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In this rejoinder, I structure my comments around a number of main topics dis-
cussed by the authors of the commentaries.

ASSESSMENT OF THE
BIBLIOMETRIC INSTRUMENT

This is an important point (Veugelers, this issue): As in all empirical research,
one has to know not only “what” is measured, but also “with what” one is mea-
suring. In other words, one has to know the characteristics of the measuring in-
strument. In this context, it is crucial to realize that the “bibliometric instrument”
can be used for two main tasks: the evaluation of research performance (Gar-
field, 1979), and the study of science as a knowledge-generating and communi-
cation system and its interaction with technology (Feller, this issue; Veugelers,
this issue). For a proper application of bibliometric indicators, the technical sys-
tem on which these indicators are based must, first of all, be sufficiently ad-
vanced and sophisticated.

A short discussion of several crucial technical issues that also illustrate the limi-
tations of bibliometric analysis is given in Intermezzo 1. Methodological issues are
under discussion in most of the further comments in this rejoinder. For a detailed,
general discussion on the validity and reliability of evaluation of scholarly perfor-
mance, I refer to Nederhof (1988).
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INTERMEZZO 1: TECHNICAL PROBLEMS

The most central technical process, on which citation analysis is entirely based, is
the matching of citing publications with cited publications. With this process, the
following is meant. When in a publication (which is the “citing publication”) a ref-
erence is given to another publication (which is the “cited publication”), the refer-
ence has to be identified as an earlier “source publication” in the citation indexes.
This in fact is the most important technical procedure that has to be executed by
any producer of citation indexes. A considerable number of errors may occur in the
citing–cited matching process, leading to a “loss” of citations to a specific publica-
tion. Frequently occurring nonmatching problems relate to publications written by
“consortia” (large groups of authors); variations and errors in author names, partic-
ularly—but certainly not only—authors from non-English speaking countries; er-
rors in journal volume numbers; errors in initial page numbers; discrepancies due
to journals with dual volume-numbering systems or combined volumes; or jour-
nals applying different article numbering systems. These nonmatching citations
are highly unevenly distributed in specific situations, which may cause an increase
of the percentage of lost citations of up to 30% (Moed, 2002). So if the citation in-
dexes are used for evaluation purposes, all of these possible errors have to be cor-
rected as much as possible.

A second important technical problem relates to the attribution of publica-
tions—and with that, of the citations to these publications—to specific organiza-
tions such as institutes, university departments, and even on a high aggregation
level to the main organization—for instance, universities. Very often, it is thought
that the citation indexes can simply be scanned to find all publications of Univer-
sity X. This assumption is based on the argument that all these publications clearly
mention somewhere in the address data of the publication “University X” as the
main affiliation of the authors. But this assumption does not hold at all. Next to
variations in the name of the same university, departments and institutes (in many
variations) are to a nonnegligible extent mentioned without proper indication of
the university. Furthermore, groups or institutes of a national research organization
(such as the French Cxxxx Nxxxx Rxxxx Sxxxx) are quite often mentioned instead
of the university where the research actually takes place. The same problems occur
for “graduate schools.” Even the name of a city as such will not always be suffi-
cient, as parts of universities may be located in suburbs.

Another difficulty with large research organizations is to distinguish the many
institutes within the main organization. Very problematic in this respect is captur-
ing the medical research of universities, as often only the medical school and/or the
name of the hospital is mentioned without the university being indicated. One ex-
plicitly needs the names of all those hospitals in a specific city—and also in the
suburbs of a city—that are in fact university hospitals. So again, problems related
to names of cities and their suburbs play a crucial role. Again, large efforts in
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cleaning and rebuilding the original Institute for Scientific Information (ISI) cita-
tion indexes are necessary to solve this problem.

On top of that, further problems arise when two or more universities are within
one city. In some cases, these problems are so large (e.g., in the case of Vrije
Universiteit Brussel and the Université Libre de Bruxelles, both are indexed as
“Free University [of] Brussels”) that it is virtually impossible to distinguish both
universities on citation-index based address data only. Similar problems occur for
Leuven and Louvain-la-Neuve. Next, there are major differences in research sys-
tems between countries affecting the definition of a university. For instance, the
University of London is not a university anymore in the usual sense. It is an um-
brella organization covering several different, virtually autonomous universities.
But in Paris and other French cities, no such umbrella structure exists. There we
deal with completely autonomous universities that were originally part of one
mother university. As a consequence, it is very cumbersome to distinguish be-
tween departments, medical schools, and hospitals of these different universities
within a city.

All these affiliation-related problems require very careful and mostly cumber-
some cleaning and, in addition and most important, as discussed previously, unifi-
cation of addresses and attribution of publications to the proper main organization,
including unification of cities with their suburbs. As in the case of the earlier men-
tioned technical problems related to discrepancies in cited references, large and
continuous efforts are necessary to rebuild the citation indexes into a data system
that is accurate enough to be used for the calculation of bibliometric indicators and
to be applied for evaluation purposes.

Work by Other Groups

My article is written mainly as a tutorial based on the many practical experiences
of our group in Leiden, with an emphasis on standardization. Given this approach,
I can understand that, in the comments, a high number of self-citations and even a
neglect of work by other groups (Lewison, this issue; Veugelers, this issue) are
mentioned. A more comprehensive overview of measuring science—with ample
discussion of, and references to, the advances made by other groups—is given in
the first chapter of the new Handbook of Quantitative Science and Technology Re-
search (van Raan, 2004a).

Journal Coverage

Any index system has, by definition, a restricted coverage. This has advan-
tages—for instance, a focus on core literature in, at least, most of the natural and
life sciences—and disadvantages (Feller, this issue; Lewison, this issue;
Veugelers, this issue), for instance, a too limited view on scientific communica-
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tion, particularly in the applied sciences, social sciences, and humanities. Never-
theless, also in these latter disciplines—but to a lesser extent in the humani-
ties—researchers tend to publish more and more in core literature journals
(Glänzel, 1996; Hicks, 1999).

Broader journal coverage of a publication database as compared to the Citation
Index (CI) system (Veugelers, this issue) will, however, introduce new difficulties,
in particular those similar to the impact dilution effects of non-English language
journals covered by the CI. The reason is the (very) low impact of these journals
(i.e., of most of the publications in these journals). Problems may occur even at
high aggregation levels, such as entire countries—see Intermezzo 2. Extension of
journal (and other media) coverage will introduce similar problems, as most of the
added journals will have a considerably lower impact as compared to the already
covered journals. So I think that any large-scale extension of the CI will inevitably
lead to an even stronger and more status-related distinction between core and pe-
ripheral journals. A new discussion about what constitutes scientific impact in the
context of a much broader index system will certainly arise.

INTERMEZZO 2: LANGUAGE PROBLEMS

Recent work (Grupp, Schmoch, & Hinze, 2001; van Leeuwen, Moed, Tijssen,
Visser, & van Raan, 2001) shows that the utmost care must be taken in interpreting
bibliometric data in a comparative evaluation, even in the case of national research
systems (May, 1997). The measured value of impact indicators of research activi-
ties at the level of an institution and even of a country strongly depends on whether
one includes or excludes publications in CI-covered journals written in languages
other than English. This is due to the simple fact that the CI covers non-English
language (particularly French- and German-language) journals of which the arti-
cles have a considerably lower impact than those in the English-language journals.
So if researchers use these non-English language journals for publications, these
publications are indeed formally entered into the citation indexes. But generally,
the impact of publications of these French- and German-language journals is
(very) low. So in the calculation of impact indicator, these publications count on
the output side, but they contribute very little, if any at all, on the impact side.

Therefore, such non-English language publications considerably dilute the
measured impact of a university or a department. We have clear empirical evidence
(van Leeuwen et al., 2001) that the use of German-language journals covered by
the citation indexes may lead to about 25% lower measured impact. Simply by re-
moving the publications in these German-language journals and using only the
English-language journals (which is fair in an international comparison and cer-
tainly in a comparison with, e.g., the United States and the United Kingdom), the
measured impact will “improve” 25% for the whole medical faculty of a univer-
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sity! No doubt there will be the same effect for French-language journals. These
findings clearly illustrate again that indicators need to be interpreted against the
background of their inherent limitations, such as, in this case, effects of publication
language, even at the macro level of entire countries, but certainly at the level of in-
stitutions.

The comments concerning the monopoly position of the Institute for Scientific
Information (ISI/Thomson Scientific)—and, partly related to this, the poor cover-
age in fields like the social sciences and the humanities—are certainly important
and directly related to the previously mentioned discussion (Veugelers, this issue).
Weingart (2003) pointed to the very influential role of the monopolist citation data
producer ISI/Thomson Scientific, as its commercialization of these data (Adam,
2002) rapidly increased the nonexpert use of bibliometric indicators such as rank-
ings (Shanghai Jiao Tong University, 2003). I refer to the recent discussion initi-
ated by Weingart (van Raan, in press-a; Weingart, 2003). Probably, the new publi-
cation database, Sxxxx Cxxxx Oxxxx Pxxxx Uxxxx Sxxxx, which was created by
a consortium of publishers coordinated by Elsevier, will change this monopoly sit-
uation by, say, 5 years from now.

Skewness of Distributions, Other Statistical Properties,
Scaling, Networks

Skewness of citation distributions (Veugelers, this issue) is a major element in
bibliometric analysis (Haitun, 1982; Lotka, 1926; Naranan, 1971). Therefore, an
extensive study of the statistical properties (Lewison, this issue; Zitt, this issue)
of bibliometric measures is of crucial importance, and it is one of the central is-
sues in the earlier mentioned point of the assessment of the bibliometric instru-
ment. For instance, how does our crown indicator—average number of citations
per publication divided by the world average in a combination of fields
(CPP/FCSm)—which is based on calculations using mean values, relate to mea-
sures based on (the top of) citations distribution functions of journals or fields
(Lewison, this issue; Zitt, this issue)?

Because of the skewness of the underlying distribution functions (Redner,
1998; Seglen, 1992, 1994), confidence intervals of bibliometric indicators are a
special problem. By virtue of the central limit theorem, however, bibliometric indi-
cators based on mean values of, for instance, the number of citations per article of
research groups tend to follow a more normal distribution. This provides us with
the possibility of estimating confidence intervals. In my focus article, I did not dis-
cuss such intervals, but as a general rule, we indicate in our bibliometric studies the
statistical significance of indicators as presented in Table 1 of the focus article (see,
e.g., recent Centre for Science and Technology Studies reports). These calcula-
tions are based on a model of the statistical reliability of citation impact compari-
sons developed by Schubert and Glänzel (1983).
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A forthcoming article (van Raan, in press-c) addresses in detail the statistical
properties of bibliometric indicators. Another forthcoming article (van Raan, in
press-b) discusses the properties of networks based on bibliographic coupling.
Knowledge about the statistical properties is also necessary for a deeper under-
standing of the network structures that can be created on the basis of citation and
word-similarity linkages (Zitt, this issue). I point out that I contributed to the study
of the basic statistical characteristics of bibliometrics by one of the very few—or
even the only—ab initio model for the distribution of citation over publications
(van Raan, 2001).

The power-law functions that characterize the correlation between number of
citations and number of publications at higher aggregation levels such as countries
or fields of science (Katz, this issue) strongly suggest scaling properties of the sci-
ence system. Also, the networks (Zitt, this issue) in science, based, for instance, on
cocitation, bibliographic coupling, coword, or coauthor relations, show self-simi-
lar, scale-free structures (Newman, 2001a, 2001b, 2001c; Peters & van Raan,
1991; Price, 1965). This poses the problem (Zitt, this issue) of which, if any, level
of aggregation has a preferential position. A practical answer is that, in many natu-
ral network systems—and science is not an exception—we have both a network
structure and different forms of hierarchical clustering (Albert & Barabási, 2002;
Amaral, Scala, Barthélémy, & Stanley, 2000; Klemm & Eguíluz, 2002; Mossa,
Barthélémy, Stanley, & Amaral, 2002). A research group is such a natural cluster-
ing, and it is generally accepted that the research group—mostly a team of junior
and senior researchers around one or two leading professors—is the most impor-
tant working-floor entity in science.

I agree that large differences in size of research groups may introduce problems,
as discussed clearly by Zitt (this issue), in impact-normalization procedures. This
problem is nicely illustrated by Figure 1 in van Raan (2000), where the (field-nor-
malized) crown indicator CPP/FCSm is given for about 150 physics groups of dif-
ferent sizes (size approximated by the number of publications of a group). Clearly,
the larger the group, the more the indicator value tends to 1, which is the asymp-
totic value (viz., for the case where the “group” is all physics publications in the
whole world). Indeed, in interinstitutional or intergroup benchmarking, size mat-
ters. The increase of empirical data on bibliometric indicator values for a large
range of entities of different sizes will provide us with the possibility of investigat-
ing this important problem more thoroughly.

The problem of size-dependent normalization is also clearly visible in the cu-
mulative advantage effects (Katz, this issue) related to the power-law correlations
between citation numbers and publication numbers. Katz’s observations are most
important, and I discuss these findings in more detail in my forthcoming article on
statistical issues (van Raan, in press-c). I restrict myself here to one specific point.
The scaling relation between citations and publications shows power-law behavior
with an exponent between 1 and 2. On the basis of this finding, one may conclude
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that larger entities (i.e., entities with a larger number of publications) have a cumu-
lative advantage or a Matthew effect (XXXXXX, XXXX) in receiving citations.
Thus, it is argued that size-related corrections are needed to arrive at scale-inde-
pendent measures (Katz, this issue). In simple words, larger groups should be pun-
ished for their size.

Immediately, a conceptual problem emerges: Why should we do that? Clearly,
an increasing size—at least at the level of research groups—is in itself an indica-
tion of performance: A group that performs well will generally grow. In this re-
spect, cumulative advantage is part of a well-deserved impact! But moreover, if we
take the indicator CPP, then it follows immediately from the previously mentioned
exponent that this indicator has a cumulative disadvantage for larger groups, as the
power-law exponent will now be between 0 and 1.

So by working with the CPP indicator, larger groups have a disadvantage: A
larger number of publications will, as it were, dilute the total impact. The earlier
mentioned size-dependent behavior of the CPP/FCSm indicator is a striking exam-
ple of this effect. We certainly need more research to better understand this re-
markable coincidence of advantage and disadvantage in relation to size-related
normalization (Katz, this issue; Zitt, this issue).

Bibliometric Mapping and Field Definitions

Field-definition based on a set of journals (Lewison, this issue; Zitt, this issue) is
certainly not ideal. But it provides a first practical, standardized, and consistent ap-
proach to the problem of how to delineate fields, subfields, and research themes.
Indeed, for a better understanding of scientific development, we need more ad-
vanced ways to define fields of science. Bibliometric mapping offers us ample op-
portunities, as the clusters found in the map relate to meaningful structures (“enti-
ties”) in science. Bibliometric mapping as discussed in the Mapping the Structure
of Interdisciplinary Research section of my focus article is based on word-similar-
ity structures and is therefore completely independent of citation relations
(Veugelers, this issue). Thus, this mapping methodology can be applied to all types
of documents in any data system. For instance, the microelectronics map presented
in my focus article is based on data from the physics and computer science data-
base Ixxxx Nxxxx Sxxxx Pxxxx Exxxx Cxxxx. By using conference databases,
maps can be created with a smaller time delay for those fields where conferences
are used by researchers as first communication channels (Veugelers, this issue). I
stress, however, that publication in top journals (Nature, Science, Physical Review
Letters) can often be considerably faster than publication in conferences proceed-
ings! Moreover, by using top journal publication data as elements for mapping, I
focus on the forefront of science rather than on the mainstream, which is domi-
nated mainly by followers. So we see that mapping can be performed in different
modalities, all highlighting different aspects of the science system.
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By applying the mapping methodology at different levels of aggregation, fields,
subfields, and research themes can be found. As these fields, subfields, and re-
search themes are characterized by specific concepts, it is possible to classify
(Lewison, this issue) these entities, and thus also the publications covered by these
entities, in to categories such as “experimental,” “theoretical,” “clinical,” “instru-
ment development,” and so on. Furthermore, these entities can be used for a
theme-specific normalization (Zitt, this issue) of the impact measures. And this is
precisely what we did in our recent combined evaluation and mapping studies (see
our mapping Web site1). I think it is too simple to state (Zitt, this issue) that the
main progress in the mapping methodology has been brought about by natural lan-
guage processing after the pioneering work in the 1980s. Word-similarity based
mapping was for quite a long time almost dead, and the Leiden group has been one
of the very few that revitalized this approach by the further pioneering work of
Braam, Moed, and van Raan (1991x), Peters and van Raan (1993a, 1993b), and
Engelsman and van Raan (1994), including the study of the dynamical properties
of bibliometric maps. A fundamental problem of these dynamical properties con-
cerns the conceptual difficulties in retrospective studies—in other words, in recon-
structing the past (see Noyons & van Raan, 1998).

The importance of the role of the user of maps is particularly stressed in the
Leiden group’s work, and this has two crucial components. First, to navigate in the
map and to retrieve specific data, the user needs additional facilities that can only
be realized in advanced Internet-based user interfaces. Second, the problems of
“reading” abstract representations such as bibliometric maps should not be under-
estimated. Collaboration with psychology researchers is necessary to reshape
bibliometric maps into cognitive maps. I refer to the Leiden group’s current map-
ping work (Buter et al., 2004; Noyons et al., 2003a, 2003b).

The discovery of “new and unexpected linkages” (Lewison, this issue, p. 31) is
certainly an interesting element in mapping methodology. Whether such discover-
ies can be regarded as“spectacular successes” (Lewison, this issue, p. 31) is a mat-
ter of taste. In my opinion, the importance of bibliometric mapping is that it allows
us to discover the structure of the scientific and technological landscape. Also, in
general terms, and as a next step, it allows us to gain concrete and detailed insight
into the development of fields of science and technology and their interac-
tion—that is, the “knowledge flows” between them (Zitt, this issue, p. 38). More-
over, this mapping methodology is appropriate to visualize the position of research
and development (R&D) activities of universities, institutes, and groups (Noyons,
Luwel, & Moed, 1999) in the international landscape in relation to interdisciplin-
ary R&D developments (Feller, this issue) and particularly in relation to socioeco-
nomic problems. Furthermore, mapping allows the identification and positioning
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of the major actors. It even provides the possibility of foresight (van Raan &
Noyons, 2002).

Citation Behavior, Time Lags

We do not have an adequate a priori theory of citation behavior (Lewison, this is-
sue; Veugelers, this issue; Zitt, this issue), let alone field-dependent components of
such a theory. My guess is that there will never be such a theory and that one can
only build on empirical findings to be gained by large-scale application of
bibliometric indicators in many situations (different fields, different levels of ag-
gregation, etc.). The motives for giving (or not giving) a reference to a particular
article may vary considerably (Brooks, 1986; MacRoberts & MacRoberts, 1988;
Vinkler, 1998). So undoubtedly the process of citation is a complex one, and it cer-
tainly does not provide an ideal monitor of scientific performance (MacRoberts &
MacRoberts, 1996). This is particularly the case at a statistically low aggregation
level—for example, the individual researcher. But in my opinion, again, there is
sufficient evidence that these reference motives are not so different nor randomly
given to such an extent that the phenomenon of citation would lose its role as a reli-
able measure of impact. An important empirical support is given by the correlation
between the outcomes of peer judgment and bibliometric results in research per-
formance assessments. A short discussion of this topic is given in Intermezzo 3.

INTERMEZZO 3: PEER REVIEW
AND BIBLIOMETRIC ANALYSIS

The results of peer review judgment and those of bibliometric assessment are not
completely independent variables. Peers take bibliometric aspects into account in
their judgment of, for instance, (number of) publications in the better journals.
Thorough studies of larger-scale evaluation procedures in which empirical mate-
rial is available with data on both peer judgment as well as bibliometric indicators
are rare. I refer to Rinia, van Leeuwen, van Vuren, and van Raan (1998) for a com-
parison of bibliometric assessment based on various indicators with peer review
judgment in condensed matter physics, and to Rinia et al. (2001) for a study of the
influence of interdisciplinarity on peer review in comparison to bibliometric as-
sessment. In the Leidens group’s current work, the relation between bibliometric
assessment and peer judgment for 150 chemistry research groups in the Nether-
lands (Vxxxx Sxxxx Nxxxx Uxxxx, 2002) is studied. Generally, these studies
show that there is considerable agreement between measurement of research per-
formance and the results of peer review. But at the same time, remarkable differ-
ences are found in which peer judgment does not necessarily have to be considered
right (Horrobin, 1990; Moxham & Anderson, 1992).
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A frequently posed question concerns the delay problem (Veugelers, this is-
sue): Does bibliometric analysis suffer from a substantial delay in the measure-
ment of research performance (Egghe & Rousseau, 2000)? An answer to this
question requires further refinement: delay as compared to what? To the average
processing time of a publication? To the average running time of a project? Or to
peer review time cycles? The entire process—starting with scientific activities
and leading to publishable results, writing of an article, submission of the article,
publication of the article, and citations to the article—varies considerably for the
different fields of science and often within a field. Depending on type of activi-
ties and type of results, it may take years, but during that time, the work is im-
proved. The whole processing time cannot be regarded as a delay or a waste of
time. Furthermore, the average duration of a major research project is about 4
years, and the same is the case for most peer review time cycles. Also, during
the publication process, the awareness of the scientific community (and peers!)
evolves (e.g., average time between field-specific conferences, etc.). We also
have cases where the analysis can be performed almost in real time, as illus-
trated by an example of a recent physics article with citing articles published in
the same year as the cited publication.

The previously mentioned implies that bibliometric awareness does not neces-
sarily take more time than peer awareness. Moreover, the bibliometric system it-
self proves empirically the robustness of the method simply by showing that, in
many cases, citation-analysis based indicators for universities, institutes, and
larger research groups are remarkably stable, as illustrated clearly by the results
presented in Table 1 of the focus article. I conclude that recent past performance is
a reliable predictor for near-future performance.

We also have to keep in mind that the importance of a publication does not nec-
essarily appear immediately, even to peers, and that identification of quality may
take considerable time. An interesting phenomenon in this respect is the “Sleeping
Beauty in Science” (Garfield, 1980; Glänzel, Schlemmer, & Thijs, 2003; van
Raan, 2004b), a publication that goes unnoticed (sleeps) for a long time and then,
almost suddenly, attracts a lot of attention (is awakened by a prince).

Efficiency of Research

It is important to develop research information systems that cover more than sim-
ply publication data (e.g., number of full-time equivalents for research, mission,
and objectives; age distribution data of the research personnel; data on facilities;
supporting personnel; data on funding; etc.). Such an extension to nonbibliometric
data or, in general terms, institutional-context data (Feller, this issue) would allow
us to gain a deeper insight into important aspects of research performance, particu-
larly the efficiency of research (Veugelers, this issue) and its social characteristics
(Gläser & Laudel, 2001).
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