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Preface

This report is one result of the initial, preparatory studies which are being done at

N IFU within the fram ework of a new strategic research programm e on “Profiling

O utput in N orwegian Research” (1998 - 2001). The program m e is initiated to

enhance inform ation and knowledge on the output and effects of N orwegian

research. The program m e is financed by the Research Council of N orway.

Together with a report to be published shortly on output profiles in the N orwegian

research institute sector, this report provides part of a state-of-the-art assessm ent of 

the area of R&D output indicators, discussing i.a. the opportunities, challenges and

problems raised by these kinds of output indicators and analyses. 

O slo, D ecem ber 1998

Petter Aasen

D irector
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Research D irector
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Introduction

Traditionally the m ajor area for indicators in science policy has been related to the

input side, for example indicators on R&D expenditures and R&D  personnel. The

last two decades, however, there has been an increasing focus on developing

indicators for m easuring the output of science and technology. This report

attem pts to give a general overview of the situation concerning science and

technology (S&T) output indicators, both in an international and national context. 

The study of the results and effects of R&D m ay involve both quantitative and

qualitative approaches. As the title suggests, this report will m ainly concentrate on 

quantitative studies on the output of R&D. Furtherm ore, the m ain focus lies on

indicators related to the m acro level, that is, m easurem ents and analyses of the

results of R&D  on a national level. Both science and technology indicators are

included. The m ain focus will, however, be on science indicators related to the

results of basic and applied research, not on indicators of technological output.

The first chapter of the report gives a general overview of the different types of

S&T output indicators. In Chapter 2 som e exam ples of the use of S&T output

indicators in science policy are further described. In particular, this chapter

discusses the possibilities and the experiences of such kinds of applications of

indicators. Chapter 3 contains a short description of previous studies in the area of

S&T output indicators in N orway.

6
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1 Science and technology output indicators – a general

overview

1.1 Introduction
G enerally speaking, science and technology indicators are developed on the basis of

quantitative data on different aspects of the research and innovation system . As

indicators they are norm ally used for the purpose of m aking com parisons, for

example between countries or sectors and across several years. Thus a typical

example will be how the national research perform ance is com pared to other

countries. Inform ation and knowledge of the S&T system  are necessary for m aking

strategic decisions in science policy, and in this respect indicators are one of the

m ain sources of information.

The O ECD  has had a key role in developing S&T indicators,1 particular on R&D

resources. An im portant result of this work has been an  international standard for

m easuring R&D  resources, the so-called Frascati Manual (OECD  1994a, first

published in 1963). Since the 1960s an increasing num ber of techniques for

m easuring different aspects of the science and technology system  have been

developed. W hile the Frascati Manual m ainly has been, and still is, devoted to input

indicators, for example indicators on expenses on R&D  and R&D  personnel, a

growing interest has been directed towards indicators on the results of R&D , in

particular during the last 10-15 years. O ne im portant field has been the study of

scientific publishing and the developm ent of bibliom etric indicators. Another

im portant source of inform ation has been surveys on innovation activities. A

standard for innovation surveys was first published in 1992, known as the “Oslo

M anual” (O ECD 1997a).

In addition to the OECD , the N ational Science Foundation (NSF) in the USA has

been an im portant organisation regarding the developm ent of S&T indicators. In

1972 the first report on science indicators was published by the N ational Science

Board (Cozzens 1997). The basic idea behind the report was to give an analytical

quantitative description of the US science and engineering system . The report has

continuously been further developed, and now contains indicators on a wide range

of areas, including education, R&D  resources, collaboration, technology and the

public understanding of science (N ational Science Board 1996; N ational Science

Board 1998). Sim ilar reports are now issued in several countries, including N orway

(N orges forskningsråd 1997).

1    In the report the terms “R&D indicators” and “S&T indicators” are used more or less synonymously. However, it

should be recognised that the term S&T indicators normally would have a wider range than R&D indicators

(because technology and innovations are not necessarily a product of R&D). 
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G reat Britain, the N etherlands, and G erm any are other exam ples of countries that

have played a prom inent role in the developm ent of S&T output indicators. To

m ention a few organisations, the Centre for Science and Technology Studies

(CW TS) in the N etherlands has had a leading role in the developm ent of

bibliom etric indicators. SPRU at the University of Sussex, PREST at the University

of M anchester, M ERIT at M aastricht University, and the Fraunhofer Institute in

Karlsruhe, are other prom inent groups in the area of S&T indicators (for a further

review see e.g. Barré 1997). The last 10 years S&T studies have also been developed

by the European Com m ission, and two indicator reports have so far been issued

(European Comm ission 1994, European Com m ission 1997).

The increasing interest in science and technology indicators is related to several

changes in science policy the last decades. O ne im portant factor since the 1960s has

been the general dem and for inform ation and knowledge which could give policy

decisions related to science a rational basis (see e.g. Edge 1995:7). 

M ore generally, there has been a requirem ent from  governm ents for greater public

accountability in all areas of public expenditure, including science. W ith this com e

dem ands for evaluation and for perform ance indicators to assure governments that

public m oney is being well spent.  

In addition, stronger strategic planning of scientific activities has been necessary in

m any countries. M any industrialised countries are witnessing increasing constraints

on public expenditure, also on expenditures on research. In consequence, it is

becom ing m ore difficult to raise the funds needed to support new areas and new

scientists or pay for m ore sophisticated instrum entation. W ith an essentially level

budget, reductions in existing com m itm ents have to be m ade if support for new

areas and researchers is to be found. The traditional peer review system  has in som e

cases turned out to be less satisfactory when it com es to identifying declining areas

and groups (M artin 1996). Indicators m ay thus yield valuable inform ation in a

situation which calls for strategic policy decisions.

G enerally, the methodology and concepts for m easuring outputs of R&D  have not

been standardised in a corresponding way to the m ore traditional input indicators.

A  m ain challenge is that it is quite difficult to m easure and to quantify the results

and effects of R&D in a m eaningful way. Still m uch work has been done and a

variety of indicators have been developed, involving different kinds of data,

concepts and m ethods. Broadly speaking in the case of academ ic science, this in

particular has involved different kind of bibliom etric data focusing on scientific

publications and citations. In the area of technology, patents and innovation

surveys have had a key role. In addition, different kinds of indicators and analyses

of the econom ic effects of science and technology have been developed.

8
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The output of R&D  will vary between different sectors of the R&D  system .

Furtherm ore, output and effects m ay be related to different kinds of “arenas”. In

the “output research com pass” (Figure 1), a schem atic overview of different kinds

of arenas and possible outputs is presented (adapted by A. Kaloudis from  Laredo et

al. 1992). 

Figure 1 The output “research com pass”

The study of S&T indicators can generally be said to be based on a presupposition

that the results of science can be m easured in a few tangible products, such as

publications and patents. Such an assum ption is, of course, not without problem s.

By treating the results of science in a quantitative m anner, im portant aspects related 

for exam ple to the sociology and conceptual progress of science are ignored.

Before describing R&D output indicators in further details, it is therefore necessary

to stress the obvious lim itations that are related to such studies.

In the next sections the m ain types of indicators are briefly described. A  distinction

is m ade been indicators of the results of R&D, of scientific im pact, and of the

effects of R&D . Although these distinctions m ay som etim es be difficult to apply in

practice, they nevertheless indicate im portant differences between sets of

indicators. 

9
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1.2 Results of R&D – main indicators

1.2.1 Publication output

N ew knowledge is the central aim  of all basic and applied research (e.g. facts,

theories, and methods). However, knowledge is not an entity which is easily

m easured. To get information on the production of knowledge, it is therefore

necessary to em ploy indirect indications of such production. The m ain indicator in

this respect has been publications. The core assum ption of using publications as the

unity of m easurement for knowledge production is that scientists tend to publish

their results. The num ber of publications can thus be regarded as an indirect

m easurem ent of the production of research, within a country, scientific field or

institution.

 

Scientific papers are registered and catalogued in many different databases which

can be used for bibliometric purposes. The m ost im portant database, which is

continuously updated, is that compiled by the Institute for Scientific Inform ation

(ISI) in Philadelphia, Pennsylvania in the United States. This database covers 16,000

specialised and m ultidisciplinary journals in science, m edicine and technology, in

addition to the social sciences and hum anities (Garfield 1997). O n the basis of this

database different bibliom etric products are produced. The m ost famous is the

Science Citation Index (SCI), covering the natural sciences, m edicine and

technology. Sim ilar bibliom etric products for the social sciences and the hum anities

are the Social Sciences Citation Index (SSCI) and the Arts and Hum anities C itation

Index (AHCI). Am ong the conditions for extending ISI coverage to include a

particular journal are refereeing, international editorial conventions and geographic

representation, as well as the availability of an English language abstract. In general,

the ISI database is regarded as constituting a satisfactory representation of

international m ainstream  research (Katz & Hicks 1998).

However, researchers produce m any other types of publications than articles in

international scientific journals (books, reports and newspaper articles, etc.).

Q uantitative analyses of this kind of literature are, however, difficult because there

are no databases which include these types of publications on a world-wide level.

Thus bibliom etric indicators are m ost appropriate when publications in

international journals are the m ain carriers of knowledge. In the social sciences and

hum anities a large part of the production consists of books and articles in local

journals. Because of this the use of bibliometric indicators in these areas is generally

problematic. (This factor will, however, vary between fields and m ay be less

problematic in “science-like” fields such as econom ics and psychology).

10
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Bibliometric records of research publications in a database m ay include the title of

the publications, citation data, the nam es of co-authors as well as institutional

addresses. This inform ation m ay be used for different kinds of analyses and

international com parisons. In addition to scientific im pact (see section 1.3), m ain

areas of investigation include: 

∙ Scientific output of researchers, institutes, universities and countries

∙ D evelopm ent within specific disciplines world-wide or in a country

∙ Com m unication structures and collaboration (co-authorship)

The indicators can be used for m onitoring purposes, in addition to assessing the

strengths and weaknesses of the national research system . As indicated,

bibliom etric analyses m ay be related to different levels in the research system .

Typical exam ples would be analyses of publication output within departm ents,

faculties or universities (see e.g. Irvine &  M artin 1984; Carpenter et al. 1988;

N ederhof, Leeuwen, &  Visser 1997), or within disciplines at a national level (see

e.g. M oed &  Velde 1993; Leeuwen, R inia, &  Van Raan 1996) or between disciplines

and nations world-wide (see e.g. Braun, G länzel, &  G rupp 1995; M iquel et al. 1995)

Number of publications

The m ost basic bibliometric output indicator is based on counting the num ber of

publications produced by the research unit under study. Such indicators may be

expressed in absolute num bers or in relative term s.  In this way  the research

dynam ic of a given country, discipline, or institution can be m onitored and its trend

tracked over tim e. For exam ple, the share of world publication output within a

particular scientific field may be readily determ ined. The share of a given nation in

world publications is generally regarded as a useful indicator of the productivity of

its researchers. Such pictures m ay be of great importance for the m onitoring and

assessment of research. However, analyses on lower levels of aggregation are

necessary to detect specific changes in scientific and technological perform ance. 

Relative specialisation 

Based on publication counts within different scientific fields, it is possible to

develop indicators on the specialisation of research within a country. Such

indicators are constructed by dividing the country’s share of the world’s publication

output in a given field with the country’s total share of the world’s publication

output (see Schubert, G länzel, &  Braun 1988). This tells us if a country has a

greater percentage of its scientific paper production in this particular field than its

average share within all scientific fields. In this way one gets an indication of which

fields a particular country has relative specialisation in (such indicators are for

example included in the European Com mission 1997).

Productivity

11
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The large differences between countries in the levels of scientific activities m ean

that it is often necessary to adjust for differences in input variables. Such indicators

of productivity m ay be obtained by dividing the num ber of publications with the

num ber of researchers (or alternatively R&D  person-years) or am ount invested (for

an exam ple of this see the N etherlands O bservatory of Science and Technology

1996). However, the num ber of researchers or am ount invested in a particular field

within a country is neither a standard indicator nor a trivial task to calculate.

A lternatively, productivity can be calculated as the num ber of publications per

m illion inhabitants (see e.g. N orges forskningsråd 1997). A  problem  with

population norm alisation is, however, that the size of populations does not

necessarily correspond to national differences in R&D  input variables. As a rough

m easurem ent of differences in productivity such indicators m ay, nevertheless, give

some information.  

Relational bibliometric indicators

Particular relational indicators have been designed for the study of interactions

within the research system .  Strictly speaking they are not indicators of the output

of research and will thus only be briefly mentioned here.

A  m ajor area has been the study of co-authorship (see e.g. M elin 1997). In such

studies co-authorship of papers is used as a measure of scientific co-operation. For

example, through analysis of co-authorship it is possible to identify collaboration at

a national or international level (e.g. internationalisation). 

Relational indicators are also developed on the basis of co-citation and co-word

analyses. Such indicators can for exam ple identify the network of documents within

a specific field or research topic (see e.g Callon, Law, &  Rip 1986; Leydersdorff

1995). Co-citation analyses use inform ation about citation patterns to identify such

structures. Co-word analyses m ake use of content related to bibliom etric

information (such as key words, words in the title or in the abstract of the selected

set of publications).

Limitations with bibliometric output indicators

There are, however, m any lim itations with bibliom etric output indicators. A lthough

large in term s of volum e and scope, the ISI databases are not necessarily a good

reflection of scientific publication activity. The databases only cover a certain

am ount of the journals issued. This m eans that the num ber of publications

registered in these databases is incom plete, and, hence, an inaccurate m easurement

of the actual am ount of scientific production. As we have seen, publications in local

journals, books, articles in newspapers and other popular literature, etc., are also

not recorded.

12
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Because of this one cannot use these databases as a m easurem ent of the total

scientific production. That is, an analysis based on international databases will only

give a partial picture of the total scientific productivity of an institution or country.

The im portance of these factors, however, will vary from  field to field and from

country to country.2  For example, it has been showed that im portant European

journals are not included in the ISI database and that it contains more m inor US

journals than m inor European journals. Furtherm ore, it is known to be strongly

skewed in favour of English-language journals and research publications from

English-speaking nations dom inate the database (particularly the US). 

The selection of journals is, nevertheless, based on an extensive evaluation process.

This process is m eant to ensure that the journals included have a certain

international standard or im pact. But as indicated above, it is questionable if one is

actually com paring a representative selection of the publications from  different

countries. 

Using other databases than the one provided by ISI, it may be possible to get a

m ore complete picture of the total scientific production, for exam ple local

databases within a country or at university level (e.g. FORSKD O K at the

University of Bergen), or specialised fields of specific bibliometric databases like

M ED LIN E and Chemical Abstracts.  The first kind of databases m ay give an

overview of the total scientific production, not only in refereed international

journals. However such databases are normally not adjusted for bibliom etric

investigations and do not allow international com parisons. The latter databases m ay

be used for field-specific bibliom etric investigations, but these do not allow inter-

field com parisons. Furtherm ore they usually lack bibliom etric records like citations

and com plete fields of addresses. 

Variable degree of coverage between different kinds of research is another bias of

the ISI database. There is a rather strong focus on fundamental research, especially

in the natural and life sciences. The database has been criticised for not covering

technical and applied fields very well.

Subject classification is another problem atic issue in bibliom etric data processing.

Since com paring scientific subfields on a national or international level is a m ajor

area of bibliom etrics, it is im portant that the classification used has a valid

foundation. The comm on procedure of delim iting scientific subfields is based upon

a classification of scientific journals (‘journal categories’). This m eans that all the

2 For example the degree of coverage in the SCI varies among fields. It has been estimated that in chemistry about

90 per cent of the relevant journals are included in the database, compared to 30 per cent for biology (Moed et al.

1987).
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articles in a given journal are assigned to one (or m ore) particular subfield. M ost of

the traditional bibliometric analyses involving subfield com parisons are based upon

this kind of classification m ethod. The method gives an indication of the

productivity within different scientific fields, but is not without problem s (see e.g.

Aksnes, O lsen, &  Seglen 1998). G enerally the problem s with subfield classifications

are recognised as more problematic in sm aller than larger subfields (Bruin &  M oed

1993).

In addition to the problem s mentioned above, several other m ethodological

problems exist. G enerally, because of these lim itations, the use of bibliometric

indicators is norm ally regarded as m ore suitable for m acro and international

comparisons. Furtherm ore, bibliom etric analyses are m ost successful in

internationally oriented fields like m edicine and the natural sciences.

N ot all research leads to publications. Researchers working in companies will

sometim es not publish their result in public journals because of comm ercial

interests related to the research. Because of the m ulti-faceted nature of research,

publication indicators will never reveal m ore than part of the picture. Additional

output indicators are thus necessary to get a more complete picture. 

1.2.2 Technology and innovation indicators

W hile new knowledge m ay be regarded as the m ain target of basic and applied

research, new or im proved products and processes are important results of

developm ental work. According to the Frascati Manual, experim ental developm ent is

system atic work directed to producing new m aterials, products or devices, to

installing new processes, system s and services, or to im proving substantially those

already produced or installed. M ost of this kind of R&D  is perform ed in the

business enterprise sector.

Technology and its specification in the form  of innovation have em erged as the

m ost im portant topics of economic developm ent. W hile in earlier decades

comparative advantages were based on natural resources and/or cheap labour

costs, technology becomes the cornerstone for building com petitive advantages and

positioning countries in the global economy. Indicators on the extent and

im portance of innovations have, therefore, been an area of m ajor interest. Am ong

others, an im portant source of inform ation has been special innovation surveys in

the business enterprise sector.

Innovation analyses are one way to explore the effects of new knowledge.

Innovation processes are com plicated. M any different factors m ay be of

im portance. N ew knowledge produced through R&D  m ay be applied in the

innovation process, but is not a necessary precondition for innovation. The focus

14
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on innovations is related to a shift in the understanding of the relationship between

science and technology. In the past it has often been assum ed that scientific

discoveries are a precondition for innovation. However, this relationship has turned

out to be far m ore com plex. The creation of innovation does not result sim ply

from  a transfer of knowledge from  the science system  into applications. Such

insights have been an im portant factor in changing the focus and approaches in

science and technology policy.

An O ECD  standard for surveys of innovation activity was first published in 1992

and is known as the “O slo M anual” (O ECD  1997a). This manual attem pted to

present a fram ework for the developm ent of new innovation indicators which

could provide a basis for international comparability. 

This O ECD  m ethodology was subsequently developed by EURO STAT and D G

XIII (European Innovations M onitoring System ) within the European

Com mission, and im plem ented on a European basis using a com m on

questionnaire; this survey was known as the CIS action. EUROSTAT built a

comprehensive firm -level database with the CIS data which contains data on alm ost

41,000 European firms. In 1997 the second CIS exercise was initiated (Sirilli 1998).

1.2.3 Patents

A particular field of study has emerged on the basis of patent records provided by

patent offices. Firm s, and other institutions engaged in innovative activity apply for

patents to secure proprietary rights for the use of innovations. In consequence

patenting data will represent an indication of the extent of technological activity

results in usable outputs, products and processes. 

Patent statistics have increasingly been used in various ways as indicators of the

output of innovation activities. D ata on the patenting activities m ay be provided by

different offices, for exam ple the US Patent O ffice which registers the num ber of

awarded patents in the USA and the European Patent O ffice which registers patent

applications. D ifferent kinds of patents are registered: dom estic patents (patents

registered in each country by dom estic inventors), and external patents (patents

registered in countries other than the country of the inventor). O n the basis of such

data it is possible to construct indicators that, am ong other things, can be used as

an assessm ent of technological specialisation vis-á-vis other nations and give hints

about technological change. (For a further description see the O ECD  m anual for

patent studies O ECD  1994b). Counting patents is directly related to the

technological and industrial effects of R&D and m ay therefore also be em ployed as

an indicator of relevance. Furtherm ore, special analysis m ay be developed on the

relationship between science and technology. The extent to which scientific

knowledge is applied in the innovation process m ay be indicated by the citations in
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the patent records. Thus such studies m ay be used for describing the science-

technology relationship. 

However, there are several lim itations with using patents as R&D output indicators.

It is important to realise that a wide range of innovations do not lead to patenting.

Furtherm ore there are large differences between fields and nations when it com es

to the tradition for patenting innovations. There will also be large variations in the

technological or com m ercial im portance between individual patents. M ajor

m ethodological problem s also arise because the sam ple of patents is quite often

rather sm all. This is particularly poignant when analysing sm all countries or m inor

technological areas. In these cases the samples m ay be too sm all for m eaningful

statem ents (see Schm och 1997). Because of this patents have obvious lim itations as

science and technology indicators and it may often be advisable to support such

studies with additional information.

Innovation surveys and patent studies provide a wide range of inform ation and

indicators on innovation activity. Such indicators m ay be com bined with other

types of data. A  com bination of different indicators m ay for exam ple show the

effectiveness of the im pact of firm s investm ents in R&D , that is input-output

m easures  like the am ount of profit attributable to R&D  divided by the investm ent

in R&D  (see part 1.4.1) Furtherm ore, several additional indicators in the technology

area exist, for exam ple on high technology products and the technological balance

of paym ents (TBS). However, these kind of indicators are not described further

here. 

1.2.4 Other indicators

In addition to knowledge production, education is a m ain objective in m ost

academ ic institutions. Thus, the num ber of graduates (including bachelor degree

recipients and postgraduates) and Ph.D . degrees is often included as an output

indicator at the institutional or national levels. These num bers m ay be related to the

total num ber of students, or to the num ber of staff to indicate productivity. A

particular m anual is developed for indicators on hum an resources for science and

technology (HRST). The concept of ‘HRST’ is m uch wider than R&D  personnel,

and indicators on HRST may yield additional inform ation on results in term s of

‘human com petence’ (compare the ‘Canberra M anual’ O ECD 1994b).

1.3 Indicators of scientific impact 
O utput indicators such as publication counts do only give an indication of the

volum e of research, for exam ple within a country. Quantity and quality are,

however, not necessarily related. Additional inform ation is needed to assess the

im pact, quality and the extent to which scientific activity m ay contribute to
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scientific progress. O bviously, this is som ething which is difficult to assess.

Prom inent am ong the indicators that m ay yield som e inform ation on these aspects

are citation indicators. 
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1.3.1 Citation indicators

In research evaluation, citations have becom e a widely used m easure of the im pact

of scientific publications. The basis for such studies is the number of citations to

earlier scientific publications, as indicated in the reference lists of the research

publications. The availability of com puterised databases m ake it possible to conduct

studies of citation patterns on aggregated levels. 

The distribution of citations is extrem ely skewed. M ost of the papers published get

no or only one citation, whereas a relatively sm all number of docum ents receive a

large part of the citations.3 G enerally, the num ber of citations to a particular article

indicates how m uch the knowledge embodied in the paper is used by other

scientists. Thus, the prem ise underlying citation indicators is that a research finding

frequently cited by other researchers has had a greater im pact on the research

comm unity than an infrequently cited paper. O ften the num ber of citations is taken

to be an indication of scientific quality. This assum ption has, however, turned out

to be rather problem atic (see e.g. Seglen 1997). Authors cite one another for a

variety of reasons.  Q uality is undoubtedly a highly com plex m atter and is not

necessarily related to scientific im pact.

Number of citations per paper

The m ost usual citation indicator at the macro level is probably the average num ber

of citations per year within a country or scientific field. This is calculated by

counting the num ber of citations to papers in a scientific field over a fixed tim e

period (called “the citation window”). The num ber of citations divided by the

num ber of papers receiving those citations yields the average num ber of citations

per paper. If this number is above the world m ean, it indicates that the research has

a higher im pact than the average. 

There are great variations in the num ber of average citations per paper between

different disciplines and in m any cases between different subject areas within the

sam e discipline. For exam ple, within the sam e observation period, an average

publication in the life sciences receives m ore citations than in the exact sciences or

m athem atics. Thus, a high citation rate in mathem atics or theoretical physics may

be considered m oderate in the life sciences. C itation indicators m ust, therefore, be

norm alised if they are to com pensate for these inequalities.

At a m eso and m acro level, appropriate citation-based indicators have proved to be

valuable measures of research perform ance. A lthough this m easure is som ewhat

3    Of the 65 mil. articles  recorded in SCI from 1945 to 1988, the average number of citations per paper was 15.

However, as many as 50 per cent did not get any citations at all and 28 per cent only got one citation (Garfield

1990). The number of highly cited papers with more than 50 citations constituted 0.8 per cent. 
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influenced by scientific profiles, as m entioned above, it affords an insight into the

perform ance of national scientific research. 

 

G enerally, the methodological problem s are m ore severe for sm aller sam ples than

for larger ones. For exam ple, in m icro-level studies, self-citations (citing own works

leading to an increase in the num ber of citations with which a researcher will be

credited) and citations received from  within the research group, m ay influence the

citation rates to a considerable extent and should therefore preferably be excluded.

This problem  is, nonetheless, rather m inor if the volum e of figures being analysed

is high.

Attractivity Index

A particular indicator which is often used to m easure national perform ance is the

so-called attractivity index (see e.g. European Com m ission 1997). This relative

indicator is based on com paring a publication’s citation counts to the average

num ber of citations accum ulated by all publications in the ISI-covered journals in

which it was published. These relative counts can be aggregated to the level of the

scientific discipline to which the journal is assigned, which thus yields standardised

m easures rem oving journal- and/or discipline-dependent citation im pact biases.

The citation im pact can be standardised according to two baselines: 1) on all

international journals in the discipline, 2) to a narrowly defined baseline which is

restricted to those journals in which one or m ore of a country’s publications have

appeared. M ore sim ply, such relative indicators can be calculated by dividing a

country’s share in citations given to its publications in the given field with the given

field’s share of citations received by all publications in the world (Schubert et al.

1988). Such indicators indicate whether the publications of a country attract m ore

or fewer citations than anticipated on the basis of average citation rates. That is, if

the country’s citation im pact is above or below the world average. 

Several additional indicators involving citation counts exists, for exam ple expected

citation rates, number of high-im pact papers,  journal im pact factors, etc. For a

further description of such indicators see e.g. O kubu 1997.

A lthough citation analyses are gaining increasing popularity as a tool for the

comparative assessm ent of researchers, research institutions, and countries, several

problems are connected with such studies. As indicated above, there are serious

m ethodological problem s related to the construction of citation indicators. At a

fundam ental level the m eaning  of a citation count is not always clear. Therefore,

such indicators should be used cautiously, particularly in evaluation exercises.

 

1.3.2 Prizes and academic distinctions
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Prizes and other kinds of academ ic distinctions are awarded to researchers for

em inent scientific work. The m ost prom inent, is the N obel Prize, although prizes

exist on all levels of the research system  and in a large area of scientific disciplines. 

Prestigious prizes, such as the N obel Prize, are awarded to generally recognised

research. N ew discoveries are rarely awarded. 

 

Som etim es the number of prizes is used as an indicator. For exam ple, the num ber

of N obel Prizes is included as an indicator in the EU report on science and

technology indicators (see European Comm ission 1994; European Com m ission

1997). Typically, the number of N obel prizes is em ployed as a cum ulative m easure

of the national scientific level. N evertheless, prizes are awarded on the basis of

individual researchers’ perform ance. A  m ain question is, therefore, whether there is

any significant relation between these relatively sm all num ber of researchers

perform ances and the vitality and im pact of research at a national level.

1.3.3 Indicators from peer evaluations

Peer evaluations are often considered to be the alternative to the system  of output

indicators. Such evaluations typically involve a qualitative assessm ent of the

research perform ance by foreign researchers within the sam e field. In addition to

the assessm ent of research perform ance, elem ents considered in peer reviews m ay

include: editorships of outstanding journals, awards, m em bership of prom inent

scientific societies, honorary degrees, guest professorships at renowned universities,

funding by research councils and by other external sources, advisory comm ittee

m em bership,  etc. This m ethod of assessment is norm ally the one favoured by

scientists. It should, however, be recognised that quantitative bibliom etric

indicators of scientific production also involve a certain element of peer review,

since this indicator is based on num ber of publication in refereed journals.

However, these kinds of evaluations are also recognised as having weaknesses. For

example, there m ight be problem s finding neutral peers, and no peer will have

perfect information and will therefore base such evaluations on lim ited or

im perfect inform ation. To overcom e som e of these problem s, quantitative output

indicators are som etim es used as input in the peer process. Especially in

circum stances where peer reviewes lose their power, bibliom etric indicators can be

used to support decisions. This may ensure that the judgem ents do not get too

“soft” nor too “hard”. New indicators m ay be created on the basis of such m ixed

qualitative-quantitative evaluations, for exam ple by giving m arks to factors like 

quality, productivity, relevance and viability (see for exam ple evaluations in the

N etherlands e.g. VSNU 1996).

1.4 Effects of R&D
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W hen analysing the output of R&D  it is usual to distinguish between the im m ediate

results and products of research and the effects of this research. Science and

technology have had a large influence on  the developm ent of m odern society. The

im portance of science for social, cultural, technological and econom ic developm ent

m eans that the study of effects of R&D  covers a wide range of areas. W hile m uch

attention has been directed to developing indicators of the results of R&D  during

recent years, the study of the effects of R&D  is far less developed. However, an

increasing need to legitim ise science as a social activity in the public sphere means

that the interest in such studies is growing. 

G enerally speaking, broader and em pirically well founded theories on how science

influences society do not exist. The com plexity of the interactions between science

and society is of an order that m akes such general theories more or less

unattainable. As indicated above, factors from  a wide range of areas have to be

taken into consideration, for exam ple the influence on econom ic developm ents,

em ploym ent, political decisions, values and public opinion, health, welfare, the

environment, etc. Even if one does not intend to explore the total effects on

society, but restrict oneself to certain specific effects, the m ethodical problem s are

severe. In particular, such effects m ay be difficult or im possible to quantify and in

turn be causally related to specific scientific activities (the problem  of

“attribution”).

However, even though no general fram ework exists to approach this vast and

complex topic, researchers from various disciplines have done work on certain

aspects of the effects of science. Som e of these approaches are described below. 
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1.4.1 Economic effects of R&D

Because of the increasing focus on science as a driving force for technological and

econom ic developm ent, the study of the econom ic effects of R&D  has been an

area of m ajor interest. Undoubtedly, this is also the area which has been m ost

developed. Am ong other things, this is due to the fact that econom ic effects m ay

be possible to quantify and in turn be used as basis for the developm ent of

different kinds of indicators. 

The m ajor approach in this area has been studies on the effects of R&D on

productivity. Such studies range from  exam inations of specific innovations and

their particular effects, to exam ination of aggregated estim ates of productivity

growth as a result of all R&D  perform ed. Furtherm ore, such studies m ay focus on

particular types of research, such as academic, governm ent supported, and private,

and on types of econom ic effects, such as cost reduction and quality im provem ent

to the organisation perform ing the research, as well as spillover effects that benefit

those who did not pay for the research. 

The literature on this topic is vast. To mention a few exam ples, Terleckyj divided

the effects of private R&D  into two groups: 1) D irect increases in the productivity

of industries conducting the privately financed R&D  and 2) Indirect increase in the

productivity of industries purchasing interm ediate inputs from  the industries

conducting the privately financed R&D  (Terleckyj 1980). In another study, Levy

and Terleckyj exam ined government-financed R&D  and observed that it had the

effect of stim ulating additional private R&D investm ents (Levy & Terleckyj 1982).

Leyden and Link (1991) observed sim ilar com plem entarity between governm ent

and private R&D .

G enerally, econom ic analyses of R&D  investm ents have concluded that R&D

offers high returns in terms of higher productivity, although there are differences in

the estim ates of the exact level of returns (N ational Science Board 1996). This does

not m ean that every research project has a high, or even positive rate of return.

Because results of research cannot always be predicted and often require a long

tim e to develop, individual R&D  investment carries an elem ent of risk and, in m any

cases, R&D  m ay not be the most profitable investment a firm  could m ake. For

example, econom ists have also observed equally high or som etim es greater rates of

return for other types of investm ent by firm s, e.g. the enhancement of productivity

through the acquisition of new m achinery, advertising, etc. (N ational Science Board

1996). The best type of investm ent would thus depend on the circum stances

particular to a firm . At a national level, however, the average high rates of return to

R&D  observed by econom ists m ay serve as evidence of the im portance of scientific

research to the national econom y.
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1.4.2 Social effects of R&D

D espite the strong focus on the im portance of science for technological and

econom ic developm ent, a large part of the research in science does not yield results

that can be related to such factors. N evertheless, the effects and utility of this

research on society m ay be of trem endous im portance. This will particularly be the

case for academ ic research in m edicine, the social sciences and the hum anities, but

also im portant in parts of the natural sciences. D espite this, analyses of the utility of

research that cannot be m easured in economic term s have been ignored to a

considerable extent. The m ain reason for this is the problems m entioned above

connected with identification of social effects and the difficulties with developing

indicators of such relevance. The only viable m ethod will often be a delim ited and

qualitative approach based on case studies. Below, som e examples that have been

used to study such effects in a quantitative manner are described. As will be seen,

these studies have a rather tentative character and are not system atised to any

further extent. 

G enerally, science will have both intended and unintended societal effects or

relevance. Furtherm ore, these effects m ay be of a positive and negative nature.

Som e kinds of influences are revolutionary and lead to transformations in a

relatively short period of time (e.g. new technology and im portant biom edical

discoveries). O ther kinds of influence m ay be related to gradual changes in

thoughts, attitudes and cultural understanding (D unn, Holzner, Hegedus, &

Shahidullah 1988: 345). G enerally, it m ay be useful to distinguish between

“instrum ental use” and effects in term s of “enlightenm ent”. Instrum ental use m ay

be a contribution to specific objectives or support for a particular decision, for

example by decision-m akers (R ich 1991). Enlightenm ent refers to the uptake of

research results which have an im pact on attitudes and behaviour. 

Because applied science is often directed towards the solution of specific problem s,

such research m ay be of particular relevance to society. Applied research m ay also

be easier to identify and connect to specific effects. However basic research m ay

contribute to the solution of societal problems in the long run. Furtherm ore, the

spillovers, or ripple effects, of basic research have often yielded high returns to

subsequent applied research. Consequently, the overall net benefits of basic

research to society m ay be quite high.

O ne new approach to the study of the societal effects of R&D  was presented in the

last indicator report by N ational Science Foundation (N ational Science Board

1998). Here, a new chapter was included on the econom ic and social significance of

information technologies. The explosive growth in inform ation technology has

been one of the most dram atic effects of recent scientific and technological

research. For exam ple, this revolution has had m ajor im pacts on production and
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em ploym ent. Indicators of inform ation technologies m ay thus illum inate one

im portant aspect of the societal effects of R&D . Even though m uch research

already has been done on this issue, it has not been approached in the context of

R&D  output indicators.

O ne attem pt to study the transfer of scientific knowledge to a non-scientific public

in a bibliom etric way was done by N ederhof and M eijer (N ederhof &  M eijer 1995).

In som e disciplines a large part of the research m ay be devoted to external

knowledge transfer, that is, transfer of research results to primarily a non-scientific

or non-scholarly public. For exam ple, it is argued that particularly in the hum anities

a large part (som etim es m ore than 50 per cent) of the research output m ay be

directed to such an audience. In m ore science-like fields such as experim ental

psychology, norm ally a m ore m odest percentage of the output is directed to a non-

scientific public (N ederhof &  M eijer 1995). The study by N ederhof et al. focused

on the im portance of trade journals in the transfer of agricultural knowledge in the

N etherlands. Because trade journals are rated by farm ers as the m ost im portant

source of knowledge in their occupation, such a study may indicate the possible

utility of agricultural research. Thus, although lim ited in scope, this m ay be an

example of a possible way to study the dissem ination and uses of scientific

knowledge in society.

M edicine is one area of research which most obviously has social effects and

utilities. In a study by G rant et al. the im pact of biom edical science in im provem ent

in health care was dem onstrated (G rant et al. 1998). Using clinical guidelines, that is

a series of recomm endations which, when followed, will lead to im provem ent in

health, they proposed a new m ethod to quantify the progress of knowledge from

biom edical research to clinical practice. Bibliom etric techniques were used to assess

the link between scientific research and guidelines on acute low back pain, asthm a

and angina. By collecting the bibliographic details of the evidence cited in the

guidelines, it was possible to identify what kind of research m ay be particularly

im portant to such health care. In this way the study dem onstrated that scientific

research plays an im portant role in the creation of knowledge that underpins

clinical guidelines.

O ne area were system atic surveys and indicators actually have been developed  is

the study of the “public understanding of science and technology” (PUST). Am ong

others, such studies focus on the public interest in science and technology, the

knowledge of science and technology issues, and the attitudes towards science and

technology. D uring the last 20-30 years a relatively standardised set of indicators

has been established on these issues. Pioneering work was implem ented by the

N ational Science Foundation, and indicators on PUST have been included in the

N SF’s “Science and Engineering Indicator Report” for several years . The
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possibilities for international com parisons were extended through PUST surveys

that the EU im plem ented in 1989 and 1992 (EURO BARO M ETER). Several S&T

indicator reports now include such indicators (see e.g. European Comm ission 1994;

N etherlands O bservatory of Science and Technology 1996; Statistiska centralbyrån

1996).  A lthough surveys on PUST have a som ewhat different focus than the

“effects of R&D ” they m ay, nevertheless, yield im portant inform ation on e.g. the

influence of scientific discoveries on public attitudes. For exam ple, science

education at all levels is im portant for a better understanding of environmental

issues, m edical research issues, and other areas.
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2 The uses of S&T output indicators in science policy

O n the basis of the general overview presented in Chapter 1 we will now look m ore

closely at the uses of S&T output indicators in science policy. Such indicators have

to an increasing extent been em ployed in science policy processes and decision

m aking. This has in particular been the case for bibliometric indicators related to

academ ic research. In the area of technology and technology policy, other kinds of

indicators have been required. However, our presentation below will m ainly focus

on the uses of bibliom etric indicators in science policy processes. This does not

im ply that other kinds of output indicators have proved to be of little value in

policy contexts. However, it reflects the fact that bibliom etrics has been one of the

m ain area of interest for science policy purposes. The presentation below focuses

on the use of bibliometric indicators related to different levels of the research

system . In addition som e exam ples from  practical applications in different

countries are described. 

2.1 Introduction
G enerally, output indicators can have a num ber of objectives in science policy,

m onitoring and evaluations being the m ost im portant. In the context of

m onitoring, indicators are em ployed as tools for tracking developm ents and trends

in the S&T area. For exam ple, they m ay indicate characteristic features of a given

S&T system  and its infrastructure. A  typical product that contains such inform ation

is S&T indicator reports.

The m ain area of uses of output indicators in general, and bibliom etric indicators in

particular, has been related to different kinds of research evaluations. Traditionally,

peer review has been the standard m ethod for evaluating research. Issues such as

scientific im pact, productivity, the level of research, strengths and weaknesses,

potentials for future developm ent, and the contributions of research to other

academ ic fields and disciplines are typically addressed in such evaluations. The last

10 years bibliom etric indicators have increasingly been used to support such peer-

review processes. This is based on an awareness that decision-m aking m ight be

informed by m ore system atic data on past perform ance within a discipline,

institution or research group. Furtherm ore, with increasingly sophisticated ways of

m easuring the output of science, the relevance of these tools to policy m akers has

increased. 

In this way qualitative peer review and quantiatative output indicators m ay be

complem entary. The strength of output indicators is due to their sim plicity, the

relatively easy access to relevant data and their (apparent) objectivity com pared to

classical peer review. There is a weakness due to the uncertainties of the relation
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between indicators and quality. That is, the issue of quality is too com plex to be

grasped adequately by quantitative m ethods.

In addition to input in peer processes, output indicators m ay be used in strategic

analyses and in supporting different kind of decision-m aking processes. Typical

questions are (Van Steen 1995): 

– How does our country perform  in S&T com pared to other countries?

– Is the level of university research of a sufficiently high standard?

– To what extent do public research institutes interact with private enterprises?

– Is the innovative potential of those enterprises com petitive enough?

Indicators can provide (partial) answers to these questions. In addition to giving

insight into the perform ance of the S&T system , they m ay also have a function in

respect to accountability and in justifying the way the R&D budget is spent.

W ith respect to policy-m aking, a distinction can be m ade between “direct” and

“indirect” effects of output indicators. An exam ple of a direct effect is when a

policy maker refers, in his or her decisions or statem ents, explicitly to specific

results or conclusions from  the policy studies. Indirect effects occur when results

from  policy studies are used in the policy debate to raise relevant questions, clarify

concepts, question assumptions or to substantiate im pressions (O ECD  1997b).

Because indicators m ay help in clarifying policy debates and enhance the rational

foundation of decision-m aking processes, they now have an increasingly powerful

role in the context of science policy.

The D utch have been particularly active in this area. At a conference on S&T

indicators in 1988, it was claim ed that the N etherlands and the United Kingdom

were leading the developm ent of S&T indicators (N ederhof &  van Raan 1988: 197).

This tendency has continued, as indicated by the exam ples below. At the sam e tim e

there are considerable variations between different countries. Some countries have

not been active in the area of R&D  output indicators or tend to lim it the use of

such indicators. Still there is m uch work going on in this area. For exam ple, the

O ECD  organised a conference in W ashington in 1997 called “Use of science and

technology indicators for decisionm aking and priority setting”.

There are, however, several obvious lim itations connected with using output

indicators in science policy. As seen in Chapter 1, a wide range of m ethodological

problems are involved in bibliom etric data processing. For exam ple, in evaluations

of social sciences and hum anities, bibliometric indicators m ay be of lim ited value

because of problem s with database coverage (although bibliom etric indicators have

been used for research evaluation purposes even in these fields). Furtherm ore, if

the im portance of quantitative, bibliom etric studies is overem phasised, this m ay
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possibly lead to a certain neglect of other aspects, e.g. education and research

training. There are also several exam ples of policy m akers m isusing bibliom etric

data or using them  in opportunistic ways. This is perhaps due to a lack of

knowledge on how bibliometric indicators should be interpreted and on their

lim itations. 

W e will now look more closely at exam ples from  uses of R&D  output indicators in

evaluations at different levels in the research system . At the first level these

evaluations can focus on an entire scientific discipline. Secondly, they can concern

larger research groups, laboratories, and institutions such as universities. At the

third level, evaluations can focus on the work of individual researchers. Som e

examples from  different countries are described below. This is not m eant as a

complete overview of uses of S&T indicators in science policy. Rather, the

examples are illustrative and show different functions such indicators m ay have.

2.2 Evaluation of disciplines
At the highest level, R&D  output indicators can involve aggregated data on a

national level, for example on whole disciplines and internal sectors. This provides

a basis for national benchm arkings and international com parisons.

In m any countries such indicators are now used as input to national field

evaluations. This m ay also involve m ore disagreggated indicators showing data for

specific institutions and departm ents within the field evaluated. The United

Kingdom  and the N etherlands have in particular been active in applying such

indicators in evaluation procedures. 

2.2.1 The British evaluation system

Since 1986 a m odel based on R&D  output indicators has been em ployed in

evaluations of the British university sector (the UK Research Assessm ent Exercise).

Every four year all subjects are evaluated (69 categories). The evaluation is

organised by the H igher Education Funding Council and is implem ented by

national panels for each subject (Edwards 1998). Input to the peer process is data

on publications, external support (e.g. grants) and statem ents of policy.

Bibliometric data such as numbers of publications and citations are in this way

im portant indicators. The outcom e is a quality assessment and evaluation marks on

a 7-point scale.

The results of the evaluations are directly em ployed in external policy decisions on

the allocation of research resources. In Britain there are two m ain sources of

governm ent funding in the research system : block grants which are provided to

support infrastructure and the basic capabilities in universities to carry out research
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and teaching, and the “science budget” which m ainly pays for individual research

projects and postgraduate training (O ECD 1997b). In both cases funding are based

on evaluations: the block grants on the results of the assessm ents of individual

departm ents in the universities, and the science budget on the basis of reviews of

research applications. The base funding for the individual departm ents is

determ ined on the basis of volum e (num ber of researchers) and the evaluation

score. In this way the results of the assessment have direct consequences for the

resource situation within a departm ent.

The Research Assessm ent Exercise was introduced to consolidate the existing

division between institutions with m uch research and institutions with little or no

research. The allocation m ethod has also resulted in such a division: a sm all group

of universities is highly concentrated on research, a m iddle group with both

teaching and research and a large part alm ost com pletely concentrating on

education (for exam ple, 21 of a total of 170 universities have only 22%  of the total

student population but receive 64%  of the total research resources (W estergaard

1995)). 

The allocation m ethod has, however, turned out to have several negative

consequences. For exam ple, historically strong research institutions are favoured at

the expense of prom ising research groups, em ploym ent of researchers is based on

short-sighted gains, “headhunting” and personnel dispositions, it undervalues

m ultidisciplinary research and stim ulates publication patterns on quantitative m ore

than qualitative criteria (Hansen &  Jørgensen 1995). In addition, the evaluation is

costly and tim e consum ing. N evertheless, the rating system  is expected to be

m aintained in future allocation processes  (Edwards 1998).

2.2.2 The Dutch evaluation system

In the m iddle of the 80s, bibliom etric indicators were used for the first tim e as

input to policy decisions in m erging and closing university faculties in the

N etherlands. (Van Steen 1995; Van Steen &  Eijffinger 1998). This caused a lot of

discussion about the value of such indicators. The M inistry of Education and

Science, however, becam e interested in bibliom etrics as an instrum ent for

m easuring aspects of R&D . Between 1987 and 1992 a five-year research

program m e was financed at the Centre for Science and Technology Studies

(CW TS) at the University of Leiden. The aim  was to do basic research on

bibliom etric indicators. A  new five-year program m e (1992-1997) continued this

endeavour. This tim e the aim  was to do more policy-oriented research on S&T

indicators. 

O n the basis of the research within CW TS, the Netherlands now has a leading role

in the field of bibliometrics. R&D  output indicators have also been used widely in
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respect to evaluations and decisions-m aking in D utch science policy. In contrast to

the UK, the evaluations have had a diagnostic function and have not been coupled

to resource allocations. 

At the level of disciplines, bibliom etric indicators are used as input to regular field

evaluations (see e.g. VSN U 1996). The Association of Universities in the

N etherlands (VSN U) has set up a system  for such research evaluations. The system

covers all academ ic research, is disciplinary oriented, and addresses research at the

program m e level. Every five years international peers assess the quality of specific

disciplines.  In this process, bibliom etric indicators are used variably as input

(O ECD  1997b).  The resulting system  is intended to be used as a point of

departure in a dialogue between the evaluated persons and units and the evaluators

about strengths and weaknesses as well as potentialities. Apart from  being a direct

feedback to research m anagers and researchers, the system  is also intended to

strengthen a quality oriented developm ent of institutional m anagem ent. The

evaluations involve four aspects:

– Scientific quality: Involves assessm ent of the quality and international prom inence of

the research group. For exam ple, the quality of dissertations and publications, the

originality and coherence of research and the contribution to the developm ent of

the discipline are assessed.

– Productivity: Involves indicators such as the num ber of dissertations, the num ber of

publications in scientific journals and books, the num ber of patents, and the

num ber of invited lectures. The research output is related to hum an and m aterial

input resources.

– Scientific relevance: Here the research issues and approaches are weighted. In particular

the im portance of the research for the advancem ent of knowledge within the

discipline (scientific relevance), and significance with regard to

societal/technological im pact (e.g. possible im pact and application in future

technologies) are addressed.

– Long-term viability: This aspect is assessed on the basis of subm itted plans and ideas

for future research, and the availability of personnel and facilities. Furthermore, the

direction the research is taking and com petitive strengths that m ay depend on

factors of scale and the scientific infrastructure available are evaluated.

O n every aspect a mark from  1-5 is given, where 5 is the best (that is:

poor/unsatisfactory/satisfactory/good/excellent). As an integrated part of the

evaluation, written com m ents on all four aspects are added. The results of the

evaluation are presented in a report (e.g. VSN U 1996).

The bibliom etric analyses and indicators used as elem ents on which decisions are

based include for exam ple (Van Raan 1993):
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– The num ber of papers in international journals (covered by ISI) and trend in

scientific productivity.

– The num ber of external citations (self-citations and citations by the group itself

excluded) received in the  first three years after publication.

– The num ber of citations per paper, compared with the sam e ratio for an average

paper (world-wide) in the set of journals used by the group. This is regarded as a

reasonable indicator of the international esteem  of the research group.

VSN U has concluded that the bibliom etric indicators have been a valuable tool in

these research evaluations. A  com bination of such indicators with qualitative

approaches based on written and oral information has increased the reliability of

the assessm ents. However, bibliom etric analysis cannot replace judgem ents by

peers. O n the other hand, peer judgem ent alone will not give sufficient inform ation

on im portant aspects of research productivity and on the im pact of research

activities (Van Raan 1993).

2. 3 Evaluations of institutions and departments 
As described above, discipline evaluations m ay include evaluations on the level of

individual institutions and departm ents. There are also several exam ples on the use

of S&T output indicators in individual evaluations of particular institutions and

departm ents.

In the early 1980s M artin and Irvine perform ed a particularly influential study

(M artin & Irvine 1983). In their study of radio astronom y a variety of data was

applied, ranging from  bibliom etric indicators  (number of scientific papers, total

citations to recent papers, citations per paper, and num ber of highly cited papers)

to structured tapping of peers’ judgem ents in interviews. The inform ation was used

to support their assessm ents of big telescope institutes. Through this study they

dem onstrated that research output could be measured in a m anner acceptable to

the scientific com m unity itself. 

The last fifteen years there have been several studies involving S&T output

indicators in the evaluation of universities. As one exam ple, in 1990 the University

of G hent was the first Belgian university that decided to conduct system atic

evaluation of its research perform ance on the basis of bibliom etric indicators. The

study involved an assessm ent of the research activities at the faculties of m edicine

and science during the 80s. The m ethodology applied involved the com bination of

bibliom etric analyses and a validation by the scientists involved. 

Sim ilar studies have been perform ed for the assessm ents of research perform ance

in for exam ple universities in the Flanders and the Netherlands (OECD  1997b). 

31



N IF U  sk r iftse r ie  n r . 1 9 / 9 8  - O u tp u t an d  E ffec ts  o f R & D

Typically, these studies have involved the use of bibliom etric indicators as an input

source to peer-based evaluations.  In respect to a distinction between the direct and

indirect effects of such policy-relevant studies, the effects here were m ostly indirect.

That is, no explicit use has been m ade of the results obtained to for exam ple

allocate funds. O n the other hand, these studies have provided useful inform ation

to evaluators and policy m akers in Flanders and the N etherlands (O ECD  1997b).

For exam ple, in respect to a following debate about the creation of “centres of

excellence” and a stronger concentration of research capacity on a lim ited num ber

of topics, the studies form ed valuable background m aterial.

2.4 Evaluation of individual researchers/ research proposals
Funding com mittiees have traditionally relied upon evaluations by expert referees

in m aking decisions on grant applications. In an explorative study by the W ellcom e

Trust in England, the benefit of bibliom etric indicators as an aid to such decision-

m aking processes was investigated (Lewison, Cottrell, &  D ixon 1998). The study

involved different indicators like the volume of production (num ber of pages as

well as num ber of papers) and its influence as m easured by the im pact factor of the

journals and the number of citations received by individual articles. The

bibliom etric indicators based on the publication track records of the applicants

were then compared with the panel’s funding decision in order to see how well the

two correlated. 

The study showed that the funding decisions usually were consistent with the

bibliom etric analysis of an applicant’s work. However, some applicants with strong

track records were refused because of the design of the proposed research

program m e. Generally, the panel m em bers found the bibliom etric indicators

helpful in inform ing their discussions. The indicator of greatest utility was the

num ber of articles am ong the m ost cited 25%  (top quartile) of the com parison

group. The m ethod showed to be the m ost useful for the appraisal of senior

scientists with a large num ber of papers, but less so for scientists who are still early

in their careers. 

Thus, also at the level of individual research proposals, S&T output indicators have

been showed to be useful. However, the study recognised that because the

interpretation of bibliom etric indicators requires a great deal of specialised

knowledge, they should be used with great caution.
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3 S&T output indicators in Norway: data sources,

research and applications

In N orway, as in m ost other countries, activity in the field of S&T indicators has

traditionally been concentrated on input resources. The work on S&T output

indicators has been relatively lim ited. However, the last decade the focus has

increasingly been shifting towards output indicators. This research has covered

both bibliom etric and technological output indicators. In this chapter we briefly

describe som e of the work within this area and also how S&T output indicators

have been used in science policy. The chapter is not m eant as a com plete overview.

For further and m ore detailed descriptions we refer to works produced by the

involved institutions.

The strategy department at the Research Council of N orway has a particular

responsibility for the knowledge base for research policy in N orway, and it is also

the main source in financing work on science and technology indicators. The

institutions particularly involved in these activities are Statistics N orway (SSB), the

STEP group, and the N orwegian Institute for Studies in Research and H igher

Education (N IFU). As one result of this work, a new report on science and

technology indicators covering a wide range of indicators has been produced

(N orges forskningsråd 1997). The report represents a collaboration between the

Research Council of N orway, SSB, the STEP group, and N IFU. Sim ilar reports will

be published every second year. A lthough the report also included indicators on the

output side, this area was not particularly well developed, due to a deficiency of

relevant data and analyses. 

3.1 Bibliometric indicators
In the field of bibliom etrics, there have been some activities the last ten years at the

N orwegian Institute for Studies in Research and H igher Education. Bibliom etrics

has not had perm anent funding at N IFU and has been performed mostly on an ad

hoc basis on the com m ission from  the Research Council of N orway and other

national and N ordic agencies. In particular this work has included the production

of bibliom etric indicators for N orway and the N ordic countries, see e.g. (Sivertsen

1991; Sivertsen 1992; O lsen et al. 1994; Sivertsen 1993; O lsen &  Kaloudis 1997b;

O lsen 1998). M any of these analyses have been based on bibliom etric products and

databases from  ISI, such as the N ational Science Indicators on D iskette (N SIO D )

containing aggregated publication and citation counts for different fields of science,

and the N ational C itation Reports, containing bibliom etric data for all N orwegian

publications in ISI-indexed journals. 
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M ore critical reviews on the use and interpretation of bibliom etric data include

works by P. O . Seglen (e.g. Seglen 1989; Seglen 1994; Seglen 1996; Seglen 1997a;

Seglen 1997b). The research in the field of bibliom etric and related areas has been

relatively lim ited. W orth m entioning are the studies by S. Kyvik on productivity in

academ ia (see e.g. Kyvik 1990; Kyvik 1991; Kyvik 1993, O lsen &  Kyvik 1993). 

Com pared to countries like the N etherlands and G reat Britain, the use of

bibliom etric indicators in research policy has been relatively sparse in N orway.

However, the last years such data has sometim es been used in respect to research

evaluations. For exam ple, in the field evaluations of Norwegian geosciences and

chem istry, bibliom etric indicators were produced to assist the peer evaluation

processes (see O lsen &  Kaloudis 1997a, Kaloudis &  O lsen 1998).

In the future, the activity in the field related to output indicators, and bibliom etric

indicators in particular, will be strengthened through a new strategic research

program m e at N IFU. This program m e running in the period 1999-2001, will focus

on profiling the output of N orwegian research.

In 1993 a working group on statistics, inform ation, and documentation on R&D

and R&D -related activities was established under the direction of the Research

Council of N orway. Am ong other things, this group addressed how the knowledge

base for research policy could be further developed. The group consisted of

m em bers from  different institutions (the Research Council of Norway, the

N orwegian Institute for Studies in Research and H igher Education, Statistics

N orway, the Norwegian Social Science D ata Services, and the STEP group). The

work of the group resulted in a report in which available sources were reviewed and

recom m endations for strengthening work in the field were proposed (N orges

forskningsråd 1994). 

Among its recom m endations was to further develop the system s for project and

output docum entation established by the earlier Research Councils and several

institutions into a standardised and national system  for the higher education sector.

How such a system  could be established has now been on the agenda for several

years, and is in the process of being planned through cooperation between the

Research Council and the higher education sector. However, it will probably take

m any years before it is functioning and even longer before it will be suitable for

output analyses.

Today the system  for project and output docum entation that has been most

extensively developed is the FO RSKD O K system  developed by BIBSYS. The

institutions in the higher education sector have in varying degrees applied this

system  for docum entation purposes. In particular the University of Bergen has used
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the system  extensively, and it is said to have alm ost 100%  coverage of the

publication output of this university. The Norwegian University of Science and

Technology (N TN U) is also reported to have fairly good coverage. Furtherm ore,

the Norwegian Social Science Data Services (N SD ) is responsible for developing

the infrastructure for integrating the institutional databases (or institutional uses of

FO RSKD O K) into a national database for research docum entation. This system

will include a broad range of outputs of research activities. 

3.2 Technology and innovation indicators
D uring the 80s increasing interest was directed towards the study of technology and

innovation. This particularly took place within a group at the N orwegian

Com puting Centre (now STEP group), but also at Statistics Norway (SSB).  

The STEP group (Studies in technology, innovation, and econom ic policy) and SSB

have been responsible for m ost of the work within the area of innovation and

technology indicators in N orway. Several databases relevant for analyses of

technological and econom ic output of R&D  and innovations are located at SSB,

am ong these are: industry statistics, R&D  statistics (business enterprise sector),

accounts statistics and statistics on technological balance of payments. In addition

SSB is responsible for im plementing the innovation surveys. This m eans that

N orway, in respect to data, is in a relatively good position for doing analyses in this

area. For exam ple, there have been several surveys involving linking different data

sources. W hile SSB is the principal institution responsible for data collection, the

STEP group has been in charge of m ost of  the research in the area of technology

and innovation indicators. 

O ne exam ple is the coupling of R&D  statistics with other econom ic statistics at the

enterprise level. In this way the developm ent of profit, productivity, size, etc., in

relation to R&D  investments has been studied.  Such analyses have furtherm ore

showed differences between enterprises in different trades and between R&D

enterprises within the sam e trade. In this way such studies have illum inated

im portant aspects related to the effects of R&D . 

In respect to S&T output indicators, the innovation surveys are particularly

im portant. The indicators are based on the Oslo Manual and were first used in the

innovation survey of 1992. A  sam ple of the indicators was included in the R&D

survey for 1995. The second innovation survey for 1997 has now been completed.

Through these surveys it has been possible to look at the distribution of innovation

activites am ong the enterprises, the distribution of innovation expenses, the results

of innovations as m easured by share of new or changed products in trade, in

addition to the relation between innovations and econom ic profits. The results of

last innovation survey (CIS 2) have not yet been published. The results of the first
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two surveys have been published in reports such as the N orwegian indicator report

(N orges forskningsråd 1997). 

The STEP group has continued the work on S&T output indicators in this area,

especially around the so-called ID EA project (“Indicators and D ata for European

Analysis”) for the European Com m ission. 

Research on patenting activities is increasing internationally. In N orway the activity is

rather sparse. D ata on the patenting activities have been included in the N orwegian

Indicator Report and there are som e additional studies (e.g. Iversen &  Kaloudis 1998). 

3.3 Other indicators and further developments
In addition to the data sources m entioned, there are som e other sources that are

suitable for output analyses. For exam ple, the key indicator survey for the institute

sector also includes inform ation on published output, not only international journal

papers, but also all  kinds of scientific literature. 

Concerning academ ic science, data on education and the production of researchers

m ay be used as indicators. For exam ple, there are databases covering the num ber of

candidates and Ph.D . degrees. Such data may be included as output indicators on an

institutional or national level showing the production of new researchers and,

indirectly of new com petence.

The area of social effects (non-econom ic) of R&D  has not received m uch attention

in N orway. A lthough policy m akers demand such knowledge, few studies have

adressed the issue. One exam ple involving a qualitative case study is the  investigation

of the policy im pact of the acid rain research program m e in N orway, carried out in the

period 1972-1980. A  m ain objective behind the acid rain program m e was to create a

knowledge base for political actions (Roll-Hansen &  Hestm ark 1990). The program m e

represented an exam ple of how science can function in advising political decision

processes, although the study of this program m e did not prim arily concern the level

of output or effect. 

As we have seen there are several activities in the area of R&D output indicators in

N orway. It is expected that this area will becom e an increasingly strategically

im portance in the future. For exam ple, the R&D  system  in N orway is continously

being m eet by dem ands for evaluation and result documentation. The need for

documentation is related to all aspects of the R&D  system , for exam ple in planning,

shaping of m eans, and in relation to difficult policy choices and priorities. Indicators

on the outputs and effects of R&D  m ay provide part of the knowledge required.
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Increased efforts are required for further advances in the field of R&D  output

indicators in N orway. This m ay involve m ore research, better use and combination of

existing data and databases, and the application of new data sources. Concerning the

latter, the new system  for research documentation m ay be of particular im portance.

W hen functioning, this system  will provide system atic inform ation on other types of

results than articles in scientific journals (reports, books, popular science, etc.) and in

this way supply standard bibliom etric indicators based on ISI products.

O ne particular challenge will be to develop a system  of categories (result profiles) that

m anage to intercept a wider range of knowledge products, used for exam ple for the

purpose of evaluation of the productivity and effects of different kinds of research

activities. Increased knowledge in this area will be important for exam ple for

identifying factors that influence the effectiveness of various kinds of policy m easures,

organisational fram eworks,  and m echanism s for allocating resources. 
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Concluding remarks

This report has attempted to give a description of different kinds of S&T output

indicators and related studies in an international and national context. O n the basis of

the underlying review, it is tempting to say that no substantially new kinds of output

indicators have been developed in the last years. The indicators available are to a large

extent based on products of R&D  that traditionally have been applied as output

indicators, like publications and patents. This m ay indicate that one has reached a lim it

when it com es to finding entities that are suitable for quantitative output analyses. At

the same tim e, there has been important progress in new ways of applying the data

available for indicator purposes, for exam ple by co-word and co-citation analyses. 

D espite the advances in the developm ent of S&T indicators the last few years, m any

shortcom ings still exist. For exam ple, the traditional indicators have m ostly focused

on the natural sciences, m edicine, and technology. Indicators covering the area of

social science and hum anities and societal effects of R&D  are far less developed.

Furtherm ore, such  indicators tend to neglect “grey” literature like reports, which m ay

have an im portant function particularly in applied research as well as in innovative

developm ent.

The science system  has undergone m any changes the last years. Som e of these changes

have created particular new needs in respect to indicators.  For exam ple, these changes

have been described as an evolution from a “linear” to an “integrated” science and

innovation system  (G abolde 1998). According to G abolde, factors characterising these

changes include: increasing globalisation, a society increasingly based on knowledge,

increasing interaction between S&T developm ent and socio-econom ic goals and

challenges, the increasing cost of research itself and of its infrastructure in a context

of increasingly tighter budgets. Such changes m ean that new “system ic indicators”

describing connections and interactivity, but also a wider range of output indicators

are required.

In addition there is often a gap between the inform ation policy makers want and the 

available indicators. That is, the needs of policy m akers are not satisfied. Thus one

challenge is to design and produce indicators that m irror the diversity of decision-

m aking needs, e.g. on factors such as the scope of research, related to problem s of

specific national interest, criteria of societal relevance, etc. Another challenge is to

develop a better way to introduce new knowledge and indicators into decision-m aking

processes (com pare Barré 1997). There are also m ore specific challenges related to, for

example, achieving a greater visibility of scientific research within society. Here,

traditional indicators are not particularly suitable.
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Som e of these shortcom ings m ay be reduced by a m ore extensive use of the existing

databases. Several institutions and organisations are involved in the work on further

developm ent of S&T indicators. For exam ple, working groups of the O ECD  countries

m eet regularly to develop m ethods for collecting and applying internationally

comparable statistics and indicators. The OECD  has now selected six priority areas for

the developm ent of a new generation of indicators (new S&T indicators for a

knowledge based econom y): the m obility of hum an resources, patents, innovative and

absorptive capabilities of firm s, internationalisation of R&D , governm ent support to

industrial R&D , and inform ation and comm unication technologies (ICT). 

D espite the possibilities for further developm ents within this area, the lim itations 

related to output indicators should be carefully recognised. The explanatory power of

such indicators has obvious restrictions. One fundam ental lim itation is related to the

fact that indicators as such only focus on m easurable aspects of the science system ,

that is they are lim ited to aspects of results and effects that can be quantified.

However, m any aspects of the results of R&D  cannot be m easured in a m eaningful

way or captured by quantitative indicators. For exam ple, knowledge production is one

principal outcom e of research. W hen using publications as an output indicator, this

dim ension  is neglected. In particular one does not address the core point: the content

of the research. Therefore, one should not overestimate the inform ation R&D  output

indicators actually can provide and the value they m ay have in science policy and as

tools for analysing research. Because indicators can only give a partial picture of the

actual outputs and effects of R&D , m ore qualitative approaches based on case studies

m ay som etim es yield im portant additional inform ation. 

A  research policy system  increasingly based on output indicators m ay have several

undesired consequences. As we have seen for G reat Britain, if applied to research

allocations, the publication and citation behaviour of researchers m ay  change in very

unfortunate ways. Furthermore, an increased use of output indicators  m ay create

undesired differences when it com es to attention from  policy m akers. In particular the

focus on non-m easurable aspects can be reduced. Because m any aspects of the results

of R&D  are difficult to quantify, there is a tendency to use “easy data” (readily

available, but not necessarily characteristic for the aspects one would like to m onitor).

This is an obvious problem  with m any indicator-based approaches to R&D  today.

Furtherm ore, there are several exam ples of m isuse  or abuse of indicators, especially

am ong policy m akers. In particular, the restrictions and lim itations of the indicators

are not always taken into consideration when applied in research policy. 

Among researchers, there has often been a scepticism  towards the use of S&T output

indicators in science policy. This m ay particularly be related to a suspicion that policy

m akers will take  control over decisions away from  the research com m unity itself. At

the same tim e, the m ore sophisticated exam ples of use of such indicators generally
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seem  to have received an acceptance within the scientific comm unity. This em phasises

the necessity of applying indicators with great care and that the lim itations in the

quality of the output indicators should be clearly addressed when used in science

policy. It is therefore im portant that indicator research  rem ains part of the

quantitative study of science and technology, developing R&D  indicators should not

be seen as pure consulting service work.

In any case, output indicators can be expected to becom e increasingly im portant in

future science policy. D espite the problems and weaknesses related to R&D  output

indicators, they nevertheless provide interesting and valuable inform ation on the

structure and function of the R&D  system. Thus careful use of S&T indicators, with

full knowledge of their lim itations, is generally preferred rather than none at all. Since

individual indicators can only give a partial picture, and because they have different

strengths, weaknesses and problem s of validity, a com bination of different indicators

is often required, for exam ple by producing output profiles. Indicators m ay be

especially valuable when they are fed into the m echanism  traditionally em ployed in

science policy, nam ely peer review (e.g. Irvine et al. 1987). 
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