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Summary

Science and technology policy covers all the public sector measures designed for the
creation, funding, support, and mobilization of scientific and technological resources. It
covers a very broad range of knowledge producing activities. Definitions of the research
endeavor abound and they depend upon the practical social, political, and economic
context where they come from. This article presents basic definitions, as well as
outlining the main changes that have modified the demands made on science and
technology in the recent decades. A new institutional and economic framework has been
set up where knowledge becomes the most important resource: the ways science is done
and the way policy is conceived have been profoundly modified by a more direct and
aggressive participation of the private sector, new perceptions of the role of the
environment, the more active participation of the public in decision-making,
networking, and the globalization of the economy. This context, where public and
private research activities are closely related, represents a fundamental change in policy
making motivations and needs. A brief historical evolution of S&T policies is presented
before sketching the main actors that perform research, the policy making bodies, and
the domains of intervention of public authorities. Innovation policy, which is now a
central concern for policy makers, is also presented, since science, technology, and
innovation are much closer today than they used to be. The international dimension of
S&T policy is underlined. The theme article of this section of the Encyclopedia
concludes with some possible future directions in S&T policy.
1. Introduction
Science and technology policy covers the public sector measures designed for the
creation, funding, support, and mobilization of scientific and technological resources.
S&T policies cover a very broad range of knowledge producing activities. These include
public but also private sector activities, research as well as productive activities. The
scope, aims, subjects, and mechanisms of S&T policies have varied widely over time.
This theme section of the EOLSS will try to give a broad overview of the main issues at
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stake today and some understanding of the evolution of S&T policies. It will review the
role of performers and policy making bodies, and the policy making processes. It will
emphasize the radical changes that we have experienced in the last years which have
profoundly affected the making of these policies, rather than proposing a collection of
precise recipes on how to manage science and technology.
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We have also opted in this theme introduction not to present detailed statistics to show
the importance of the scientific or technological activities, but more precise indicators
can be found in the articles that follow. We invite the interested reader to refer to the
publications of UNESCO and the OECD. Among the best statistical presentations of the
state of science and technology are the Science and Engineering Indicators 2000 of the
National Science Foundation (USA) and the Indicateurs 2000 of the French
Observatoire des Sciences et des Techniques (OST), which are essential for precise
overviews (see Bibliography).
2. Questions of definitions

Questions of definition are a highly academic exercise. But, as Lewis Branscomb states
in Investing in Innovation:

they lie at the heart of public policy debates about technology policy, not only because
science is both a source and a product of technology, but because the boundaries
between research that leads to new technical knowledge and research that leads to
scientific understanding are obscure and often misunderstood. Before one can create a
policy for public investment in research, one must know more about the goals of the
work, who its intended beneficiaries might be, and how these results might reach those
who can use them beneficially. These are the attributes that should determine the role of
government in funding technical work, not the narrow distinctions between science and
technology.
2.1. Science and technology, R&D, and other statistical categories

In the science policy literature, the usual definitions and distinctions between various
types of scientific activities serve mainly statistical purposes. Manuals such as the
Frascati Manual produced by the OECD, the Science and Technology Policy Manual of
UNESCO, or policy documents of NSF present these definitions in some detail. Suffice
to say here that all these manuals accept that research and development (R&D)
comprises basic research, applied research, and experimental development. When
looking at a scientist at work, however, it is quite difficult to know the exact brand of
research he is involved in, and it is not really necessary to distinguish one type from
another. As the Frascati Manual remarks, the only criterion that distinguishes all R&D
from other technical activities is that the former contain some novelty, the degree of
which varies from case to case.

Science and technology refers here to all technical and knowledge production activities,
whether novel or not. Scientific activities are mainly aimed at producing organized
knowledge about physical, chemical, and natural phenomena. It is difficult to give a
definition because science is a polysemic word with a long history, covering multiple
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types of activities. Compare the work of a botanist, an archeologist, a nuclear physicist
or a statistician. All differ in the object of research, its scope, and concepts.
Epistemology has tried to give precise definitions of what is scientific and what is not.
The question seems somewhat pointless, and there is no real need to proceed to this
boundary definition work. In fact, scientists at the frontiers of knowledge constantly
redraw the boundaries of what belongs to their domain of competence and what does
not. For the policy makers, it suffices to note that this boundary work is unfolding all
the time and that these boundaries may be moving. Policy is also about boundaries of
competencies and means that are mobilized. Policy makers and scientists alike now
accept this fact and no one can claim to have absolute truth or be entirely in the right
when controversies or conflicts of interests appear.
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“Research and development” (R&D) refers usually to research, both basic and
applied, and technological development activities in the sciences and engineering, as
well as in R&D plants in businesses. The term is commonly used to refer to research
activities in firms. Some institutions, for instance the European Union, prefer to use
the abbreviation RTD.
Research is systematic study directed toward fuller scientific understanding of a
subject. It is commonly classified as either basic or applied research, on the basis of
either the objectives of the work done, or the objectives of the institution that carries
it out or the agency that sponsors it. The latter approach to distinguishing between
basic and applied research appears more realistic, because in practice it is difficult to
distinguish them. None the less, definitions proposed by the Frascati Manual or the
American Association for the Advancement of Science (AAAS) – to take only two
examples – insist on defining the nature of the research activity by its purposes and
objectives.
In basic research the objective of the sponsoring agency is to gain fuller knowledge
or understanding of the fundamental aspects of phenomena and of observable facts
without specific applications toward processes or products in mind.

In applied research the objective of the sponsoring agency is to gain knowledge or
understanding necessary for determining how a recognized and specific need may be
met.
Development is the systematic use of the knowledge or understanding gained from
research for the production of useful materials, devices, systems, or methods,
including design, development, and improvement of prototypes and new processes.
It does not include quality control, routing product testing and evaluation.
Source: adapted from the OECD Frascati Manual and definitions proposed by the
National Science Foundation, Federal R&D Funding by Budget Function Fiscal
Years 1994-96, NSF 95-342, 1995, and other NSF publications.
Box 1. Definitions of research
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Technology is knowledge produced around technical artifacts. The most elegant
definition of technology is probably this: “practical knowledge.” Rather than looking for
a precise definition, it is more useful to see what technology is composed of. It
comprises three interdependent components: i) material artifacts, usually machinery and
pieces of equipment, that are used as tools; ii) knowledge and information on the
productive processes where this equipment is used; and, iii) people – “human
resources,” that is technicians, engineers, workers, scientists – who operate the
equipment and put the practical knowledge into action. Technology is neither
exclusively hardware, nor exclusively software; it is a combination of software,
hardware, and discourse (logos) that ties these elements in practical processes. Not all
the knowledge produced is explicit. Technology always contains tacit knowledge, that
is, knowledge embedded in the hands and the minds of people who use the technical
artifacts. This “tacit” component is usually rather important as without it one does not
have a clue to the correct use of a piece of equipment or a software.
Today the more sophisticated technologies need more scientific knowledge. For
example, biotechnologies, polymeric materials, and automated equipment all need a
fine-grained knowledge of chemical reactions, processes, biological functions, and
software development. Some scientific disciplines are mainly built on disciplinary
boundaries. Research laboratories that work on medical imagery for example would
combine physics, biomedicine, engineering, and informatics. New technologies include
large amounts of tacit knowledge, that is, know-how acquired through use. This
boundary research, which we might call “basic technological research,” turns out to be
more common and more important than “basic” or “applied research.”

Innovation is an entirely different matter. Innovation is the introduction of a novel
product or process (and can also relate to organizational matters). Innovation mainly
occurs in enterprises, although various types of actors might be associated to it. But the
single most important feature of innovation is that it is an economic process. It does not
rely exclusively on research but makes heavy use of it. According to the 1994 survey of
innovative companies in the United States, 84 percent of all innovators undertook R&D
in 1992, and 91 percent of innovators plan to do so during 1993–5. Innovators report
similar figures in all countries. But managing innovation does not just mean managing
R&D. It also includes other activities that are complementary to it, and might draw its
energy from sources other than R&D. In fact, versatility and diversity of sources are
intrinsic to the innovation phenomenon. Successful innovations combine R&D and
other activities such as sound management practices and strategic analyses that allow
innovators to visualize simultaneously their market positions and technical possibilities.
2.2. The multiple dimensions of the research endeavor
S&T can no longer be considered as unidimensional activities. It is possible to
distinguish the different roles of research, the value given to their production and the
logic they will follow. Scientists and scientific teams can act in various ways.
1.
They produce scientifically certified knowledge. Scientists follow the logic of
scientific competition and seek scientific recognition; the value of their knowledge –
originality, quality, and so on – is certified by their peers.
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2.
They participate in productive activities. Scientists engage in economic activities
and their work will be linked to innovation and technology diffusion.
3.
They participate in general interest activities, where the objectives of their
research are neither purely scientific, nor purely economic. Political judgment is what
gives value to this kind of research.
4.
They are involved in training at universities or research centers. This activity,
usually mandatory for university researchers, follows the logic of the educational
system.
5.
They can diffuse knowledge to the general public or carry out expertise
functions for specific publics. The value of knowledge depends on the public that is
targeted, and the way scientists will exercise their expertise will be very much
dependent on the activity (for example participation in environmental activities or in
scientific museums and exhibitions, writing articles for the lay public, testifying for a
tribunal or an inquiry committee). It should also be emphasized that scientific
knowledge is more and more called in by the judiciary.
Scientists can act in all these possible knowledge-producing dimensions. They can, on
the other hand, perform only one of these roles. Frequently, however, research needs to
act in at least two of these dimensions. It is important to stress that these are
interdependent activities. Even though an individual can decide to specialize in a
specific topic and in a particular dimension, a larger understanding of how research is
performed, used, and supported needs to focus on all these dimensions. This goes
beyond the usual distinction between basic, applied or technological research. It even
goes beyond the distinction between academic or innovation activities, which are
usually seen as opposed.
2.3. The real scope of science and technology policies

The spectrum of possible domains of intervention for public policy is wider than mere
support for research laboratories owned by the state. Science policy is more than the
management of R&D, just as innovation is more than simply fostering R&D activities in
firms. The management of an innovation policy or the design of a scientific policy will
differ, and they need to be considered as complementary activities. All these different
activities concern knowledge production, which is the core objective of S&T policies.
Knowledge production is not limited to research laboratories. Schools, firms and other
institutions produce, use, and pass on knowledge. The dissemination of knowledge
relies in its absorption and mastering by those who learn from it by using it. Technology
transfers, schooling, and education, the development of the informational infrastructure,
access to sources of information are all essential aspects for knowledge production.
Thus S&T policies need to facilitate knowledge diffusion.

Knowledge is always produced by interacting social actors. Its creation does not depend
only on science, nor solely on technical know-how. It depends on the links that may be
forged and developed between different sorts of users of a particular knowledge. A
“knowledge base” is always a set of interactions. Thus, science and technology policy
always concerns the management of extended techno-economic networks. It has to
understand and manage the interconnection of scientific and technical capabilities,
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taking into account economic and technological constraints. This co-ordination work
has become crucial in areas such as the management of scientific information databases
and of useful data, the definition of quality and security norms, the establishment of
sound design principles in technological and scientific matters, and more generally the
normative and regulatory action of authorities with regard to knowledge and its use.
3. The new social and institutional framework
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Research has changed because the institutional environment has been profoundly
modified. In recent years, many authors have tried to understand the meaning of these
changes; they have designated the new mode of knowledge production as “mode 2”, as
opposed to the older mode of knowledge production or “mode 1.” The background
document of the UNESCO World Conference on Science in the Twenty-first Century
also tried to understand the implications of these changes for policy, mainly from the
perspective of scientists, and produced an agenda for a new social contract between
scientists and society (see Annex: A New Social Contract for Science). We will review
some new factors that directly affect science policy making before sketching an
overview of the historical evolution of the science policy making processes.
3.1. Science and technology as closer endeavors

Scientific discoveries are occurring ever more quickly and modes for producing new
knowledge are changing, thereby making the use of technology in knowledge
production more necessary than ever before. The development of technological
innovation is increasingly dependent on scientific discoveries. New “generic
technologies” in the realms of information and communication, biotechnology, energy,
and new materials have appeared. These technologies rely heavily on automation, basic
scientific research (also named “basic technological research”), and innovative skills.
Specific leading industrial sectors are concerned with these technologies and are usually
identified by catchwords such as “high-tech industries” or “strategic sectors”:
aeronautics, electronics, pharmacy, electrical equipment are among the more important
ones, and, to a lesser extent, the automobile and chemical industries. The sectors that
consume the greatest amounts of “high-tech” goods are education, communications, and
information. In recent years the high-tech industries have been the major exporting
industries: they represent more that 37 percent of the exports of the United States, 36
percent of Japan’s, 32 percent of the United Kingdom’s, and between 21 and 25 percent
of the exports of France, the Netherlands, Germany, and Sweden. The OECD claims
that 50 percent of gross domestic product in the major OECD economies is now
“knowledge based.”
These changes have blurred the traditional distinction between science and technology.
This affects the approach to policy making on transfers of technology from research
environments (laboratories and research institutions) to productive environments
(enterprises). We used to think of this relation as linear, with the development of
productive innovations and new technologies following a temporal sequence that begins
in research activities, continues through a phase of product development which then
leads to the potential production and marketing of innovative goods. In this linear model
science precedes technology, which in turn precedes innovation. The model has been
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profoundly challenged and an alternative interactive model has been proposed, based on
the idea that the relations between knowledge production and the end-users (be they in
the markets or elsewhere) are more important than they were. At each step of the
process of innovation, outcomes are uncertain. Central to the success of innovation is
the continuous interaction between marketing and the invention of new designs.
Innovation may rely on new uses of an old technique, it may come from research results
or it may emerge from technological problems that need to be solved. All of these at
some point need an interaction with users in the knowledge process. R&D needs
continuous feed-back from productive areas. The way a new idea or a new artifact will
be received has a long-term effect on its further form and uses.
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The implications for research are important as soon as we take into account this nonlinear model of innovation. R&D appears as a complex activity, basically relying on
frequent interactions between research, technology, and markets. S&T policy must
therefore enhance this continuous interaction between those who conceive and those
who use the technologies.
-
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