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Abstract

We present the results of a study to assess crucial aspects and the strength of the scientific basis of a typically interdisciplinary,
applied field: Nutrition and Food Research. Our approach is based on an advanced bibliometric analysis with novel elements to
assess the influence and dissemination of research results and to measure interdisciplinarity. In order to adjust the contrast with
‘single-disciplinary’ research assessment, we represent application-oriented research by an interdisciplinary research profile
that with a clear distinction between basic and applied research. Application of our approach to support an international
audit of the Nutrition and Food Research Institute showed that advanced bibliometric analysis allows assessment beyond
conventional academic standards. An important policy-relevant implication, strongly supported by the audit committee, is
that realignment of an applied research institute toward a stronger market-orientation should not be at the expense of basic
research. Not only is basic research the cradle of future applications, it acts also directly as an institutional visiting card for
customers to show scientific thoroughness.

A novel element is a disciplinary breakdown of knowledge dissemination by a research institute based on a field-specific
analysis of all publications citing the work of the institute. It reveals the mutual boosting of applied and basic research. Partic-
ularly, the analysis of publications citing applied work can be regarded as a novel indicator for potential users of knowledge
and with that, new markets. In this context, it is important to compare actors (e.g. countries, institutes) involved in citing
publications with those involved in the institute’s international co-operation. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction: bibliometric methods
in research assessment

1.1. Main objectives of this study

This study focuses on the assessment of crucial
* Corresponding author. aspects of thescientific basis of a typically inter-
E-mail address: vanraan@cwts.leidenuniv.nl (A.F.J. van Raan).  disciplinary field: Nutriton and Food Research.
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Our approach is based on advanced bibliometric Raan, 1996) of scientific articles published in journals
methods. To be as concrete as possible, and to putprocessed for the Science Citation Index (SCI) and re-
the work in a direct policy-relevant context, we apply lated indexes, and containing at least one address from
our approach on the institutional level. Subject of our the institute. On the basis of the annual research re-
investigation is the Nutrition and Food Research In- ports of the institute, we conclude that international
stitute of The Netherlands Organisation for Applied journals covered by the SCI play an important role
Scientific Research (TNO). This institute is one of in the dissemination of research results in this highly
the major food science and technology institutes in interdisciplinary research. Thus, our study adequately
Europe. The institute’s mission statement is to link covers the publication output—as far as oriented to-
basic research to industrial application in the areas of ward international presentation of scientific results—
foods, medicine and agro/fine-chemicals, in relation in the field of Nutrition and Food Research.
to health, safety, quality, and product and process
innovation. Therefore, notwithstanding the typical ap- 1.2, Major characteristics of the institute
plied orientation of the institute, an assessment of the
scientific basis of the institute’s R& D was considered For The Netherlands, the food and nutrition indus-
as a matter of crucial importance and a major element try and services sector is one of the most important
in the evaluation of the institute by an International economical sources of national prosperity (Engelsman
Audit Committee. Our study was primarily aimed at and van Raan, 1993; Tijssen et al., 1996). Thus, re-
supporting this committee. We think that this practi- search and development in this sector and related
cal and policy-relevant context enabled us to develop areas has a high priority in Dutch national science and
our approach more generally as a strategic method technology policy. Our target institute plays a central
towards integration of evaluation in RTD (research, role in this national nutrition and food R&D. The
technology, development) policy making. institute was founded in 1932 in Utrecht as part of

The main objectives of this study are the follow- The Netherlands Organisation for Applied Scientific
ing. We want to show that bibliometric methods are Research (TNO). Initially, research was focused on
not only applicable in basic sciences, but also in the Analytical Chemistry of food and food constituents,
applied fields of science, and particularly in an inter- specialising on vitamin research and dietary defi-
disciplinary environment. Next, there are four major ciency diseases which was at that time a major re-
interrelated policy-relevant goals. First, a breakdown search field at Utrecht University (Christiaan Eykman,
of application-oriented research in both its more ba- discovery of vitamin B, battle against beriberi, Nobel
sic as well as its more applied components (‘research Prize, 1929). Later the research was broadened with
profile’), with a performance assessment of these Microbiology, Food Technology and Toxicology.
components separately. Here we show empirically Now the institute focuses on nutrition and health,
the role of basic science in an interdisciplinary, ap- quality and safety of food products and processes,
plied field. Second, we show that not only a large and innovation in functionality and technology. Par-
application-oriented institute as a whole, but also its ticularly, quality perception of food by the customer
major divisions can be assessed successfully with is a focal theme within the food and beverage indus-
our method. This means that the method may indeed tries. The institute’s R&D reflect the importance of
provide crucial support in peer review or audit pro- the above main subjects. Core activities are:
cedures. Third, we want to demonstrate clearly the
differences in research impact for different modalities e integrated chain management in the food industry,
of co-operation. Fourth, the analysis of publications  aiming at product and process innovation;
citing applied work leads to a novel indicator for e monitoring quality of food composition;
identifying potential users of knowledge and, with e functionality of food and feed constituents, partic-
that, new markets. ularly proteins and carbohydrates;

The time period covered is 1990-1996, an updating e gene technology for crop improvement;
for the period 1996-2000 is in preparation. The study e packaging of food, particularly taste, shelf-life, and
is based on an advanced bibliometric analysis (van safety;
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e properties and safety of human and veterinary = The above mentioned ‘dual strategy’ should im-
drugs; prove both the institute’s patent as well as its pub-
e environmental occupational conditions in agro/fine- lication position. The total staff of the institute has
chemical and food industries; been around 560 in recent years but is now increas-
e safety and quality of traditional and novel foods, ing rapidly up to about 700 (1999). One-third of the
non-food products such as cosmetics, base materialsstaff are academics. In the recent years of the pe-
and chemicals; riod covered by this study (until 1996, an updating
e food consumption and digestion physiology in re- is in preparation) the institute published about 250
lation to health. scientific articles and about 700 reports to customers
annually. About 150 (of the 250) scientific articles,
The institute aims at strengthening and renewal i.e. about 60%, is published in journals covered by
of these core competence by focusing at about 25 the SCI. In agreement with the institute’s researchers
programs (‘technologies’), grouped in a number opinion, this ‘SCl-covered’ part will generally pro-
of major divisions such as: Food Technology and vide a reliable representation of the scientific basis of

Biotechnology, Analytical Methods, Human and Ani-
mal Nutrition, Toxicology, Microbiology and Quality
Management. The institute acts as a World Health
Organisation (WHQO) Collaborating Centre for the
Safety of Biotechnology, a WHO Collaborating Cen-
tre for Nutrition, and as a WHO Collaborating Centre
for Occupational Health.

the performed R&D.

Quality assessment is conducted along two main
lines: international audits required by the Institute’s
Umbrella Organisation (TNO) and the Royal
Netherlands Academy of Sciences (KNAW), and in-
ternal assessments by annual ‘technology position
papers’. As discussed above, our study was designed

The institute operates on a turnover of about US$ for and primarily aimed at supporting the international
65 million (1998), a quarter being financed by the audit procedure.
government. The government support (decreasing
from 30 to 25%) is particularly focused at stimulating 1.3. Bibliometric indicators and quality
‘breakthrough’ projects aiming at new products. An- of scientific research
other quarter of the turnover is from abroad, including
the European Commission (e.g. projects within EC  In a variety of studies bibliometric data have been
Framework Programs). The institute is developing used to assess research performance. This is particu-
a ‘dual strategy’: reinforcing its market-orientation, larly the case for the natural and life (medical, biolog-
particularly outside The Netherlands, and at the same ical) sciences (Narin, 1976; Martin and Irvine, 1983;
time improving its scientific position. Market growth  Moed et al., 1985; van Raan, 1993, 1996). The appli-
is expected in the fine-chemical and pharmaceutical cation of bibliometric methods in the assessment of
sector, the food sector being rather stable. Strengthen-scientific research is based on the following assump-
ing the links with major research centres, particularly tions. Scientific progress is achieved by researchers
outstanding university institutes, is seen as a most im- with local, national, but primarily international char-

portant element in the improvement of the institute’s
scientific position. Close linkages with universities
are regarded as very important in maintaining a high
research quality level and as a source for recruit-
ment. Therefore, the institute closely co-operates

acteristics who study research topics building on the
work of other scientists (‘knowledge accumulation

model’, Price, 1963). In this way, researchers work
essentially in an international environment and keep
each other informed of their research results. These

with universities in The Netherlands, particularly results need to be published—otherwise they ‘do not
in the fields of agriculture, phyto-technology, and exist—and thus they are submitted to a continu-

veterinary research. Seven (1999) senior staff mem- ous evaluation by professional colleagues (‘the peer
bers hold ‘extra-ordinary’ (i.e. part-time) chairs at judgement system’, Merton, 1972).

universities. This also enables young researchers to By using references in their publications, re-

combine their work at the institute with completing searchers show how they have built on previous
a Ph.D. work. Criticisms of sociologists of science on citation
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analysis are based on the ‘reference behaviour’ of by the SCI, the proceedings concerned will also be
scientists, which would be so unstructured that one covered.
cannot base quality assessment on citation data (see Citation-based indicators point tme specific, but
for instance Cozzens, 1989, and Luukkonen, 1997). important quality aspect referred to as international
We disagree with these sociological arguments on influence orimpact. These bibliometric indicators
the basis of simple statistical considerations. Citation represent the response of the international research
analysis does not concern one publication but a (very) community to the published work of a group, ex-
large set of publications. The citations ‘received’ are pressed in references in scientific literature. We stress
‘given’ by many different authors having different that bibliometric indicators are not meant to replace
‘reference behaviours’. We discussed these statisticalthe evaluation of experts. But they can offer crucial
arguments in detail (see Peters et al., 1995, and vaninformation about research performance that can be
Raan, 1998b). Moreover, our long-standing experi- seen as complementary to peer opinion. This is partic-
ence in bibliometric analysis yielded a clear empirical ularly important, as peer review also has serious draw-
prove that analyses of scientific performance can be backs (Horrobin, 1990; Wenneras and Wold, 1997).
carried out very well on the basis of scientific lit- Therefore, it is our firm belief that theombination of
erature, which is, as it were, an image of (at least advanced bibliometric methods—such as presented in
substantial parts of) scientific activity. The number of this study—and peer review is the best approach to
publications of a group is considered to be an indica- evaluate research performance (van Raan, 1996). In
tion of its scientific production. The number of times this study, we try to convince the reader that advanced
this body of literature is cited world-wide, can be re- bibliometric methods indeed has a much larger po-
garded as a measure of the impact or the internationaltential than often suggested by opponents (van Raan,
visibility of the research. 1998a) or by poorly informed evaluation-experts such
Scientific journals, particularly in the natural and as in the recent COSEPUP (1999) report.
the life sciences, play an essential role in the com- In several earlier studies comparisons have been
munication between colleagues. As far as journals drawn between bibliometric results and the judgement
are concerned, we distinguish ‘core’ journals, i.e. of experts on the perceived quality of research teams.
leading international journals with a well-functioning The two approaches appear to correspond with each
referee-system, and ‘peripheral’ journals, i.e. less im- other in a predominantly significantly positive way
portant journals, often more national in scope. The (Martin and Irvine, 1983; Nederhof, 1988; Nederhof
SCI, produced by the Institute for Scientific Informa- and van Raan, 1987, 1989). None of these studies,
tion (ISI) in Philadelphia, claims to cover the core, however, allowed a sufficiently detailed ‘fine tuning’
i.e. most important journals in the natural and life of the different types of bibliometric indicators and
sciences. The SCI contains about 3500 journals. As the different aspects of peer review. Recent empiri-
a general rule, SCI coverage of scientific journals cal work now presents ample evidence of correlation
is less adequate in the more technical or applied between a set of different bibliometric indicators and
fields of science than in basic natural and life science peer review criteria. Remarkable differences in corre-
disciplines. Moreover, conference proceedings and re- lation for the various indicators have been found, but
ports play an important role in the communication of particularly the indicators normalised fi@ d-specific
research results in application- and problem-oriented characteristics show a strongly positive correlation
research. Such proceedings often appear in confer-with peer review criteria (Rinia et al., 1998). These
ence books, and, consequently, they are not coveredfindings reinforce the applicability and ‘acceptability’
by the SCI. Nevertheless, our study convincingly of bibliometric indicators. Even if a correlation is sig-
shows that the scientific journal is an important com- nificant, it is not perfect. Thus, there is a good chance
munication medium for Nutrition and Food Research that a judgement on the basis of bibliometric results
and that the SCI covers the major part of the journals. does not correspond with the opinion of colleagues.
Furthermore, an increasing number of conference But it is certainly not sure that thpeers are right.
proceedings is published in regular journals (often as Empirical work shows that peer opinions can differ
‘special issues’). In as far as these journals are coveredconsiderably.
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Bibliometric results, notably at the aggregation
level of a department, must be interpreted with
background-knowledge. This background-knowledge
may refer to specific circumstances (e.g. publication
‘habits’) within a department, but also to the inter-
national characteristics of the research field in which
the department is active. Bibliometric methods fo-
cus specifically on the research task and, more in
particular, on the contribution to the development of
knowledge at the international research front. This
implies that activities relating to other aspects remain
unconsidered. We mention for instance teaching re-
lated to supervision of Ph.D. students, dissemination
of scientific knowledge at the national level, typical
institutional policy-related activities (such as reports
to the European Commission), or typical ‘R&D’ and
technological work, as reflected in patents. Work is
in progress to study the influence of typical food and
nutrition trade journals.

1.4. Data collection

In this study, we collected all publications of the
Nutrition and Food Research Institute as far as these
publications are covered by the SCI of the Institute for
Scientific Information (ISI). We applied automated
data searching routines to our CWTS bibliometric
data-system. This CWTS data-system contains all
scientific articles, published from 1980 up till now
(monthly updates) in journals processed by the Insti-
tute for Scientific Information (ISl) for the SCI, the
Social Science Citation Index (SSCI), and the Arts
& Humanities Citation Index (A&HCI). Moreover,
it contains information of all scientific publications
which have cited any of these articles during the pe-
riod from 1980 up till now (again monthly updates).
Furthermore, the data-system includes citation data on
all journals processed for the SCI, SSCI or A&HCI.
A detailed description of this data-system is given in
Moed et al. (1995). A special part of the data-system
concerns the publications with at least one corporate
address from The Netherlands.

We emphasise that a number of specially de-
signed, crucial ‘added values’ characterise our data-
system. For instance, ‘cleaning’ of bibliographic data,

corrected author names and addresses, unified hier-

archical structures of addresses (by using our CWTS
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such as corrections for self- and ‘in house’ cita-
tions, choice of aggregation level, article-type related
characteristics, world-wide and European Union im-
pact standards as reference values. Next to these
data-specific ‘added values’ there are many special
software-routines to calculate a wide variety of indica-
tors (each having the possibility of different options).
Furthermore, each assessment project conducted by
us includes a thorough verification of publication-data
by representatives of the institute(s) involved and/or
by using the institutional annual research reports.
All additions and corrections are cumulatively in-
cluded in our data-system, in a separate ‘verified’
sub-system parallel to the original data. This proce-
dure illustrates our systematic and continuous efforts
to improve the bibliometric data-system. With help of
our data-system, we created a ‘verified’ set of 1395
publications from our target institute for a 10-year
period, 1987-1996.

As far as the delineation of the field concerns, Nu-
trition and Food Research, we always have in the case
of assessing selected institutes the following simple
rule: the fields is, what the institute does. Evidently,
typical interdisciplinary research such as on nutrition
and food problems (e.g. food contamination) is based
on many different fields (e.g. Toxicology), each having
their own ‘community’. In order to compare the re-
search performance of an interdisciplinary institute in
a specific research field with an international reference
value for that specific field (‘world-wide’ or European
average), it is essential to have a clear definition of
that specific field. Such a ‘field definition’ depends on
the way scientific publications are classified.

In general, we deal with two main types of classi-
fications based on international databases.

1. Publications are ‘labelled’ with one or mockas-
sification codes indicating fields as defined by a
‘fixed’ thesaurus of codes given by a specialised
database of a specific field for instance, Physics
Abstracts, Chemical Abstracts, or MEDLINE for
the medical research fields.

2. Publications are classified only on the basis of the
journal in which it appears. This type of classifica-
tion is used in the Science Citation Index, the ‘ISI
journal categories’.

In our research profile analysis we will use these

scientific addresses database), automated proceduregurnal categories as a first and, as we shall see,
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reasonable approximation to define fields that form
the palette of which Nutrition and Food Research is
composed.

The structure of this paper is as follows. In the next
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proceedings papers published in journals), ‘letters’,
‘notes’, and ‘reviews’ (but not meeting abstracts, obit-
uaries, corrections, editorials, etc.).

Table 1 gives the number of papers publishey (

chapter, we present the results of our research assessas well as the number of citation€)( We measure

ment analysis for the institutiogether with a (short)
methodological discussion of the bibliometric indica-
tors applied in this study. Essentially, our indicators

relate to different aspects of research performance:

publication output, impact, and interdisciplinarity.
Particularly, important impact indicators are those

output and impact ‘cumulatively’ during a fixed time
period of 4 years, based @il publication and cita-
tion data related to this period. A trend analysis for
the whole period (1990-1996) is established by using
‘roof tiles’: successively overlapping 4-year periods.
Thus, 1990-1993 is the first ‘block’, followed by

measures in which the impact of the research insti- 1991-1994, 1992-1995, and 1993-1996. For papers

tute is compared to world-wide reference value. We

published in the first year of a block—for instance,

introduce a novel approach to analyse and measure1993 in block 1993-1996—citations are counted dur-
interdisciplinarity. In Chapter 3, we present the results ing the period 1993-1996, for 1994 papers citations in
of two selected research programs within the insti- 1994-1996, for 1995 papers citations in 1995-1996.
tute in order to discuss the method on an aggregation For papers published in 1996 only the impact received
level directly below the institutional. Again, we focus in 1996 is taken into account, as far as this 4-year
on aspects of interdisciplinary research. Finally, a block concerns. Clearly, in this type of trend analysis

first validation and a general discussion are given in the most recent publication and citation data available
Chapter 4. can be included. In an updating of the study, the trend
analysis is extended by adding the blocks 1994-1997,
1995-1998, 1996-1999, and (partly) 1997-2000.
There is ample empirical evidence that in the natural
and life sciences—basic as well as applied—the av-
erage ‘peak’ in the number of citations is in the third

or fourth year after publication (van Raan and van

Leeuwen, 1995). Therefore, 4-year ‘roof-tiles’ are

appropriate for impact assessment.

In this section, we present a general introduction  Next, the average number of citations per pub-
to our bibliometric method. To make this presentation lication (CPP) (calculated by dividing the tot#
more effective, we apply our methodology directly to of a specific block of years by the tot@l of that
the institute. Scientific output is defined as the number block) is presented. CPPex is the same indicator
of articles of the institute concerned, as far as covered without self-citations. A self-citation is defined as
by the SCI, SSCI, or the A&HCI. This indicator (Sym- a citation given in a publication of which at least
bol P) can be determined on an annual base or for one author (either first author or co-author) is also
the whole period 1990-1996. As an ‘article’ we con- an author of the cited paper. This is a rather ‘broad’
sider the publication-types ‘normal articles’ (including definition of self-citation. Other options are possible.

2. Research performance and interdisciplinarity
at the institutional level

2.1. Basic indicators of research performance:
output and impact

Table 1

Trends of the institute’s basic indicators, 1990-1996

Year block P C CPP CPPex % Pnc JCSm FCSm CPP/JJCSm  CPP/FCSm  JCSm/FCSm % Scits
1990-1993 599 1710 2.85 1.79 37.4 2.63 2.51 1.08 1.14 1.05 37.2
1991-1994 638 1850 2.90 1.82 37.2 2.82 2.71 1.03 1.07 1.04 37.2
1992-1995 627 2056  3.28 2.19 34.8 3.11 3.01 1.06 1.09 1.03 33.3
1993-1996 637 2178 3.42 2.23 34.2 3.14 2.86 1.09 .20 1.10 34.8

2|ndicates that the ratio is significantly above 1.0, confidence level 95%. For the applied statistical test, see Moed et al. (1995).
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The percentage of self-citations, % Scits, as well as to us in terms of an automated procedure within our
and the percentage of not-cited papers, % Pnc, arebibliometric data-system. Currently, we are devel-
given in the table. oping field-definitions based on clusters of co-word

An important indicator is the average citation rate related publications-clusters (Noyons et al., 1999).
of all papers (world-wide) in the journals in which the In calculating this field-based world average FCSm,
institute has published (JCSm, the mean Journal Ci- we use the same procedure as the one we applied in
tation Score of the institute’s ‘journal set’). Thus, this the calculation of JCSm. Often an institute is active
indicator JCSm defines a world-wide reference level in more than one field. In such cases, we calculate
for the citation rate of the institute (CPP). Comparing a weighted average value, the weights being deter-
these two indicators, we are able to assess whethermined by the total number of papers published by the
the measured impact &ove or below world average. institute in each field. For instance, if an institute pub-
A novel and unique aspect of our comparison with lishes in food science and technology jourreatsl in
this world-wide reference value is the following. We Toxicology journals, then the FCSm of this institute
take into account thgype of paper as well as the spe- will be based on both field averages. Thus, indicator
cific yearsin which the papers were published (Moed FCSm representswaorld average in a specific (com-
et al.,, 1995). This means that the roof-tile counting bination of) field(s). About 80% of all SCI-covered
procedure is also applied to JCSm. This is important, papers are authored by scientists from the United
as the average impact of journals may have consid- States, Western Europe, Japan, Canada, and Australia.
erable annual fluctuations (Moed and van Leeuwen, Therefore, our ‘world average’ is dominated by the
1995, 1996). Western world.

We notice that comparison of the institute’s cita- Furthermore, we calculate the ratio of CPP to the
tion rate (CPP) with the average citation rate of its above discussed world averages, JCSm and FCSm,
journal set (JCSm) ignores the level of these journals. respectively. If CPP/JCSm is above 1.0, the impact of
For instance, if the institute publishes fmestigious the institute’s papers exceeds the journal-based world
(high impact) journals and another institute in rather average. Similarly, if CPP/FCSm is above 1.0, then
mediocre journals, the citation rate of articles pub- the institute’s work is cited more frequently than the
lished by both groups may be equal relative to the field-based world average. Table 1 shows that this is
average citation rate of their respective journal sets. the case for our target institute.

But the first group evidently performs better than The ratio JCSm/FCSm is also an interesting indi-
the second. A second disadvantage of JCSm is thecator. Is it above 1.0, then the mean citation score of
following. If, for instance, the institute publishes fre- the institute’s journal set exceeds the mean citation
quently in general, multidisciplinary journals of high score of all papers published in the field(s) to which
prestige such ablature, then it is very well possible  the journals belong (which again is the case for our
that Nutrition and Food Research papers will have a target institute).

lower impact as compared to the average of Nature Thus, we conclude that the institute’s overall re-
which is dominated by bio-molecular research, a field search impact is well above world average particularly
characterised by high absolute citation numbers. In in the recent period. But this impact is not as high as in
such a case, JCSm is not a fair international referencethe late eighties (we found for the period 1987-1990 a
level for nutrition research. CPP/FCSm value of 1.47). Furthermore, the institute

Thus, we developed a second world average refer- publishes in journals with, generally, above-average
ence level. It is based on the citation rate of all papers impact. The performance ‘dip’ in the beginning of the
published inall journals of the field(s) in which the nineties was explained by the institute’s researchers in
institute is active, and not only of just the journals a remarkable way: for policy reasons the institute had
in which the researchers publish their papers. Here to move in the late eighties from a more basic-oriented
we use the definition of fields based on a classifica- research program to a more application-oriented
tion of scientific journals intacategories developed one. And this, according to the scientists, was at
by ISI. Although this classification is far from per- the expense of the institute’s international scientific
fect, it is at present the only classification available impact.
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2.2. Interdisciplinarity of institutional research or ‘profile’ of the institute. This can be seen as an in-

dicator of interdisciplinarity. Next, we determined the
2.2.1. Interdisciplinary profile of the institute’s impact of the articles in these different fields, so that
research it becomes immediately visible in what fields within

Another important part of our bibliometric analy- the interdisciplinary research profile the institute has
sis is thebreakdown of the institute’s output (publica-  a high (or lower) performance.
tions) into research fields (defined in terms of sets of  The institute’s research profile for the entire period
journals). First, the breakdown as such gives a useful (1990-1996) is presented in Fig. 1. It is a striking
impression of all fields involved in the research scope illustration of what interdisciplinarity means: the

FIELD

ONCOLOGY (1.06)
TOXICOLOGY (1.37)
NUTRITION & DIET (1.23)
FOOD SCIENCE & T (1.51)
BIOCH & MOL BIOL (0.80)
CHEM, ANALYTICAL (1.79)
PHARMACOL & PHAR (1.46)
GENETICS & HERED (0.82)
MICROBIOLOGY (1.11)
PUBLIC HEALTH (1.35)

BIOTECH & APPLM (1.03)

AGR, DAIRY & ANI (1.12)
PLANT SCIENCES (1.69)
VETERINARY SCI (2.26)

CHEMISTRY (1.22)

ENVIRONMENTAL SC (1.27)

BIOPHYSICS (0.81)

ENDOCRIN & METAB (0.46)

I
I
[ ]
[ ]
[ ]

IMMUNOLOGY (0.73)

CHEM, ORGANIC (0.89)
MEDICINE,GENERAL (3.04)

NEUROSCIENCES (0.88)

20 40 60 80 100 120
Number of Publications (N >10)

IMPACT: ow [ ] AVERAGE [ micH [

Fig. 1. Interdisciplinary research profile of the institute (output and impact per field), 1990-1996. CPP/FCSm values are given after the
name of the field. Low impact: CRFCSm< 0.8; high: CPRFCSm> 1.2 (fields with less than 10 papers are not displayed).
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institute’s research relates to many fields of science. In to market this expertise. A thorough scientific basis is
the figure we display the fields in which the institute necessary for this development and our findings are
published more than 10 papers, the number of theseindications that the institute succeeds in this strategy.
fields is around 20. As can be expected, Nutrition and While retaining impact, the decrease in output in both
Dietary Research and Food Science and Technology,fields is significant. This observation may very well
but even more pronounced (in publication numbers) reflect a certain priority shift to more applications.
Oncology and Toxicology, and further Biochemistry Our bibliometric analysis clearly illustrates the
and Molecular Biology and Analytical Chemistry are broad, interdisciplinary scope as to what the institute
the institute’s major research fields, in terms of output. sees as ‘food and nutrition science’. The above finding
Except for Oncology and Biochemistry and Molecular also illustrates the difficulty to ‘define’ an interdisci-
Biology, the impact of the institute’s research in these plinary field such as food and nutrition research on a
fields (indicator values are given behind the names of general basis and to ‘prescribe’ beforehand how such
the fields in the figure) is well above the international a field should look like. Evidently, it is better to anal-
average, particularly for Food Science and Technol- yse what an institute itself sees as ‘food and nutrition

ogy, the institute’s ‘core business’. Next to these fields,
in terms of output, we find Pharmacology and Phar-

maceutics (impact well above world average), Genet-

ics and Heredity, Microbiology (impact for both fields
around world average), Public Health Research (im-
pact well above world average), Biotechnology and
Applied Microbiology, Agriculture, Dairy and Animal
Science (impact for both fields around world aver-

age), Plant Sciences and Veterinary Sciences (impact

for these both fields are above to far above world av-
erage). Smaller fields (in terms of output) are Chem-
istry (General), Environmental Research, Biophysics,
Endocrinology and Metabolism, Immunology (impact
for the latter two fields is below world average), Or-

ganic Chemistry, Medicine (General), Neurosciences.

Next, we compare the institute’s profiles (now
limited to the major fields) of an earlier period
(1990-1993) and a recent period (1993-1996) in
Fig. 2. We observe several striking changes. A de-

research’.

2.2.2. Interdisciplinary profile of the ingtitute’'s
‘knowledge users

A novel element in this study is a first step in the
analysis of knowledge dissemination based on a field-
specific breakdown of all publicatiore#ting the work
of the institute.

This analysis provides first indications of the ‘users’
of the institute’s scientific knowledge, particularly in
terms of research fields. In Fig. 3, we combine the
institute’s research profile (Fig. 1) with the profile of
the citing publications. Quite remarkable is the obser-
vation that not the ‘core business'’ fields (Nutrition and
Dietary Research, Food Science and Technology) are
the main sources of citing publications, but Biochem-
istry and Molecular Biology, Oncology, Toxicology
and Pharmacology and Pharmaceutics.

We also measured the impact of the citing publica-

crease of impact can be observed for Biochemistry tions, thus providing information about the scientific

and Molecular Biology, Biotechnology and Applied
Microbiology, and for Genetics and Heredity, from

‘status’ of the citing work: is the institute cited by the
better, or by mediocre work? Fig. 3 provides a clear an-

around to below world average, and for Pharmacology swer. Most of citing publications in the various fields
and Pharmaceutics from above to around world aver- are characterised by high impact.

age. The institute improved its impact in Nutrition and
Dietary Research and in Oncology, from around to

The results of a further empirical analysis of in-
terdisciplinarity are given in Table 2 and Fig. 4. In

above world average. Food Science and Technology asTable 2, we present for the largest 10 fields of the

well as Analytical Chemistry keep their high impact,

but show a decrease of publication activity. This is an
interesting and important finding. Food Science and
Technology is the ‘core business’ of the institute, and
it is crucial to maintain a high quality scientific basis.

Analytical Chemistry is also crucial to the institute, as
it has the ambition to develop its analytical skills and

institute’s research profile (see Fig. 1) for each field
(‘cited fields’, columns) the distribution of citing pub-
lications over fields (‘citing fields’, rows). The period
of analysis is 1990-1996 for both thiged (institute’s
publications as well as theting publications). The
number of publications can be a non-integer as pub-
lications may be classified in more than one field.
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Field

(Yearblock, Impact Score)

TOXICOLOGY (90-93,1.67)
TOXICOLOGY (93-96,1.30)
ONCOLOGY (90-93,1.10)
ONCOLOGY (93-96,1.44)
NUTRITION & DIET (90-93,1.09)
NUTRITION & DIET (93-96,1.31) ‘

BIOCH & MOL BIOL (90-93,0.86)

BIOCH & MOL BIOL (93-96,0.62)

FOOD SCIENCE & T (90-93,1.45)
FOOD SCIENCE & T (93-96,1.92)
MICROBIOLOGY (90-93,1.17)
MICROBIOLOGY (93-96,1.18)
PHARMACOL & PHAR (90-93,1.64)
PHARMACOL & PHAR (93-96,1.09)
CHEM, ANALYTICAL (90-93,1.84)
CHEM, ANALYTICAL (93-96,1.96)
PLANT SCIENCES (90-93,1.53)
PLANT SCIENCES (93-96,1.54)
BIOTECH & APPL M (90-93,0.92) .

BIOTECH & APPL M (93-96,0.75)

AGR, DAIRY & ANT (90-93,1.40)
AGR, DAIRY & ANI (93-96,2.13)

GENETICS & HERED (90-93,0.81)

GENETICS & HERED (93-96,0.66)

CHEMISTRY (90-93,1.29)
CHEMISTRY (93-96,1.40)
VETERINARY SCI (90-93,2.32)

VETERINARY SCI (93-96,1.88)

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Relative Number of Publications %

Upper bar relates to 1990-1993, IMPACT:

lower bar relates to 1993-1996 LOW (CPP/FCSm < 0.8) I:l
AVERAGE [
HIGH (CPP/FCSM > 1.2) [

Fig. 2. Recent development of the institute’s interdisciplinary research profile. Comparison of 1993-1996 with 1990-1993, relative output
(percentage of total number of publications) and impact per field.
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TNO Publications Citing publications

ONCOLOGY

TOXICOLOGY

NUTRITION & DIET
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MICROBIOLOGY

PUBLIC HEALTH
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AGR, DAIRY & ANI

PLANT SCIENCES
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CHEMISTRY

ENVIRONMENTAL SC

BIOPHYSICS

IMMUNOLOGY

MEDICINE,GENERAL

BIOLOGY

VASCULAR DISEASE
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Relative Number of Publications %

IMPACT:
LOW (CPPECSm<08) [ ]
AVERAGE [ I—

HIGH (CPP/FCSM > 1.2) _

Fig. 3. Interdisciplinary research profile of the institute in comparison with the profile of the citing publications, 1990-1996.

For instance, in the first column we find the number of (Biochemistry and Molecular Biology), as can be ex-

publications citing from different fields the Biochem- pected, but also frequently from medical fields such
istry and Molecular Biology publications of the insti- as Genetics and Heredity, Oncology, and Hematology.
tute. We see that the institute’s publications are cited The data in the table clearly show the influence of the
most frequently by publications from the same field institute’s research in specific fields on other fields.



Table 2
Field distribution of publications citing the institute’s publications in the 10 major fields, 1990-1996

29

Citing fields Cited fields

Biochem and  Biotech and Analyt Food Sci  Microbiology  Nutrition ~ Oncology  Pharmacol Plant Sci  Toxicology
Mol Biology  Appl M Chemistery  and Tech and Diet and Pharmacy

Agr, Dairy and Ani - - - 16.5 - 67.5 - - - -
Agriculture - - - 18.3 - - - - 7.7 -
Biochem and Mol Biol  258.0 33.6 30.2 12.0 30.5 38.8 149.2 66.7 24.7 88.5
Biochem Res Meth - - 99.9 - 5.9 - - - - -
Biophysics 26.7 - 18.7 - - - - - - -
Biotech and Appl M 78.8 61.0 - 7.2 63.5 - - - 10.3 -
Cell Biology - - - - 5.3 - 31.8 - 7.2 -
Chem, Analytical - 8.7 467.3 20.8 - - -

Chem, Applied - - - 35.7 - - - - - -
Chem, Medicinal - — - — — — - 7.5 - —
Chem, Organic - - 12.3 9.3 - - - - - -
Chemistry - 8.5 323 - - - - 18.5 - 30.5
Development Biol - - - -
Endocrin and Metab - - - - - 36.7 37.7 9.9 - -
Environmental Sci - - - - - - - - - 76.5
Food Sci and T - 9.8 - 270.2 28.9 34.9 - 7.5 1.0 46.8
Genetics and Hered 142.8 27.3 - - 17.7 - 78.7 - 3.0 -
Hematology 37.8 - - - - - - - - -
Horticulture -

Immunology - 12.0 - - 10.8 - - - - -
Infect Disecase - - - - 5.7 - - - - -
Med Lab Technol - - - - - 13.0 -
Medicine, General - — - — - 57.3 33.0 - - -
Microbiology 67.4 29.2 - - 166.7 - - - - -
Mycology - -

Neurosciences - - - - - - - - - 20.9
Nutrition and Diet - - 16.0 38.3 - 482.3 65.7 - - -
Oncology 41.0 - 16.0 - - 24.5 917.6 56.3 - 82.5
Pediatrics - - - -
Pharmacol and Phar 39.0 - 26.3 - - - 105.8 126.2 - 204.7
Plant Sci 432 - - - -

Publ Env Occ Hea - - - - - 422 57.0 - 3.0 71.2
Spectroscopy - - 61.3 - - - - - - -
Toxicology 29.3 - - 12.5 - - 70.5 72.1 - 446.0
Veterinary Sci - 73 - - - - - 10.0 - -
Virology - 81.7 - - - - - - - -

Z€9-TT9 (2002) TE Ao1j0d Yofessay /usmnesT Uen ‘N'YL ‘Ueey UeA T4V
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Worldwide toxicology research
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Fig. 4.

In Fig. 4, we present a further elaboration of this
analysis. The influence of toxicology world-wide (i.e.
all toxicology papers in the given period of time) on
other fields (indicated on the vertical axis of the figure
as ‘citing fields’) is compared with the influence of
toxicology research of the institute on the same fields
(based on about 400 citing publications in the given pe-
riod of time). The numbers within the white rectangle
at the extreme left and right side of the figure indicate
the ranking (in terms of number of publications) of the
‘citing’ fields and—behind the slash—the impact of
the citing publications in the field concerned. Because
of the very large amount of cited and citing publica-
tions ‘world-wide’, we used for Fig. 4, a sub-set of the
data used in Table 2: the institute’s publications (‘cited
publications’) concern the time period 1990-1992 and
the citing publications the period 1990-1996.

This comparison nicely illustrates the general inter-
disciplinary relations of toxicology vis-a-vis the in-
terdisciplinary relations of toxicology research within
the setting of a food and nutrition research institute.

5.0 0.0 5.0 10.0
Relative number of publications %

15.0 20.0 250 30.0 350

Interdisciplinary influence of world-wide toxicology research compared with that of the institute’s toxicology research, 1990-1996.

For instance, the institute’s toxicological work is used
(in terms of cited) significantly more by Oncology
researchers and significantly less by neuroscience re-
searchers than the world-wide average for toxicology.
As to be expected, the institute’s toxicology work is
also significantly more than average cited by Food
Science and Technology as well as by Nutrition and
Dietetics researchers. In other words, we empirically
demonstrate that the concept of interdisciplinarity has
significant institutional characteristics.

2.3. International scientific co-operation
and impact

We also analysed the institute’s performance in
relation to scientific co-operation. This analysis is
based on the affiliation addresses of the publica-
tions. We first identified papers authored by scientists
with just the address of the institute. To these papers
we assigned the co-operation typ® co-operation.
With respect to the remaining papers we established
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Table 3

Relation between institutional output, impact and type of co-operation, most recent period: 1993-1996

Type of collab P C CPP CPPex % Pnc JCSm FCSm CPPAJCSm CPP/FCSm JCSm/FCSm % Scits
Institute 182 565 3.10 2.07 36.8 2.79 2.51 1.11 1.24 1.11 33.5

Nat. collab. 309 1098 355 2.28 311 3.46 3.33 1.03 1.07 1.04 35.8

Int. collab. 151 526 3.48 2.28 37.1 2.87 2.33 1.22 1.50 1.23 34.6

whether authors participated from other institutes in kept close contacts in this field of applied research.
the same countrynétional co-operation), or from The relatively strong co-operation with Switzerland
institutes outside the country of the institutetér- is due to co-operation with several food and nutrition
national co-operation). If a paper has three or more companies.
addresses, e.g. co-operation with another institute in  The above figures concern the institute as a whole.
the same country as well as with an institute outside Co-operation with R&D institutes abroad not neces-
the country, it is marked as ‘international’. The pur- sarily focuses on the core fields, Nutrition and Food
pose of this indicator is to measure the amount of Research. Therefore, it is important to analyse in-
collaborative output and to determine how the impact ternational co-operation on a lower aggregation level
of papers is related to the different co-operation types. and see what specific programs of the institute dom-
The results are shown in Table 3 for the period inate international co-operation, and what programs
1993-1996. We find that the institute gains the highest are more nationally oriented. This will be discussed

impact (far above world average) with publications in
international co-operation. This finding is quite gen-
eral (Narin and Withlow, 1990). A somewhat lower

impact but still considerably above world average is
found for publications originating from the institute

‘alone’. Remarkably, those publications that are writ-
ten in national co-operation, show the (relatively) low-
est impact (but still around world average).

From the addresses of the institute’s co-publications
we derived a country-specific co-operation profile.
The first 10 countries are UK, US, Germany,
Belgium, Switzerland, France, Italy, Spain, Finland,
and Sweden. Generally, the pattern of international
co-operation is dominated by two main factors:
first, the scientifically largest countries (most of
the ‘G7’ countries) have a large share, and second,
neighbour-countries play an important role. This pat-
tern is clearly visible, but there are some striking
features. First of all, the position of Finland is much
more prominent than one would expect from the
above general ‘rules’. Second, Switzerland shows up
as an important partner. The Finnish position reflects
a characteristic of TNO, the Institute’s Umbrella Or-

in Section 3.3.

In Fig. 5, we compare the country-specifio-
operation profile (‘co-workers in the knowledge
production’) with country-specific profile of theit-
ing publications (‘users of the produced knowledge’).
Discrepancies may suggest new possibilities for
co-operation and, possibly, new markets. Those coun-
tries that frequently cite the institute’s work may be
important as customers for the institute’s products and
services. We observe that several countries are much
more pronounced as ‘citing country’ than as ‘collab-
orating country’. This is particularly true for the US,
France, Italy, Canada, Japan the former USSR, and
Australia. This latter information could be interpreted
in terms of possible new co-operation partner and/or
markets.

Similar to the field-specific breakdown of citing
publication to fields (Section 2.2.2 and Fig. 3) we
also measured in this country-specific breakdown the
impact of the citing publications. We notice the low
impact of, among others, the Italian, Japanese and
Russian (partly former USSR) citing publications.
High impact citing papers are from the US, Germany,

ganisation. TNO served in the 1980s as an example Australia, Sweden, Switzerland and Finland. Perhaps
for a new Finnish applied research organisation, VTT. these high impact citing papers indicate countries
The strong emphasis of TNO on food research was where the institute has strong competitors, rather than
followed by VTT and since then the two organisations possibilities for new markets.
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Fig. 5. Comparison of the output and impact of the international co-operation profile with the international citing profile, 1990-1996.
Number and impact of publications in international co-operation, left side; number and impact of citing publications, by country, right side.
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Table 4
Institutional programs

Food Safety and Quality
Information Technology

Food Epidemiology

Occupation and Chemistry
Non-Food Analysis

Bio-Analysis

Pharmacology

Food Analysis

Contaminants and Organic Analysis
Packaging Research

Plant Biotechnology

Agro Raw Materials

Proteins, Carbohydrates, and Enzyme Technology
Gene Technology

Bio-Process Technology and Biomonitoring
Food Technology

Animal Feed and Meat Technology
Food Physiology

General Toxicology

Target Organ Technology
Explanatory Toxicology
Environmental Toxicology
Nutritional Microbiology

Animal Feed Technology

3. Research performance and interdisciplinarity

at the level of institutional programs

3.1. Basic indicators of research performance:

output, impact, interdisciplinarity

We choose for discussion two programs that are
characteristic for a Nutrition and Food Research
Institute: Food Epidemiology and Explanatory Toxi-
cology. We calculated the basic bibliometric indicators
presented in Chapter 2 for these two programs. The
results are presented in Table 5 for the trend analysis
1990-1996. This approach supports the institutional
research management to monitor the overall scientific
performance in main programs. In the next section,
the performance of each of these four programs is
broken down into specific fields (basic as well as ap-
plied) according to the profile analysis as discussed
in Section 2.2.1. First we present the results of the
overall analysis.

For the Food Epidemiology program the trend
analysis indicates a rather stable publication output.
However, a cleaiincrease of international research
impact from an already high to a very high level
is observed—CPP/FCSm is now far above world
average—together with a strong improvement in
the choice of journals (indicator JCSm/FCSm). Re-
searchers have more or less stabilised this program in
terms of size, but they successfully invested in quality.

The institute’s research in the Explanatory Toxicol-
ogy program shows a steady increase in publication
numbers, but a quite dramatic decrease in impact from
far above to just around world average. Journal choice
is around average international level.

The above examples make clear that there are
substantial differences in performance between the
various institutional programs. For the institute’s man-

As discussed in Chapter 1, the institute’s research agement and the researchers it is of vital importance
is conducted (during the time period covered by this to keep track of these developments in performance,
study) in about 25 programs. They are listed in Table 4. particularly for the benefit of a healthy international

Table 5
Trends of the basic indicators for two institutional programs, 1990-1996
P C CPP CPPex % Pnc CPP/JCSm CPP/FCSm JCSmM/FCSm % Scits
Food Epidemiology
1990-1993 68 220 3.24 2.22 47.1 1.39 1.46 1.05 314
1991-1994 65 246 3.78 2.88 30.8 1.39 160 1.15 24.0
1992-1995 64 407 6.36 5.09 29.7 1.59 218 1.37 19.9
1993-1996 62 421 6.79 5.21 25.8 1.29 244 1.89 233
Explanatory Toxicology
1990-1993 53 205 3.87 2.34 37.7 1.17 121 1.03 39.5
1991-1994 64 242 3.78 2.33 375 1.09 1.14 1.05 38.4
1992-1995 68 234 3.44 2.18 33.8 1.22 1.09 0.89 36.8
1993-1996 77 263 3.42 1.97 325 1.09 1.00 0.92 42.2
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co-operation. For instance, in Explanatory Toxicol- The above discussion of these research profiles
ogy there is substantial co-operation with Belgium, shows that it is possible to monitor the interdisci-
France, UK and Japan. Decreasing scientific perfor- plinary ‘mix’ of institutional programs, particularly
mance might, on the longer term, endanger further the ‘dominating’ fields and the research performance
co-operation and possible markets. On the other hand,within these fields.
in Food Epidemiology the institute may focus on fur-
ther collaboration with centres of excellence. 3.3. Scientific co-operation within
application-oriented programs
3.2. Interdisciplinary science base
of application-oriented programs In Section 2.2.2, we hypothesised that those coun-
tries with which the institute maintains a relatively

The breakdown of the publications of each research strong collaborative relation in specific programs,
program into fields, and the determination of the im- are also the countries that are important as cus-
pact in these different fields, gives a comprehensive tomers for the institute’s products and services.
overview of all fields involved in the interdisciplinary  Therefore, it is important to analyse international
research scope or ‘profile’ of a program. We here co-operation on a lower aggregation level and to find
again focus the discussion to the two chosen pro- out which programs of the institute dominate inter-
grams. We present the research profiles of the period national co-operation, and which are more nationally
1990-1996, see Fig. 6a and b. The research profilesoriented.
of the institute’s programs provide a clear insightinto  The programs chosen as an example for analy-
the interdisciplinary ‘composition’ of these programs, sis on a departmental level are characterised by a
i.e. the fields in which the researchers in a program are considerable but not exceptionally high amount in-
active as given by the journals used by the researchersternational co-publications. Whereas the institutional
for their publications. average is around 25%, for Food Epidemiology the

We observe that in the institute’s Food Epidemiol- number of publications in international co-operation
ogy program major research fields are Nutrition and is 17% and for Explanatory Toxicology it is around
Dietary Research, Public Health Research, Oncology, the institutional average, 24%. The first program
and Medicine (General). The performance in all these is more nationally oriented. Given the high impact
fields is (far) above world average (see CPP/FCSm of the research in this program, the potential for
values given in the figure behind the name of the field), international co-operation with foreign centres of
as can be expected given the total impact of this pro- excellence is higher. With an institutional average
gram. From the 1993-1996 data (van Leeuwen and of about 50% for (intra-)national co-operation, the
van Raan, 1998) we find that in the most recent years national co-publications amount to 65% in Food
Oncology increased its share considerably in publi- Epidemiology. Explanatory Toxicology is with 54%
cation output in the Food Epidemiology program. It around institutional average. A further analysis of the
shows the growing scientific interest in the relation institute’s programs shows that Gene Technology has
between food and cancer. the highest amount of international co-publications,

The institute’s program on Explanatory Toxicol- 30%, and Occupation and Chemistry with the lowest,
ogy is also dominated by Oncology, be it with impact 7%. As often, we see that more socially oriented R&D
around world average (see CPP/FCSm values), and(here: labour conditions) will be less internationally
Toxicology, with performance above world average. oriented than a typical ‘hard-science’ field such as
Smaller fields of activity are Genetics and Heredity genetic research.
(impact below world average) and Biochemistry and  Co-operation with other countries shows preference
Molecular Biology, with impact above world average. for specific programs. We mentioned in Section 2.2.2
In the recent period 1993-1996 the basic field for this the special position of Finland. Co-operation with
program, Toxicology, increased its share in publica- this Nordic country is particularly focused on Food
tion output, but the impact decreased to around world Epidemiology. Co-operation with neighbouring (and
average. partly same language speaking) country Belgium
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concerns mainly Gene Technology and Explanatory Toxicology. Co-operation with Switzerland and the
Toxicology, whereas the co-operation with our other US focuses on General Toxicology. Specific interests
neighbours, Germany, is strongest in Animal Feed are also found for co-operation with further countries:
and Meat Technology. Co-operation with the UK con- Spain, Israel, and Thailand on Food Epidemiology,
cerns a broader spectrum, but particularly Explanatory Japan on Explanatory Toxicology.
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Fig. 6. (a) Research profile (output and impact per field), program on Food Epidemiology, 1990-1996. Impact is normalized to the field-based
world average (CPP/FCSm); (sub)fields with less then two papers are not displayed. Upper-bar relates to publications in 1993-1996,
lower-bar relates to publications in 1990-1993. On:thexis the (fractional) number of publications is given. Dark-coloured bars indicate
CPP/FCSm> 1.2; shaded bars indicate8< CPP/FCSm < 1.2; light-coloured bars indicate CPPCSm < 0.8. (b) Research profile

(output and impact per field), program on Explanatory Toxicology, 1990-1996. Legend: see Fig. 6a.
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Fig. 6. Continued).

4. Discussion of the results in the context programs, in total about 10 prominent researchers.
of an international audit Although the institute is a typical application-oriented
institute, there is an outspoken consensus about the
4.1. Opinions within the ingtitute and assessment importance of publishing articles in refereed, inter-
by an international audit national scientific journals. In cases where research

is better characterised as ‘development’ and mainly
We discussed the results of this study with divi- devoted to application of existing knowledge, the
sion heads and senior staff involved in most of the institute’s researchers agree that other media than
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international journals, such as reports and trade jour- publications. In a number of publications the institute
nals, are the primary publication outlets. The in- appeared as one of the addresses (mostly not the first
terviewed scientists also stressed that presentationone), indicating a co-operation with another institute
of results in international conferences is extremely or university group (often the ‘parent’ University of
important, particularly to keep pace with the rapid Utrecht). Although, given the addresses, these pub-
developments. lications are regarded formally as also an institute’s
There is a strong agreement that peer review must paper, the interviewed scientists indicated several ex-
remain the central part of any research evaluation pro- amples for which they regarded the contribution of the
cedure. But most of the scientists felt that a thorough institute as restricted. If such papers would be highly
bibliometric analysis such as conducted in this study, cited, then it would certainly give the wrong impres-
adds to the evaluation procedure important values sion to credit the institute with this performance.
that can hardly or not be provided by peers. Essential In this work, we emphasised the operationalization
‘added values’ are interviewed scientisibjectivity of an institute’s research profile. We conclude from
and new insights, particularly in terms of (1)}rends discussions with the interviewed scientists that this fo-
in impact, (2)profiles of the institute and its research cus is a good choice. It is clear that the typical inter-
programs, proving the outspoken interdisciplinary ac- disciplinary character of the institute makes the use of
tivities of the institute, and (3omparison with other these profiles much more ‘profitable’ than in the case
institutes or with international standards. Another of, for example, astronomy research were the profiles
important ‘added value’ provided by this analysis are evidently dominated by one discipline (van Raan
is insight into (4)publication strategies both on an and van Leeuwen, 1995). Particularly, the comparison
individual as well as on the institutional level. between profiles of earlier and of recent periods were
The institute’s researchers argued that it is not al- considered as very informative. The interviewed sci-
ways possible to publish the results of their work, due entists agreed that accurate ‘fingerprints’ of changes
to strict confidentiality of certain projects. In such in research orientation are provided by these profiles
cases, bibliometric analysis is not applicable, and and that the recent research policy history of the insti-
also peers will not be able to assess the performance.tute is reflected remarkably well. The institute’s sci-
‘Judgement by users’ will be prove of the quality of entists explained the relative decline in performance
the work, but this will concern the applications, and by apolicy-induced shift from a moréasic-oriented
not scientific value. So a problem may arise for the toward a morepplication-oriented research program.
institute: how to make new knowledge, and thus sci- The scientists feel that this policy decreased the re-
entific progress, on the basis of confidential projects? search performance in terms of international impact
Somehow these client-bound experiences must find or ‘visibility’.

their way to contribute to the general scientific de-
velopment of the field. A possibility is to lay down
application-oriented new knowledge in patents, but

The indicator JCSmM/FCSm gave rise to lively
discussions about the role of journals in a specific
(sub)field, and the choice of these journals. Quite

most scientists did not consider patenting as a primary outspoken was the statement that in some cases it is

means of (applied) scientific ‘communication’.

All division heads and senior staff agreed that the
results of this bibliometric analysis are largely consis-
tent with their opinions about the level of performance,
and most particularly with the trends and even with the

better to choose for ‘sub-top’ journals and to have
a publication relatively rapidly published, than to
start a lengthy ‘struggle’ to get your work published
in a top-journal. It would cost too much additional
time for relatively small improvements. Especially

details as represented in the ‘research profiles’. Therethis situation is pertinent to American top-journals,
were some discrepancies between the perceived qualsparticularly for European researchers.

ity of individual researchers and the ‘citedness’ of their

The international audit committee was concerned

papers. The interviewed scientists underlined the im- about the institute’s more longer-term research pro-
portance of the breakdown of the institute’s papers into gram, possibly signalled by of a slowing down of

different types of co-operation and stressed the prob- publication numbers. Although the committee ap-
lem arising from the ‘interpretation’ of co-operative preciated the reinforcement of application-oriented
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activities, they warned that further market-orientation Merton, R.K., 1972. The institutional imperatives of science.
should not lead to a decrease of incentives for basic In: Barnes, B.S. (Ed.), The Sociology of Science. Penguin,

research. This committee considered the bibliomet-  Harmondsworth.
Moed, H.F., Burger, W.J.M., Frankfort, J.G., van Raan, A.F.J.,

ne reS_UIts_ _as Che_lraCtenStIC_ da’_[a for the health of 1985. The use of bibliometric data for the measurement of
t[he S_C|ent|f|c position of the_mSt'tUte as awhole and  ynjversity research performance. Research Policy 14, 131-
its different programs. Particularly, the CPP/FCSm  149.

indicator was considered as important. The audit Moed, H.F, de Bruin, R.E., van Leeuwen, Th.N., 1995. New
committee took the view that the ‘scientific image’ of bibliometric tools for the assessment of national research

L . . o . , performance: database description overview of indicators and
the institute is essential for its ‘market attractiveness’. first applications. Scientometrics 33, 381-425.

We conclude that our quantitative* bibliometric Moed, H.F., van Leeuwen, Th.N., 1995. Improving the accuracy of
analysis reveals important research management and the institute for scientific information’s journal impact factors.
policy relevant aspects of scientific performance. Itis  Journal of the American Society for Information Science
an efficient tool tomonitor and toevaluate the posi- (JASIS) 46, 461-467.

tion of a research institute in international context. In Mol‘jg'tﬂé':'ég:‘” i‘segu""e”' Th.N., 1996. Impact factors can mislead.

this case, the institute uses our b_lbllome_trlc perfo_r- Narin, F., 1976. Evaluative Bibliometrics: The Use of Publication

mance assessment to prepare an international audit.  and Citation Analysis in the Evaluation of Scientific Activity.

National Science Foundation, Washington, DC.

Narin, F., Withlow, E.S., 1990. Measurement of Scientific
Co-operation and Co-authorship in CEC-Related Areas of
Science. Report EUR 12900. Office for Official Publications of
the European Communities, Luxembourg.
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metric indicators of scientific performance: a comparison of
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