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Summary

The increasing relevance of science (and technology) for development has raised the
interest in the process of evaluation of research and its impact. The concept of research
as well as evaluation practices has been experiencing an evolutive process leading to the
merge with other concepts — technology, industrial development, innovation.

The influence of European institutions has been decisive in fostering the application and
development of evaluation methods and practices to public policies, and among them to
research and innovation policies. Some of these forms of evaluation are presented in
relation to the different types of research programs and activities. Some innovative
approaches based on new models have been developed to take into account either the
role of research laboratories (the ‘compass-card’ model), the societal quality of research
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or the functional performance of research programs (the ‘transducing model’). Some
case studies are discussed to illustrate these approaches.

The comparative perspective with respect to the situation of research evaluation in the
United States reveals the dynamics of that process with respect to the increasing need
for accountability of science towards society.

1. Introduction

Science and technology are instruments of increasing strategic value in society for the
attainment of wealth and for enabling competitiveness in a globalized world. Changes in
the economic context influence the performance of science and technology. Important
social changes are occurring in the developed world in the transition from a production
to a services society, which open new challenges in several areas of science and
technology. An important consequence of this situation is the changes taking place in
the design and assessment of science policy. The principle articulated by Vannevar
Bush that basic research and its practical benefits ‘accrue to society through an
apparently unrelated process’ is questioned every day. The performers of basic research
have to demonstrate user relevance, relationships with industry or the utility of their
work.

Evaluation has become a critical factor since government sponsors are calling for
greater accountability on the part of researchers and they are looking for funding
research areas and projects of strategic relevance. In spite of this trend, evaluation is still
showing its limits as the indicators and methods applied to evaluate science and
technology outputs and their effects on innovation, are still based mainly on the concept
of linearity implied by the principle mentioned by V. Bush. The bibliometric methods
used to measure scientific and technological production, i.e. scientific articles and
patents, concentrate on productivity. The economic and human resources devoted to
science and technology are viewed as inputs into the system. This output/input model of
evaluation is leaving aside an assessment of the interactions between science,
technology and innovation and their actors. Such a model, inspired by econometrics,
does not underscore the role of human players in the process of generation and use of
knowledge, as well as the influence of cultural values and the environment on it.
However, citations and referencing data have been used in some fields like
biotechnology and biosciences to detect the links between science and technology.

In the present review, we describe the trends orienting the (new) science and technology
policies and report the efforts undertaken by different countries and institutions to adapt
the evaluation practices to this new context.

2. Basic Definitions of Research and Evaluation Methodologies

The concept of research is as old as science, but has experienced an important
evolutionary process as it merged with other concepts, such as technology, industrial
development and innovation. This combination took place when it was recognized, after
the two World Wars, that research and development are essential in an industrial
production system.
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Therefore, research and development (R&D), a concept unheard of until the fifties,
became a universal watchword in developed countries. Consequently, a series of
indicators providing some grounds for assessing research performance and development
needed to be established. Moreover, the efforts to promote R&D activities were shared
by different institutions: government, business, and higher education, in such a way, that
these three sectors were incorporated into the statistics which accounted for expenditure
efforts (economic and human resources) and so were their results (outputs such as
scientific production and patents).

The way in which R&D performance was understood and measured, came from an
interpretation of the intimate relationship between research and subsequent development
and how they intervene in a pipeline leading to industrial production through
innovation, starting from a laboratory discovery, through prototype production or
manufacturing start-up, to full-scale production and market introduction. However, the
difficulties to correlate the R&D efforts in a direct and simple manner with the
innovation practices and market successes has led to a shift from the linear
interpretation of the R&D influence on industrial production to a more systemic one.

Evaluation practices experienced a similar evolutionary process, starting with the
traditional ‘peer-review’ system applied by the scientific community to assess research
projects, to the need to evaluate the strategies of integrated goals through programs
usually designed and funded by governments.

In order to be able to approach a review of the different evaluation practices and their
influence on the different instruments used to promote research and development it
seems logical to point out some definitions and to check them against the evaluation
methods currently used for each one.

Innovation might be defined as the application of an invention at any stage of the
production process, either in the technical or in the organizational patterns, addressed to
a significant market need. Innovation outcomes are difficult to measure and the current
trend is to assess the innovation capacity of a firm through a survey which employs
quantitative and qualitative methods.

Research is the process of careful, focused inquiry, frequently carried out by trial and
error. As a result of the evolutionary process of understanding and measuring the
research procedure, several distinctions have emerged throughout the 20" century.

Basic research is defined as the research process carried out by scientists and
collaborators who lack a conscious goal, other than the aim to unravel nature’s
properties and components. Basic research has sometimes been referred to as ‘pure’
research, but this term misses the fact that a research program’s objective might be to
address issues on technology, or problems that may be of interest to the government
(health, environment) or a given industry (information technologies, pharmaceutical
laboratories).

Usually, basic research is funded through calls from the public sector and the funds are
allocated following the evaluation of the projects presented by the researchers. This
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process of ‘ex-ante’ evaluation is carried out by experts, the ‘peer-review’ system,
performed anonymously and free of external influences. The acceptance of the idea that
research is influencing economic and social development of the nations has led to some
reshaping of the “peer-review’ system. In the European Union research, the peer-review
system is applied with some modifications: a) the individual evaluations are carried out
independently, but in the Commission headquarters; b) these evaluations are contrasted
and discussed jointly with a panel made up of three or four independent evaluators who
have previously assessed the project; this leads to a ‘consensus’ evaluation. In the
United States, some agencies, such as the National Health Institutes, are considering
including some non-experts into the review process. The debate remains open on the
pertinence and qualification of these modifications of the peer-review system.

Basic research has been unable to escape from the increasing demand of accountability.
The outcomes of this type of research are scientific publications. Bibliometrics has
evolved as the methodology chosen to carry out ‘ex-post’ evaluation of these research
activities (see Bibliometrics and Institutional Evaluation).

Applied research addresses the results of basic research to a point where they can be
used to meet a specific need or, alternatively, it attempts to solve a specific problem
through research. Applied research can be funded in different ways: a) as in the case of
basic research, by calls from public agencies which base their funding decisions on the
expert evaluation report. These calls may be part of independent research projects or of
a research program; b) by calls from public agencies related to the attainment of specific
objectives of a research program; c) from industrial requirements through contracts.

‘Ex-ante’ evaluation of applied research projects from public calls follows the same
pattern as basic research evaluation, although the need for reshaping the ‘peer-review’
system appears more obvious for this type of research. As a matter of fact, even critics
of this reshaping in the case of basic research, may accept it for this type of research
activities. The research carried out by industries may be evaluated by experts, internal
or external to the companies, depending on the firms’ strategies. The current trend is to
apply evaluation procedures in most cases as companies are becoming more familiar
with the practices followed by the scientific community.

The ‘ex-post’ assessment of the outcomes of applied research may be supported by
combining the measures of bibliometric outputs with the information from surveys
addressed to the stakeholders whose interests should be met by the research in question.
A pressing problem stems from how to include, among the merits of researchers from
the public system, the results of the research they have carried out while under contract
with industries.

The development stage of R&D refers to the steps required to bring a new or modified
product into the market. There are no specific methods to evaluate this part of the R&D
process, except in what is related to aspects of dissemination and utilization of the
results of the research process. In general, this aspect of the R&D fits the philosophy of
a research program better than that of isolated research projects.
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Research Program has emerged as a way of gathering the tools necessary to attain
specific goals through research. A research program usually reflects an agency’s
strategy, either public or private, to fulfil the aims of a given policy. There are several
ways in which a research program can be launched, and each of these can be evaluated
‘ex-ante’ by different mechanisms, essentially resorting to experts resources. The
strategic value of a ‘research program’ and its complexity, as well as its relevance for
the implementation of scientific and technological polices, has raised the interest for the
‘ex-post’ evaluation of research programs and their outcomes. The idea of ‘strategic
research’ has co-evolved, along with the concept of ‘research program’. The notion of
‘strategic research’ was coined in order to qualify research activities dedicated to
providing knowledge and/or techniques for solving problems of (social or industrial)
relevance.

3. Relationship between Science Policies, Promotion and Management of R&D
Activities

At different times throughout the history of science and technology, several types of
science policy models, which emphasize different criteria and methods for the
evaluation (‘ex-ante” and ‘ex-post’) of research activities.

The different types of science policy present throughout the second half of the twentieth
century can be summarized as follows.

3.1 Policy for Science

Policy for science began after the Second World War with support from political and
expert leaders of the United States (President Roosevelt and engineer Vannevar Bush).
This policy was essentially aimed at fostering research through government funding.
This aim was achieved through research projects and public calls. Evaluation was
strongly rooted on the ‘peer-review’ system on the basis of the principle of ‘self
autonomy’ of the scientific community.
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