo; (as
evidenced in previous research accomplishments and publications) or potential of
innovative proposals that may involve some intellectual risk or that challenge old
models but promise breakthrough possibilities.

Priorities for the allocation of resources for research naturally vary with agency
mission. Changes in long-standing support patterns are disruptive. The easiest path,
when increasing budgets obtain, is to use the principle of &dquo;enlightened incremental-
ism,&dquo; that is, to provide across-the-board, general increases, while reserving major
increases for those priority areas considered particularly promising or relevant.
Nevertheless, on occasion, reductions do have to be made and some dropouts occur.
Under the U.S. pluralistic support system, sometimes another sponsor can be found
when research support is reduced or discontinued. This was the case when NSF
assumed funding for the university materials research laboratories, which was origi-
nally created under the auspices of the Defense Advanced Research Projects Agency
(DARPA) and which provided the successful general model for interdisciplinary
research laboratories.

Policy Advice

The U.S. research system includes many different mechanisms for planning and
coordinating this pluralistic and autonomous effort. The scientific community itself
participates in the public debate on priorities through professional societies. Advisory
committees to the various mission agencies play important roles in providing inputs
to the priority and budget planning efforts of agencies, from the vantage point of
technical community consensus. The National Science Board (NSB), the NSF’s
statutory policy-making board, is responsible for compiling indicators of inputs to the
research enterprise as well as indicators representative of outputs such as publications,
patents, and so forth. The NSB and NSF frequently commission topical reports on all
aspects of the scientific enterprise, including international cooperation, science and
engineering education, and university-industry cooperation (NSB, 1987, 1989). The
director of OSTP has responsibility also for long-range reports for science and
technology planning, as well as for various annual reports on federal agency accom-
plishments.

The role of the NAS-NAE-NRC (National Academy of Sciences-National
Academy of Engineering-National Research Council) complex, in both policy for
scientific and engineering research and in the use of scientific and engineering
knowledge in public policy-making, is valuable to government and to the public
sector. The NAS, a private organization with a congressional charter, has no labora-
tories or research management responsibilities, but it has been able-by virtue of a
prestigious membership and a solid reputation- to attract the talents of top scientists
and engineers to serve purely as public-spirited volunteers on a wide variety of
advisory panels. The NAS uses contracts funded by sponsoring government organi-
zations to bring together balanced teams of experts, supported with full-time staff, to
study all phases of a national issue related to science or technology. The U.S.
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government has also come to depend on disciplinary surveys undertaken by the
academy to provide long-range appraisals of promising research frontiers and a
consensus on needed new research facilities, in priority rank.

Four organizations provide in-house advice to the U.S. Congress: the Congres-
sional Research Service of the Library of Congress; Congressional Budget Office;
General Accounting Office; and Office of Technology Assessment (OTA). Each group
provides reports and conducts studies at specific congressional request. OTA, in
particular, focuses its work on issues relating to the impacts of science and technology.
Its longer term forecasts and politically bipartisan evaluations of sensitive issues, such
as competitiveness, technology transfer, and the employment and other societal
impacts of technology, are based on broad multidisciplinary analysis and wide
consultation with the &dquo;stakeholders&dquo; directly affected by and knowledgeable about
each issue. This structure makes these analyses of exceptional quality and virtually
unique.

Note

1. Since the reunification of East and West Germany, there have been major perturbations
in the science and technology infrastructure of the former German Democratic Republic, as a
qualitative assessment takes place. The economic requirements of absorption have also forced
cuts of about 2.2% in the overall German science budget.
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