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Executive summary

This report covers a large-scale bibliometric stadythe scientific output and impact
of academic mathematics and statistics researdhenNetherlands during 1993 -
2002. The study covers the complete scientificaeseoutput of Dutch researchers
(only those affiliated with mathematical units afiversities in the Netherlands or the
NWO-institute CWI in either a permanent or a terwaek position on September 1st,
2003) active in these two fields, and its relatesha. The main focus of the study is
on aggregations of these researchers and theirutoutpathematical units of
universities and the NWO-institute CWI, and reskachools. The bibliometric study
includes analyses of scientific publications codelog source journals of the Science
Citation Index and associated Citation Indices Ignef: Cl-publications), and a
limited analysis of the other scientific publicat® (‘non-Cl publications’; non-
scientific publications were not included).

While the first three sections of this report déserthe general methodology and
indicators applied in this study, the main findirege presented in sections 4 and 5.
Section 6 contains background information on oufgd citation characteristics of
mathematics research. Finally, Section 7 provide®al comments and discussion.

The bibliometric indicators that are presented he teport all describe specific
characteristics of the research analysed. Howereang the bibliometric indicators
presented in this study, the three normalized atdis of citation impad€PP/JCSm,
CPP/FCSm andJCSm/FCSmare perhaps the strongest, as they provide infitmma
relative to the worldwide environment of the resbaHere CPP/JCSmexpresses the
appreciation of an output as the mean received pumibcitations per publication of
mathematics and statistics research units in thiddands (CPP) compared to that of
the articles in the journals in which the publioas appeared (JCSm). These journals
are classified into CI fields (e.gMathematics; Statistics & probabilityand
CPP/FCSmcompares the mean received number of citationpygarcation to that of
articles in the fields to which the journals beloffgCSm). Finally,JCSm/FCSm
indicates the overall journal quality in which tbetput was published by comparing
the mean CPP of a journal with that of the corresipay Cl field.

The overall analysis of Dutch mathematics and stesi research covers 3,116
publications in journals processed for the Citatindices. This output receives in
total 10,677 citations, that is, including selfatibns. The mean impact is 2.38
citations per publication, which results @PP/JCSmandCPP/FCSmscores of 1.13



and 1.17, both significantly above worldwide averagvel. The Dutch output
appeared in journals with an impact level thaispetitive with the world average.

Universities or institutes with a relatively largatput (>400 publications) are: TUE,
TUD, UT and CWI. Of these four, TUE and CWI havghhimpact scores, and UT a
relatively low impact. Five universities have artput ranging between 200 and 400
publications over ten years: VU, UVA, UU, UVT, abll. Here, UU and UvA have
high impact scores. The other four universitiesehawn output smaller than 200
publications in the period 1993 - 2002.

The study includes three mathematics research kghoand four other
‘multidisciplinary’ research schools that cover heahatics and one or more other
disciplines (Beta, Burgerscentrum, CentER, and DI8&e, only publications of
mathematics and statistics researchers are indluddmt surprisingly, the largest
output is found in the three mathematics schodigltfes, MRI, and EIDMA, with
the first two having a high citation impact. DIS&@sha high impact as well.

A remarkable result of the knowledge user analigsthat mathematics and statistics
papers are more often cited by papers outsidedah®uh of mathematics and statistics
than by papers inside that domain. This illustrates relevance of mathematical
research in the Netherlands for researchers attiveore applied fields of science
and technology.

An important issue in the study concerns the appllity of a bibliometric study to
non-Cl publications appearing in media that are aoMered by the Citation Indices
(See Section 5). The citation impact of ‘non-Cl jdtions’ of Dutch mathematics
and statistics researchers can be derived frorCittaéion Indices. A limitation of the
non-Cl analyses is that the impact of non-Cl puwtians could not be compared to
international reference values. Findings show dfaiut equal numbers of Cl and non-
Cl publications were produced, although the ratioCb and non-Cl publications
varied considerably among universities. In gendars, mean CPP scores for non-Cl
publications were lower than those for CI publioas included in the study. This
might be the result of retrieving citations onlgrr the journal literature processed for
the Citation Indices, possibly a disadvantage lier mon-Cl publications. However,
the present citation impact scores provide a censlide advantage to non-Cl
publications, as self-citations of co-authors halween included for non-Cl
publications, but were removed for Cl publicationkis notwithstanding, the findings
show that:



1. Non-ClI publications contribute considerably to #wentific output of Dutch
mathematicians in terms of numbers;

2. The total volume of citations to non-Cl publicatois considerable, although
the average number of citations per publicatiordseto be lower than that of ClI
publications. This is as expected, as the Citalimiices prefer to cover high impact
media;

3. For two to three out of thirteen universities, ttmpact of non-Cl publications
is considerably higher than of their Cl publicasofowever, these universities are
cited above average in the Cl analyses. For theratime universities and the CWI
institute, impact of Cl publications is either hggtthan, or about equal to, that of their
non-Cl publications.

In general, the findings from the limited non-Clafrsis seem to accord reasonably
well with the results and conclusions obtained hie Cl analysis. Combined, the
analyses indicate that the impact of academic madkies and statistics research in
the Netherlands is well above world average duti®g3 — 2002.






1. Introduction

The objective of the present study is to providsight in important aspects of

publication output and international impact of amait mathematics researchers of
participating research schools (EIDMA, MRI, Stiefj as well as Beta,

Burgerscentrum, CentER, and DISC), which wereiaféd with mathematical units

of universities in the Netherlands or the NWO-itngg CWI in either a permanent or
a tenure track position on September 1st, 2003.

The study was commissioned by the Exact SciencesiDivof NWO (NWO-EW). It
covers the period 1993 - 2002 for both publicatiand their citation impact. In our
experience, a period of about eight to ten yearsideded to assess research
performance fully. This period allows most unitpt@duce a number of publications
sufficient for statistical analysis. The study rawarily, but not exclusively, based on
a quantitative analysis of scientific articles psitséd in journals and serials processed
for the CD-ROM versions of the Science Citationdrand eight associated indices
(in brief: Cl): the Science Citation Index(SCIl), theSocial Science Citation Index
(SSCI), and théArts & Humanities Citation Index (A&HCI), recently extended
with six specialty Citation Indices (Compumath, @fistry, Materials Science,
Biotechnology, Biochemistry & Biophysics, and Nescignce).

Using bibliometric techniques, the present studsesses the publication output and
citation impact of universities, research schoats] fields in the Dutch mathematics
landscape. Furthermore, we analyse the effectesgarch performance of academic
rank of the researchers as well as of the countrggion where the researchers were
trained. The impact, as measured by citationspmpared with worldwide reference

values.

Both non-serial scientific literature and scieuwtifiublications in journals not covered
by the CI (both designated as ‘non-Cl publicatipnare important for Dutch
mathematics and statistics research. Thereforeitedl bibliometric study has also
been directed at the assessment of the citatiormdmpf these scientific non-Cl
publications.

In recent years, CWTS has made a number of magmgss and improvements in its
methodology:

- All impact indicators and worldwide reference ved are now calculatedithout
self-citations;



- An important innovation concerns the algorithnattielates citations to source
publications in the database. This has been improwesulting in more accurate
citation counts. For example, authors with names déine misspelled in citations will
usually benefit.

There are two main approaches to what researctorpehce indicators should
address.

(1) The past performance approach focuses on an assessment of the past
performance of a group of scientists from a perspeof accountability of research
funds allocated to the research unit during a oegariod. Then, retiring scientists
and those formerly working in the research unitudthde included.

(2) The back-to-the-futureapproach addresses the performance of the ssigntho
are still active in a particular research unitnirthe objective of obtaining a view on
the research performance of those who have the ttaghape the future of this
research unit. Therefore, this approach has beksdchack-to-the-future’. Then, it
seems appropriate to exclude scientists no longekiig in the research unit.

Both approaches relate to the past performanceonipg of scientists. However, the
policy view underlying the second approach is ndirected to the future, while the
perspective adopted in the first approach is moceiged on the past. In the present
report, the second, so-called ‘back-to-the-futagdroach has been adopted.

We thank a Supervisory Commission consisting off.Pdo. R. Tijdeman (UL)
(chairperson), Prof. dr. J.G. Verwer (CWI), Praf. @.A.J. Klaassen (UvA), Prof. dr
J.H.M. Steenbrink (RU), Prof. dr. R. Gill (UL), amid. A.P. Zandee (NWO-EW), for
their assistance.

Structure of the report

The structure of this report is as followSection 2 gives the main lines oflata
collection, while the bibliometricindicators applied in this study are described in
Section 3,with an overview in Section 3.8ection 4presents th&verall’ results of
the Cl analysis for Mathematics research in thehbiddnds, and for universities and
research schools (main results in Sections 4.13: #ain additional analyses in
Sections 4.6 - 4.9 and 4.11). Results for non-Qllipations are presented 8ection

5. Section 6contains background information on output andicitacharacteristics of
mathematics research. FinalBection 7provides general comments and discussion.



2. Data collection

2.1 Introduction

Bibliometrics is the quantitative study of writt@noducts of research. It is assumed
that scientific subjects develop at an internatioresearch front (Price, 1963).
Research results are communicated in publicativeisare submitted to evaluation by
professional colleagues. In the references of tpapers, scientists acknowledge
relevant publications by others, as they build mvjpus work. Therefore, the number
of times a publication is referred to gives a @arindication of the ‘impact’ of a
publication, its reception and use by scientisthatesearch front.

In nearly all scientific fields, the scientific jmal is by far the most important
medium of communication. The Citation Indices claito cover the most important
‘leading’ international journals and serials (sueh Annual Reviews) with a well-
functioning referee system. In addition, the oJedtation rate of journals is
considered, as well as their timeliness of publicatand adherence to international
editorial conventions. Regularly, a limited numlzérnew journals is added, while
other journals are no longer covered. More ‘peniphgournals, often national in
scope, are usually not covered by the Citationcesli The CI contains about 10,000
journals (listed in the Journal Citation Reports$Sif e.g., ISI, 2003).

The process of data-collection and the methodolagplied in this study are comparable to thpse
adopted in previous studies on, for instance, misyssearch (Rinia et al., 2001), biology (Nedegtqgf
al., 1999), electrical and electronic engineerigr( Leeuwen et al., 2000), chemistry (Van Leeuwen
et al., 2003), the humanities (Nederhof, 2006;sEiiset al., 2006), medicine (Tijssen et al., 2G0R)
psychology (Nederhof, Van Leeuwen & Visser, 200Bublications were derived from a large
bibliometric database of scientific publication$id database contains all scientific articles mitad
in serials processed during the period 1980 - 28§08he Institute for Scientific Information (ISIpw
part of Thomson Scientific.) for the CD-ROM verssoof the Science Citation Index (SCI), the Social
Science Citation Index (SSCI), the Arts & Humarsti@itation Index (A&HCI), as well as six specialty
Citation Indices (Compumath, Materials Science, t&ibnology, Biochemistry & Biophysics,
Neuroscience, and Chemistry). The CWTS databasedies citation data and indicators on all journals
processed for the SCI, SSCI, A&HCI, and specialtiation Indices worldwide o€l for short. A
detailed description of the main principles behthid database is given in Moed, De Bruin & Van
Leeuwen (1995) and Moed (2005).

Both statistical requirements and imperfections tire citation process (for a
discussion see Nederhof, 1988) make it necessapggoegate across individuals,
publications, and citations. As scientific (sublifge differ in publication and citation

patterns (as visible in differences in for examiglegth of reference lists, or age of
cited literature), it is usually not meaningful compare directly the raw impact of



publications from one (sub)field with those of &etient (sub)field. Therefore, in our
studies raw impact scores are compared to the imgdagimilar publications within
the same journal, or within the same (sub)field.

2.2 Data collection

The present study set out as a bibliometric stddiie publication material originally
gathered for the VSNU visitation study of mather&tQanu, 2004). However, the
present study bears no one-to-one relation with\MB&U study, which focused
mainly on research programs within universitie$efael not addressed in the present
study), and on a more limited period (1996 — 20l&)n the present study (1993 —
2002). Nevertheless, both studies address therofsparformance of mathematical
researchers affiliated with universities in the Igtands and concern a similar
population of both scientists (here updated to &aper 1, 2003) and publications,
the latter extended to 1993 - 2002.

In this study, the field of mathematics is definegd the NWO-EW Supervisory
Committee as the population of mathematics andsttat researchers at research
schools in the Netherlands (EIDMA, MRI, Stieltiesnd Beta, Burgerscentrum,
CentER, and DISC), which were affiliated with mattaical units of universities in
the Netherlands or the NWO-institute CWI in eitleepermanent or a tenure track
position on September 1st, 2003. Included are tidsegraduated in a different field
(e.g., physics), but who are appointed at a chaposition in mathematics, e.g., in
geometry. Excluded in this study are mathematiciaoiking in a mathematical unit,
but which were not members of a research schoolinkiance because they were
conducting hardly any research or none at all.Hfeurhore, mathematicians affiliated
with non-mathematical units are excluded, as aysdghworking outside universities or
CWI. Also excluded are those not having a permaiertenure track position on
September 1, 2003 (e.g., AlOs, postdocs, bursBiJO-EW supplied us with the
names of 300 researchers and their publications.

Although CWI was involved in the VSNU visitation &Qu, 2004), it did not appear
there as a separate institute, as in the pressy.sA Wageningen program linked to
two non-mathematical units was part of the VSNUtai®n study, but not of the
present study. VSNU studies tend to focus on pagopnance, while the present
study had a back-to-the-future approach (cf. Sectjo



The process of data-collection and the methodoliogyhis study is based on a
comparison and matching of the output files of Duttathematics researchers, with a
large CWTS bibliometric data-system of scientifidbpcations based on the Science
Citation Index and associated Citation Indices ifgeged as Cl, see Section 2.1).
This CWTS CI data-system contains all articles sifeesl by the Institute for
Scientific Information (ISI) asarticles letters notes and reviews (only review
articles, no book reviews) published during theiqeerl980 - 2003 in journals
processed by ISI for the CD-Rom versions of thee®m® Citation Index (SCI) and
associated Citation Indices (see Section 2.1). Thhis Cl data-system can also
provide citation data on ajburnals processed for the CD-Rom versions of the SCI,
SSCI, A&HCI, and the Specialty Citation Indices. Ww&ver, we need to stress that
although the individual researchers’ output fornted basis of the data-collection
process, no analyses were conducted on the levietondividual researchers.
Publications of the 300 Dutch mathematics reseascheatching with those in ClI
source journals were included in the CI analysigndhatching papers from 1993 —
2002 were included in the non-Cl analysis.



3. Methodology
3.1 Levels of aggregation

Indicators are computed at the following levels agfgregation of mathematical
scientists:

a) the totalcollection of all articles, published by all scistd involved in the study
(Dutch Mathematics);

b) the universities (Erasmus University of RotterdafBUR), Leiden (LEI),
Groningen (RUG), Delft (TUD), Eindhoven (TUE), Maasht (UM); Nijmegen
(KUN), Twente (UT), Utrecht (UU), Amsterdam (UvAJilburg (UvT), the Free
University of Amsterdam (VU)), and the Amsterdansdx NWO-institute Centre for
Mathematics and Informatics (CWI);

c) the research schools: three research schools d#amathematics only: the Euler
Institute for Discrete Mathematics and its Applioas (EIDMA), the ‘Mathematisch
Research Instituut’ (MRI), and Stieltjes, while foather research schools cover
mathematics and one or more other disciplinesirsttute for Business Engineering
and Technology Application (Beta), Burgerscentrutime Centre for Economics
Research (CentER), and the Dutch Institute of 8yst@nd Control (DISC).

Double occurrences of papers are excluded withih eait of analysis. So one paper,
labeled to two or more different research unitgasnted only once on a higher level
of aggregation. Similarly, a paper, co-authoredseyeral scientists belonging to the
same unit, is counted only once.

The bibliometric CI analysis relates to journalides published during the period
1993 - 2002. Actually, these are ‘database’ ygaapers are included for the year in
which they were processed by the Citation Indiéase to a time lag in processing
articles some papers that were published late @2 20e not included. Data on more
recent articles were not available during the datiection period of this study. Apart
from an overall analysis of the 1993 - 2002 impdata, we also conducted an
analysis of the main indicators across five-yearops at the level of universities and
research schools. The non-Cl analysis relates te-Giopublications from the
publication years 1993 - 2002.

1C



3.2 Output and impact indicators

We calculate several indicators for the oeuvre ofésearch unit, as produced within
the time-frame of the study. For a detailed desionpwe refer to Moed, De Bruin and
Van Leeuwen (1995). Our work is partly based upeoevipus work by Garfield
(1979), Martin and Irvine (1983), Narin (1990), V&aan (1997), and Schubert,
Glaenzel and Braun (1989). One reason for computidgators on the oeuvre of a
research unit rather than on individual paperbkas within an oeuvre, later articles or
review articles may draw citations that otherwiseuld have gone to earlier articles.
The oeuvre approach prevents that a transfer atiaits within an oeuvre is treated as
a statistical error in the assessment of singlelest The sequence in which the
indicators are discussed below corresponds to dséign these indicators occupy in
the data tables (e.g., Table 1).

Indicators for the Cl analyses

Thefirst indicator is the total number of papers publishga group during the entire
period ). We considered only normal articles, lettersespaind review articles (not
book reviews). Meeting abstracts, corrections atitbeals arenotincluded. In a few
cases we found papers published in a journal fochvho citation data are available,
or in a journal that is not assigned to any fiefdsoiencé. Such papers are not
considered in the calculation of the indicatorse Blecondindicator comes in two
forms and concerns the total number of citatioegiked,excluding self-citation$C)
or including self-citations@+sc) A self-citation to a paper is a citation givenan
publication of which at least one of the authoiithés first author or a co-author) is
also an author of the cited paper (again eithet &uthor or a co-author). Tlieird
indicator is the average number of citations peblipation, corrected for self-
citations CPP). Thefourth indicator is the percentage of articlest citedduring the
time period considered, self-citations excludedd).

International reference values: JCSm and FCSm

Next, two international reference values are comguA first value represents the
mean (worldwide) citation rate of the journals irhigh the institute/group has
published JCSm,the meanJournalCitation Score), taking into account both the type
of paper (e.g., normal article, review) and the cffe years in which the
institute/group's papers were published. For exanthe number of citations received
in 1999 - 2002 by &etter published by an institute/group in 1999 in jourialis

1 Fields of sciences are determined by the ISkiflaation of journals in so-called Subject Categsr
Field-specific impact scores are calculated orbtiss of this classification scheme.

11



compared to the average number of citations rededveing thesameperiod (1999 -
2002) by allletters published in thesamejournal (X) in thesameyear (1999).
Generally, an institute/group publishes its paperseveral journals rather than one.
Therefore, we calculated a weighted averd@S indicated asJCSm with the
weights determined by the number of papers puldisheach journal.

A unit U that has published two articles in jourdaln 1995 (JCS = 3) and one letter in journal Y
1996 (JCS = 0.3) obtains a JCSm of (3 + 3 + 0.8)4(*1) or 6.3/3 is 2.1.

n

A second reference value presents the mean citegitenof the fields in which the
institute/group is activeHCSm, the meanField Citation Score). Our definition of
sub-fields is based on a classification of scienfiburnals into about 258ubject
categoriesdeveloped by ISI (how Thomson Scientific) (e.§l, 2003). For example,
the CI field Mathematics covers journals with a broad, general approach to
mathematics. It includes also journals focusing specific areas of fundamental
research in mathematics such as topology, algélmational analysis, combinatorial
theory, differential geometry, and number theorye TCI field Mathematics, Applied
deals with areas of mathematics that may be apptieather fields, including areas
such as differential equations, numerical analysmnlinearity, control, software,
systems analysis, computational mathematics andemsttical modelling. However,
journals concerned with mathematics and with a @rynfocus on a specific non-
mathematics discipline such as biology, econompssichology, history etc. are
included in the CI subfielMathematics, Interdisciplinary ApplicatiorfkSI, 2003).
Although not perfect, it is at present the onlyssification that can be automated
consistently in our data-system, and that fitsrthatidisciplinary character of the ClI
databases. In calculatifSm, we used the same procedure as for the calculafion
JCSm with journals replaced by fields. In most cases,institute/group is active in
more than one field of science. In those casegalrilate a weighted average value,
the weights being determined by the total humbepagers the institute/group has
published in each field.

Suppose that journal X belongs to subfield Z, drad &ll 1995 articles in subfield Z are cited irbes
on average in 1995 - 2003, while journal Y belomgsubfield A where all 1996 letters are cited 0.6
times on average in 1996 - 2003. Then, the unitdntioned before obtains an FCSm score of (1)5 +
15+06)/(1+1+1)orl.2.

Main indicators

JCSmandFCSm are ‘intermediate’ statistics and are not prinitedhe data-tables.
The two most important indicators compare the ay@naumber of citations to the
oeuvre of a research un€iPP) to the two international reference values, nantiety
corresponding journal and field mean citation ss@@€SmandFCSm respectively),
by calculating the ratio for both. Self-citation® @&xcluded in the calculation of the

12



ratiosCPP/JCSmand CPP/FCSm thefifth andsixthindicators, to prevent that ratios
are affected by divergent self-citation behavior.

The CPP/JCSmindicator matches the impact of papers closelyh® publication
pattern of research units. If the ratio CPP/JCSmbigve 1.0, the mean impact of a
research unit's papers exceeds the mean impalitasfieles published in the journals
in which the particular research unit has publisitedpapers (the research unit's
journal set). A limitation of this indicator is theow impact publications published in
low impact journals may get a similar score as hiigpact publications published in
high impact journals.

The CPP/FCSmindicator is free from this limitation, becauséaikes the impact level
of a units’ journal set into account. Thereforesegems the most suitable indicator of
the international position of a research unithé ratio CPP/FCSm is above (below)
1.0, this means that the oeuvre of the researdhisucited more (less) frequently than
an 'average' publication in the subfield(s) in vahibe research unit is activeCSm
constitutes avorld subfield averag@ a specific (combination of) subfield(s). Inghi
way, one may obtain an indication of the internagioposition of a research unit, in
terms of its impact compared to a 'world' averddes 'world' average is calculated
for the total population of articles published ih jGurnals assigned to a particular
subfield or journal category. As a rule, about &dcent of these papers are authored
by scientists from the United States, Canada, Wedterope, Australia and Japan.
Therefore, this ‘'world' average is dominated byWhestern world.

If a seventhimportant indicatorJCSm/FCSm is above (below) 1.0, the mean citation
score of the journal set in which the research hag published exceeds the mean
citation score of all papers published in the slti{s) to which the journals belong.
In this case, one can conclude that the researtthpublishes in journals with a
relatively high (low) impact. It should be notedatlthe CPP/JCSm, CPP/FCSm and
the JCSmM/FCSm indicators are not independent. Hieevof each one of these
follows directly from the values of the other twalicators.

Recent research has shown, that in comparisonsssagear blocks (e.g., when
publications from 1995 - 1999 are compared withséhof another year block), it is
important to focus on these three main indicatoig,@as these normalised values are
free from influences by distribution and documeypets effects (Nederhof & Visser,
2004).



The eighthindicator is the percentage of self-citatioPs Helf-citationg, relative to
the total number of citations received. The pemmgat of self-citations to an
institute/group’s oeuvre is influenced by a numbgfactors. Important factors are:
research field; type of articles; age distributioh the articles published by an
institute/group; size of the institute/group andnier of articles published by the
institute/group; and the extent to which the paetsiished by an institute/group are
cognitively related.

Statistical test

We apply a statistical test to establish whetherabterage impact of a research unit's
publication oeuvréCPP) differs significantly from the average impact dfgapers in
the research unit's journal 8CSm)or from the world subfield averageCSm)in
the subfield(s) in which the research unit is actifsee the Appendix for an
explanation of this statistical test). If a reséanait has a citation per publication ratio
(CPP) significantly above (below) the average fieklCSm) or journal citation score
(JCSm), this is indicated in the tables by means of'g'*Y) symbol directly after the
numerical value of the indicato@P/FCSmandCPP/JCSmA “?’ indicates that the
test has insufficient information to interpret tiesult.

Due to the presence of error (Moed et al., 1998ly the first decimal of the ratios is
usually reliable, given that it is based on a sigfit number of publications (N>50).
Even for a quite large number of publications, adif#ference or shift in the value of
an indicator should not be regarded as a signifiesult.

3.3 Research profiles

The research profile of a research centre, institntschool is analyzed by classifying
its papers according to scientific (sub-) fieldsthe Citation Indices, publications are
classified into (sub)fields by means of the jourimaivhich they appear into Journal
Subject Categories such abdthematics’ ‘Statistics & Probability; ‘Physics,
Applied’, and so on. These CI subject categories are atlfaah (sub)fields to each
publication of a research unit. Subsequently, thasalications are aggregated for
each CI subfield, and output and impact indicatoes computed separately for these
aggregates. The purpose of this procedure is twv sfmw frequently a centre has
published papers in various subfields of sciendgtwhe impact of the centre is in its
main subfield(s), and how the impact of the cemtrés main subfields of science
compares to its impact in (for the centre) moregberal subfields of science.
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If a paper appears in a journal that is classiirechore than one subject category, the
paper (and its citations) is distributed equallyeothe subject categories. Thus, a
paper with 7 citations published in a journal categed in three subject categories is
counted as 0.333 publication with 2.333 citations each of the three subject
categories. Also, the impact reference values (J@8oh in particular FCSm) are
divided by three. Note that the CPP of such a pabtn does not change, as both the
numerator and the denominator are divided by three.

For publications in each subject category, the rhig compared to the mean field
citation score FCSm), as described above. At the subject category,legkatively
low numbers of publications prevent frequent usstafistical tests. As an indication,
if the ratio CPP/FCSmis lower than 0.8, the impact is said to be ‘Idgrfaphically
indicated by a ‘white’ bar), if the ratio is high#ran 1.2, the impact is designated as
‘high’ (graphically indicated by a ‘black’ bar), wé a ratio between 0.8 and 1.2 is
called ‘average’ (subsequently indicated by a ‘sla&tbar).

Fields indicated in the research profile with ahdt ‘# indicate respectively fields
covered by the Social Sciences Citation Index ($S€1Id by the Arts & Humanities
Citation Index (A&HCI), respectively.

3.4 Knowledge users of Dutch mathematics researctapers

Who is using results of Dutch mathematics reseaacitt where are these users
located? To answer these questions, a ‘knowledgepusfile’ is calculated for Dutch
mathematics research. A knowledge user profile isemkdown of the publications
citing Dutch mathematics research papers into sldsfiof science (based on the ClI
subject categories, see Section 3.3). This ‘knogédeaser profile’ is made in analogy
to the cognitive orientation profiles discussed Section 3.3. In the cognitive
orientation profiles, the output of Dutch mathemstresearch is categorized in
subject categories, whereas the knowledge useilggdbcus on the subfields of the
users citing the Dutch mathematics research outphis offers insight into
knowledge diffusion as well as knowledge use, ahd &nalysis may identify
interdisciplinary ‘bridges’, potential for collaketion, and potential ‘markets’ for
applied research.



3.5 Analysis of scientific collaboration

Indicators for scientific collaboration are based an analysis of all addresses in
papers published by a research unit. Each paptassified in one of three categories.
First, we identified all papers authored by sciEstisharing the same address, i.e.,
from the same research unit or institute. Theseerga@are classified asSingle
address/ as they involve no collaboration or only ‘locadllaboration (i.e., within the
institute, group, etc. depending on the chosenl|l@feaggregation within the
analysis). The remaining papers are classifiechasdnal collaboration’ when there
are different addresses but from the same couatrg, as'international’ when the
papers contain addresses from at leastdifferent countriesFor example, if a paper
is the result of collaboration with both anothert®@u institution and an institute
outside the Netherlands, it is marked sernational’. Papers in each of the three
categories are aggregated for each research uhfbaeach of these aggregated sets,
impact and output indicators are computed.

The purpose of this analysis is to show (1) hovguently a research unit has co-
published papers with other research units, anti¢®) the impact of papers resulting
from national or international collaboration comgmto the impact of papers authored
by scientists from one research unit only.

For publications in each collaboration categorg tmpact is compared to the field
citation averageHCSm), as described in section 3.2.

3.6 Basic elements of bibliometric analysis

All above discussed indicators are important intdidmetric analysis as they relate
to different aspects of publication and citatiom@tteristics. Generally, we consider
CPP/FCSmas our ‘crown’ indicator. This indicator relate® tineasured impact of a
research group or institute to a worldwide, figiebsific reference value. Therefore, it
is a powerful internationally standardised impantticator. This indicator enables us
to observe immediately whether the performance at&search institute/group or
institute is significantly far below (indicator vad < 0.5), below (indicator value 0.5 -
0.8), about (0.8 - 1.2), above (1.2 - 2.0), ordbove (>2.0) the international (western
world dominated) impact standard of the field.

We stress however that the meaning of the numeralak of the indicator is related
to the aggregation level of the entity under stullye higher the aggregation level,
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the larger the volume in publications and the ndlifecult it is to have an average
impact significantly above the international levat the ‘meso-level’ (e.g., a large
institute, or faculty, about 500 — 1,000 publicasoper year), &£PP/FCSmvalue
above 1.2, means that the institute’s impact ab@enis significantly above (western)
world average. The institute can be considered ssemtifically strong organization,
with a high probability to find very good to exemit groups. Therefore, it is
important to split up large institutes into smalmoups. Only this allows a more
precise assessment of research performance. Osigenaekcellent work will be
‘hidden’ within the bulk of a large institute orcialty.

Nevertheless, the CPP/JCSm remains an importagrnative indicator of citation
impact. It can be used if one wants to comparecitation impact with a reference
value at a lower level of aggregation than Cl (&algs. Then, the JCSm/FCSm
indicator can be used to check if articles are ighbt in low or high impact level
journals within the CI subfield.

3.7 Analysis of non-ClI publications

As we have received all scientific publicationsDaftch mathematics researchers, the
present study offers an analysis of the total $ifieroutput of the field, representing
not only the share of the output as could be netdefrom the Citation Indices (ClI
publications), but also the part of the scientdigtput that appeared in other media,
such as non-covered journals, scientific books, kbahapters, monographs,
contributions to conference proceedings (non-Cllipations)(see Section 2.2). Non-
scientific publications were not included (e.g.pgé primarily directed at a non-
scientific public). For the non-Cl analysis, we reéa&d for citations to non-Cl
publications in the source journals of the Citatfilgices.

The non-Cl analysis suffers from a number of stwrnings. The first issue is the
search of citations to non-Cl publications in Cureal publications. It should be
taken into consideration that the CI might be lesssitive to the citation impact of
non-ClI publications than non-Cl sources would bewklver, in practice the reference
lists of ClI journals contain many references to-@mmaterial. Nevertheless, if Cl

journals do not adequately represent an importabfiedd of research, the citation
impact of non-Cl publications pertaining to thatbfeld might be seriously

underestimated. Also, in some fields (e.g., in @ogy), non-Cl books and, mostly
Cl, journals address, to some extent, differentipsiowhich might lead to differences
in citation patterns, and thus to under-represemtadf citation impact of non-Cl
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publications. In that sense, one can perhaps seeethieved number of citations to
non-Cl publications in CI journals as the so-caltgaof the iceberg’.

From other studies, several characteristics of titation impact of non-ClI
publications are known (e.g., Nederhof, 2006; Misse al., 2003). In general,
publications in languages other than English teadbé cited less frequently.
However, various types of non-Cl publications akely to have a different average
impact, even if they employ the English languagegéneral, books and monographs
published by international publishers tend to bediconsiderably more often on
average, especially on the long run, than CI joume#blications, which in turn are
usually cited (considerably) more often than puwlans in non-Cl serials,
contributions to edited volumes, contributions ¢émference proceedings, reports, and
other unpublished material.

A perhaps more serious problem is that worldwideresmce values similar to JCSm
and FCSm are not easily computed for non-ClI putitina (cf. Visser et al. (2003) for
a partial approach). As explained above, the jduliberature as covered in the
Citation Indices is classified through the Jouralbject Categories found in the
Citation Indices. Since we are lacking this infotima for the non-covered output, we
cannot calculate FCSm values for the non-Cl sources

The only reference that can be used here is thadtmeceived by the publications
that appeared in journals processed for the Citatindices, as the closest
approximation of a similar set of publicationswitl be clear that the value of such a
comparison is limited, but nevertheless it mighhke&ful in exploring the limitations
attached to Cl analysis (see below).

An important difference with the standard Cl analys that self-citations to non-Cl

publications can only be determined for the firgthar of the non-CI publication (the

full names of co-authors are not always availablie)s not possible to determine
easily whether or not co-authors cite a non-Cl jgalibn, as the reference strings in
citations contain only the name of the first author

Nevertheless, similar to the Cl analyses (see &@e@ti2), we can compute the number
of non-CI publicationsK), and the number of citations to these publicatiamthout
(C) and with first-author self-citation€¢sg. Also, we can compute the number of
citations per publications CPP), excluding first-author self-citations, and the
percentage of first-author self-citatior¥$<c). As self-citations of co-authors are not
counted in non-Cl analyses, %sc will tend to be swarably lower than the
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comparable figure in Cl analyses. As a result, @ @PP will be overestimated
compared to Cl analyses that exclude all selfiomat

Combined CI and non-Cl analyses

For research units, we can compare the shares @n@lnon-Cl publications. In
addition, we can compare CPP scores of Cl pubtinatiand non-Cl publications.
This might provide insight in publication preferescof units, and might also be
helpful in determining limitations and/or showindpet strength of the more
sophisticated Cl analyses (cf. Visser et al., 2003)
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3.8 Overview of bibliometric indicators for Cl articles

P

C+sc

CPP

Pnc

JCSm

FCSm

CPP/FCSm

CPP/JCSm

JCSmM/FCSm

% self-citations

2C

Number of articles (normal articles, letters, nadesl reviews (not book reviews))
published in journals processed for the CD-ROM iearsf the ISI Citation Indices
(CI.

Number of citations recorded in Cl journals to atticles involved. Self-citations
are excluded.

Number of citations recorded in Cl journals to atticles involved. Self-citations
are included.

Average number of citations per publication, oatiitn per publication ratio. Self-
citations are excluded.

Percentage of articles not cited during the tinéogeconsidered.

Average citation rate of all articles published tine journals in which an
institute/group has published (excluding self-oitas) (not printed in the data-
tables).

Average citation rate of all articles in the fields which the institute/group is
active. Also indicated as the world citation averag those fields. Fields are
defined by means of ISI journal subject catego(esluding self-citations) (not
printed in the data-tables).

Impact of an institute/group’s articles, comparedhe world citation average in the
(sub)fields in which the institute/group is active.‘+’ (*-") symbol behind the
numerical value indicates that the field-normalizegbact of the institute/groups’
articles is significantly above (below) world avgea

Impact of an institute/group’s articles, comparedhe average citation rate of the
articles in the institute/group’s journals. A ‘+~J symbol behind the numerical

value indicates that the journal-normalized impzfdhe institute/group’s articles is
significantly above (below) the average citatioteraf the journals concerned.

Impact of the journals in which an institute/gro@s published, compared to the
world citation average in the fields covered bysth@urnals.

Percentage of self-citations. A self-citation idiged as a citation in which the
citing and the cited paper have at least one autheommon (first author or co-
author).



4. Results of the Cl analyses
4.1 General bibliometric results on Dutch mathematis research

In Table 1, the bibliometric analysis of the output and intpafcthe combined Dutch
mathematics research is presented. The first lfineaoh Table presents the overall
results for the bibliometric indicators for the ijper 1993 - 2002. This means that for
publications from each of the publication years9@9 2002), citations are counted up
to and including 2003. For example, a seven-ydatien window is used for papers
published in 1996, and a three-year citation windompapers published in 2000.

Next to an overall analysis of the 1993 - 2002 iotkata, we also conducted a trend
analysis of the main indicators calculated for itapping’ five-year periods at each
level of aggregation. A similar method has beenliagpto the five-year periods
between 1993 - 1997 and 1998 — 2002 (six blockstad). To facilitate comparison
between periods, citations were counted for theesaumber of years. If we take the
1994 - 1998 five-year period as an example, thiamaethat, for publications from
1994 citations are counted during 1994 - 1998 fimttduring 1999 - 2002), for
publications from 1995 citations are counted in3.991998, for 1996 publications
citations from 1996 — 1998, for 1997 publicatioitations from 1997 — 1998, and for
1998 publications, only citations from 1998 arestaknto account.

The total Cl output over the period 1993 - 2003,i516 papersR), which get cited
10,677 times in total@+sq, of which 7,416 times externall{C]. The mean impact
(CPP) is 2.4 citations per published paper. This memapaict is significantly higher
than both the journal average impact sc@BR/JCSm= 1.13), and the average field
impact score QPP/FCSm= 1.17). About 49% of the papers are not cited rextéy
during 1993 — 2002Rnc). The Dutch mathematicians publish in journalshwat
citation impact level that is 4% higher than therld@verage JCSm/FCSm= 1.04).
Finally, the final column of Table 1 shows that ffercentage doéelf-citations(31%)

is not disproportionally high.

The trend analysis uses moving five-year publicatitocks. It shows an increasing
number of publications, while the impact increaasswell, up until the last period,
where we find a decrease in the number of recetvidions. This causes the mean
impact to drop, and consequently, also the normdlimpact score€PP/JCSmand
CPP/FCSm These decrease to a level that does not signtficaliffer from the
world average. The Dutch mathematicians continyautwish in journals with an
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Table 1: Bibliometric statistics of Dutch mathematcs research, 1993 - 2002

CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
1993 - 2002 3,116 7,416 10,677 2.38 49% 1.13 + 1.17 + 1.04 31%
1993 - 1997 1,370 1,101 1,827 0.80 70% 1.16 + 12 1. 1.00 40%
1994 - 1998 1,458 1,324 2,154 0.91 68% 1.18 + 171. + 1.02 39%
1995 - 1999 1,546 1,640 2,561 1.06 66% 1.24 + 281. + 1.05 36%
1996 - 2000 1,610 1,906 2,934 1.18 66% 1.26 + 311. + 1.06 35%
1997 - 2001 1,675 2,052 3,209 1.23 64% 1.32 + 391. + 1.06 36%
1998 - 2002 1,746 1,658 2,861 0.95 65% 1.02 04 1. 1.05 42%
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impact level that is competitive with the world sage. In this type of trend analysis,
the absolute number of publications and citati@nevidently lower than in a longer
term timeframe. The number of publications andticites observed in this type of
analysis does not correspond to the numbers fourbe overall, ten-year period of
analysis.Pnc is lower than in the ten-year analysis, as oveextanded period more
articles get cited eventually. Self-citations tdndoccur more often in the first few
years after publication (cf. Sections 3.6 and 6)ese phenomena relate to a more
‘mature’ nature of the research in the ten-yeaioper

4.2 General bibliometric results on the level of Digch universities

Table 2 contains the results for the universities and@\€l-institute. The Erasmus
University Rotterdam (EUR) mathematicians publisB8cpapers in the period 1993 -
2002 in Cl journals, which get cited 270 times167 times, excluding self-citations,
on average 1.7 times. The impact of EUR is at waxdrage level when compared
with the journal averageCPP/JCSm= 0.99), and also not significantly different from
the world field average leveCPP/FCSm= 0.83). The output is published in average
impact journals.

The trend analysis indicates a stable output, mkgoation with stable impact scores.
Except for the period 1994-1998, where we observegh impact CPP/FCSm=
1.23), we find relatively low impact scores for tager year-blocks in the analysis, in
particular for 1995 — 1999 and 1996 — 2000, wharpgaict is significantly below the
world field average. However, impact improves sofmmawin the two most recent
five-year periods. The percentage of self-citatioeisds to be rather high (41% -
60%).

The output of the Nijmegen University (KUN) mathdmians in Cl journals contains

143 publications. These get cited 463 and 335 timéth and without self-citations

respectively. Papers are cited on average 2.3 tifmsKUN, both the journal and

field normalized impact scores are competitive wiie world average level (with

CPP/JCSm= 1.01 andCPP/FCSm= 1.10).

The trend analysis shows a decreasing output 2885 - 1999. This is combined
with variable levels of impact. The normalized irapscores improve from average to
high following the significantly below average nalised scores in the initial five-

year period, except for the period 1998 - 2002alym the output is published in

journals with an impact at or above the world agerkevel.



The output of the Leiden University (LEI) mathem&tns includes 219 ISI covered
journal publications. These papers get cited 4@8di externally, leading to an
average of 2.1 citations per publication. The canspa with the journal-normalised
impact score indicates a position at world averdgeel (CPP/JCSm= 1.01).
However, LEI papers are published in high impaatpals, as can be concluded from
the JCSM/FCSmvalue of 1.23. As a result, LEIl impact is 24% abavorld field
average levelQPP/FCSm= 1.24).

The trend analysis indicates both a slightly insmeg output and an increasing
impact. Both the journal and the field normalizegbact scores are increasing, and for
the latter indicator the impact is significantlyoale average in the period 1997-2001.
Finally, LEI output is published in high impact joals.

The Groningen University (RUG) outplR € 111) gets cited 191 times or 309 times,
respectively without and with self-citations. Theeeage impact per publication is 1.7.
The impact compared to the journal average is Mfflle the impact compared to
field impact is 1.12. The output is published imjoals with an impact 9% above
world average.

The trend analysis indicates a somewhat increasitigut, while the impact shows a
fluctuating pattern: lower average impact scores983 - 1997, 1994 - 1998 and 1998
- 2002, while we observe higher impact scores & a@ther periods. The journal-
normalised impact score indicates a decreasingatmg@eRUG mathematics research.
However, RUG papers were published in journals withincreasing impact level,
resulting in field- normalised impact scores thet above average (1994 — 1998 -
1997 — 2001), or competitive with the world averégel998 - 2002). The percentage
of self-citations is high in the last two periodgite analysis (1997 - 2001 and 1998 -
2002).

Delft University of Technology (TUD) has the secdadgest output in Cl journals,
namely 492 papers. These get cited 1,567 timestat, tand 1,022 times externally.
This leads to an average impact score of 2.1 aitatiper publication. The TUD
mathematics research has slightly, but not sigmifity, above world average level
impact scores, when compared with both the joyraakage CPP/JCSm= 1.10) and
field (CPP/FCSm= 1.15).

The trend analysis shows an increasing output. iifEact scores related to this
output are decreasing, for bo®@PP/JCSm and CPP/FCSm TUD papers are
published in journals with an impact that is contpet with the world average.
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The output of the Eindhoven University of Techngld@UE) is the largest of the
Netherlands, with 641 publications in CI journalstheeen 1993 and 2002. These
papers get cited 2,268 times in total, and 1,661di externally. This leads to an
average impact score of 1.1 citations per pubbcatThe mean impact is 12% above
the journal-normalised average and significantlg\ebthe fields average score of this
output, as evident from thePP/JCSmscore of 1.12 and thePP/FCSmscore of
1.22. The percentage of papers not cited is 50%.

The trend analysis indicates an increasing outpambined with an increasing
impact. The comparison of the mean impact with naurand field average scores
shows a fluctuating situation: high and low scaesfound in the trend analysis. The
mean impact compared to the field impact show$slidhigher scores for TUE than
the journal-normalised scores. The output of TUBpublished in journals with a
somewhat higher impact in the field, particularylater years. On the one hand, the
percentage of self-citations is increasing, whemrathe other hand the percentage of
papers not cited is decreasing.

The University of Maastricht (UM) mathematiciansv@aan output of 53 CI
publications over the period 1993 - 2002. The mmapact of this output is 1.1.
Compared to the journal and field average scoles,mean impact is significantly
below averageCPP/JCSmis 0.55 whileCPP/FCSmis 0.45.

The trend analysis indicates some increase in guiphile the impact remains
roughly on the same level. The normalized impaotes are frequently significantly
below average, both for the journal and the fieddmalized scores. The percentages
of papers not cited and of self-citations are neddy high. After 1995 — 1999, the
papers tend to be published in journals with awelverage impact level.

The output of the University Twente (UT), one oé tthree universities of technology
in the Netherlands, amounts to 488 CIl papers. Thapers are cited 1,164 times,
respectively 799 times, that is, including and eduig self-citations. The comparison
of the mean impact score excluding self-citatian8.86 for theCPP/JCSmand 0.81,

a somewhat, but significantly below average imgdre, for theCPP/FCSm The
papers appeared in average impact journals.

The trend analysis shows an increasing output, ewthle impact (C) increases
strongly. This results in higher mean impact scaresr the periods in the analysis.
However, the normalized impact scores show a slighprovement for the
CPP/JCSmvalues, and only for thePP/FCSmvalues we observe a strong increase.
This is combined with publishing in journals withsaghtly increasing impact that
approaches the world average.



The University Utrecht (UU) published 233 CI papérsthe period 1993 - 2002,
which get cited 1.027 times in total, and 789 tireggernally. This results in a mean
impact of 3.4 citations per publication that congsawvery well with the journal
average, namely a significantly above aver@g/JCSmscore of 1.72, and even
better with the field average score, as evidennf@ significantly above average
CPP/FCSmscore of 1.92. Finally, the output is publishedabbove average impact
level journals.

The trend analysis shows an increasing numbermensaover the period 1993 - 2002.
This growing output receives more impact, especiall the period 1996 - 2000,
which is underlined by the significantly above ag® normalised impact scores in
that period. In general, the normalized impact esare high, in some cases even
twice as high as world average level.

The University of Amsterdam (UvA) published 283 f@2ipers, which get cited 1,717
times in total, and 1,308 times externally. Thisules in an average impact of 4.6.
The comparison with both the journal and the fialkrages indicates high and
significantly above average impact scores. Thewutppublished in average impact
journals.

The trend analysis shows a more or less stablaigutpcombination with increasing
impact scores. However, the impact diminishes dhamnpthe last period of the trend
analysis. This results in a sharp drop in both jthenal and the field normalized
impact scores from significantly above average teval that is competitive with the
world average.

The University of Tilburg (UvT) published 219 Clgers during 1993 - 2002. These
papers were cited 627 respectively 405 times, tiaguin an average impact score of
1.85 citations per publication (excluding self-tdas). The comparison with the
journal and field average values shows scores Ydr &t a level competitive with the
world average.

The trend analysis shows an increasing outputomhination with a more or less
stable impact per paper. The normalized impactesciuctuate near world average
level, without ever being equal to one (world agerdevel). There is some decrease
in the impact level of the journals in which theppes were published.

The Free University of Amsterdam (VU) published 33Bpapers, which get cited

1,031 times in total, and 680 times externally. Tisan impact of 2.0 compares well
with the journal averageCPP/JCSm= 1.14) and field average leveaLPP/FCSm=
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1.07), although not at a statistically significdevel. The papers are published in
average impact level journals.

The trend analysis shows an increasing output, ceedbwith an increasing impact.
We observe a decrease in the number of paperstadt Eor the normalized impact
scores, we find that bot€PP/JCSmand CPP/FCSmshow a strongly increasing
trend, finishing in an impact that is significanélipove the world field average in 1998
— 2002. This development is paralleled by an irseem the impact level of the
journals in which the papers were published.

Finally, the Amsterdam based NWO-institute CWI (tbentre for Mathematics and
Informatics research) is indicated as a separatéute/university in this study. It has
to be taken into consideration that only the CWIthmeatics departments are
included in this study. This centre published 44$&pers in the period 1993 - 2002.
These 449 papers are cited 1,370 times exterratiging to an average impact of
3.05 citations per publication. Compared with therpal average, we find a score that
is competitive with world average leveCPP/JCSm= 1.05), while the comparison
with the fields shows a high impact score, sigaifity above averag€PP/FCSm=
1.31). The papers appeared in high impact jourreEscan be concluded from the
score of 1.24 fodCSm/FCSm

The trend analysis shows a slightly increasing atitpombined with an increasing
impact. We find fluctuating scores f@PP/JCSm but generally increasing scores for
CPP/FCSm The researchers of CWI published in high impactrijals throughout
the period 1993 - 2002.
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Table 2: Bibliometric statistics of the Dutch univesities and institutes, 1993 - 2002

University CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
EUR

1993 - 2002 99 167 270 1.69 51% 0.99 0.83 0.83 38%
1993 - 1997 50 30 54 0.60 74% 1.18 0.95 10.8 44%
1994 - 1998 53 39 66 0.74 72% 1.28 1.23 96 0. 41%
1995 - 1999 53 19 48 0.36 81% 0.75 0.56 750. 60%
1996 - 2000 57 25 61 0.44 75% 0.66 0.54 820. 59%
1997 - 2001 50 31 64 0.62 74% 0.88 0.74 840. 52%
1998 - 2002 49 30 59 0.61 69% 0.77 0.71 920. 49%
KUN

1993 - 2002 143 335 463 2.34 45% 1.01 1.10 1.09 28%
1993 - 1997 77 24 53 0.31 79% 0.61 0.59 70.9 55%
1994 - 1998 88 62 115 0.70 69% 0.95 1.07 131 46%
1995 - 1999 90 96 156 1.07 64% 1.02 1.20 A71 38%
1996 - 2000 81 97 146 1.20 69% 1.04 1.21 161 34%
1997 - 2001 76 117 165 1.54 66% 1.41 1.52 1.08 29%
1998 - 2002 66 53 82 0.80 59% 0.83 0.86 041. 35%
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University CPP/ CPP/ JCSsm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
LEI

1993 - 2002 219 468 687 2.14 47% 1.01 1.24 1.23 32%
1993 - 1997 102 66 125 0.65 72% 0.86 0.88 031 47%
1994 - 1998 100 60 117 0.60 66% 0.70 0.96 1.38 49%
1995 - 1999 98 76 128 0.78 63% 0.84 1.17 391 41%
1996 - 2000 104 109 174 1.05 58% 1.04 1.50 1.45 37%
1997 - 2001 106 126 192 1.19 59% 1.20 1.80 1.50 34%
1998 - 2002 117 114 190 0.97 66% 1.22 1.56 1.28 40%
RUG

1993 - 2002 111 191 309 1.72 46% 1.03 1.12 1.09 38%
1993 - 1997 49 27 39 0.55 69% 1.14 1.08 50.9 31%
1994 - 1998 51 35 56 0.69 69% 1.27 1.48 17 1. 38%
1995 - 1999 53 51 78 0.96 62% 1.31 1.46 121. 35%
1996 - 2000 58 53 92 0.91 57% 1.14 1.22 07 1. 42%
1997 - 2001 58 53 100 0.91 62% 1.35 1.45 071 47%
1998 - 2002 62 42 106 0.68 66% 0.90 1.01 A21 60%




University CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
TUD

1993 - 2002 492 1,022 1,567 2.08 51% 1.10 1.15 1.05 35%
1993 - 1997 211 206 318 0.98 63% 1.48 + 149 + 1.01 35%
1994 - 1998 227 189 324 0.83 66% 1.16 1.22 1.05 42%
1995 - 1999 234 184 339 0.79 66% 1.04 1.07 1.02 46%
1996 - 2000 243 201 363 0.83 67% 1.00 1.06 1.07 45%
1997 - 2001 259 240 401 0.93 63% 1.15 1.17 1.02 40%
1998 - 2002 281 179 361 0.64 69% 0.86 0.83 0.97 50%
TUE

1993 - 2002 641 1,601 2,268 2.50 50% 1.12 1.22 + 1.09 29%
1993 - 1997 275 248 367 0.90 73% 1.23 1.26 1.02 32%
1994 - 1998 297 233 377 0.78 70% 1.03 1.04 1.00 38%
1995 - 1999 322 298 467 0.93 68% 1.11 1.22 1.10 36%
1996 - 2000 342 345 553 1.01 69% 1.06 1.22 1.15 38%
1997 - 2001 361 400 668 1.11 66% 1.11 1.23 1.11 40%
1998 - 2002 366 406 700 1.11 62% 0.92 1.05 1.14 42%
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University CPP/ CPP/ JCSsm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
UM

1993 - 2002 53 58 101 1.09 60% 0.55 - 0.45 - 0.81 43%
1993 - 1997 21 20 0.38 71% 0.46 0.39 0.86 60%
1994 - 1998 23 23 0.26 83% 0.28 0.29 61.0 74%
1995 - 1999 24 22 0.25 83% 0.27 0.27 31.0 73%
1996 - 2000 28 15 31 0.54 75% 0.68 0.47 700. 52%
1997 - 2001 27 8 21 0.30 81% 0.44 0.29 60.6 62%
1998 - 2002 32 11 19 0.34 84% 0.58 0.35 610. 42%
uT

1993 - 2002 488 799 1,164 1.64 57% 0.86 0.81 - 0.94 31%
1993 - 1997 207 101 175 0.49 74% 0.80 0.68 0.85 42%
1994 - 1998 218 141 229 0.65 71% 0.90 0.79 0.88 38%
1995 - 1999 236 145 241 0.61 69% 0.80 0.71 0.89 40%
1996 - 2000 235 172 285 0.73 73% 0.85 0.79 0.93 40%
1997 - 2001 260 169 302 0.65 75% 0.84 0.78 0.93 44%
1998 - 2002 281 226 382 0.80 73% 0.95 0.92 0.96 41%
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University CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
uu

1993 - 2002 233 789 1,027 3.39 46% 1.72 + 1.92 + 1.11 23%
1993 - 1997 90 88 125 0.98 62% 1.52 1.68 10 1. 30%
1994 - 1998 101 133 188 1.32 59% 1.83 1.95 1.06 29%
1995 - 1999 117 208 287 1.78 57% 211 2.47 1.17 28%
1996 - 2000 131 269 366 2.05 56% 2.06 2.41 1.17 27%
1997 - 2001 134 171 270 1.28 60% 1.33 1.50 1.13 37%
1998 - 2002 143 212 319 1.48 59% 1.54 1.62 1.05 34%
UVA

1993 - 2002 283 1,308 1,717 4.62 39% 1.72 + 1.65 + 0.96 24%
1993 - 1997 145 235 383 1.62 60% 1.88 1.81 0.96 39%
1994 - 1998 137 336 465 2.45 59% 2.58 2.17 0.84 28%
1995 - 1999 141 451 597 3.20 49% 2.68 2.42 0.90 24%
1996 - 2000 139 482 608 3.47 51% 2.59 2.32 0.89 21%
1997 - 2001 148 560 691 3.78 51% 2.59 2.61 1.01 19%
1998 - 2002 138 181 254 1.31 57% 1.12 1.01 0.90 29%
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University CPP/ CPP/ JCSsm/ % Self-

Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
UvT

1993 - 2002 219 405 627 1.85 56% 0.84 0.93 1.11 35%
1993 - 1997 81 53 101 0.65 68% 0.71 0.87 22 1. 48%
1994 - 1998 86 41 92 0.48 77% 0.65 - 0.66 011. 55%
1995 - 1999 106 67 137 0.63 73% 0.79 0.84 1.07 51%
1996 - 2000 114 99 161 0.87 65% 0.97 0.96 0.99 39%
1997 - 2001 121 98 164 0.81 69% 0.90 0.89 0.99 40%
1998 - 2002 138 100 187 0.72 73% 0.85 0.83 0.97 47%
VU

1993 - 2002 333 680 1,031 2.04 46% 1.14 1.07 0.94 34%
1993 - 1997 136 85 154 0.63 71% 0.93 0.77 .820 45%
1994 - 1998 150 89 162 0.59 71% 0.91 0.71 - 0.77 45%
1995 - 1999 158 79 141 0.50 75% 0.79 0.71 - 0.90 44%
1996 - 2000 177 135 226 0.76 70% 1.10 1.00 0.91 40%
1997 - 2001 191 177 315 0.93 60% 1.27 1.33 1.04 44%
1998 - 2002 197 221 386 1.12 59% 1.25 1.39 + 111 43%




University CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
CWiI

1993 - 2002 449 1,370 2,006 3.05 41% 1.05 1.31 + 1.24 R7]
1993 - 1997 209 174 342 0.83 66% 0.93 1.02 1.09 49%
1994 - 1998 220 268 440 1.22 59% 1.20 1.33 1.11 39%
1995 - 1999 219 320 485 1.46 56% 1.17 1.44 1.23 35%
1996 - 2000 223 312 481 1.40 58% 1.06 1.30 1.22 34%
1997 - 2001 229 344 544 1.50 60% 1.12 1.58 1.41 37%
1998 - 2002 240 323 538 1.35 58% 0.96 1.30 1.36 40%

34



4.3 General results on Dutch mathematics researcltisools

Next, we discuss the results for the research sshdde research school EIDMA
published 564 CI papers, which get cited 1,531 dinmetotal. 1,094 Citations were
received from external papers. This school has annmmpact of 1.94 citations per
publication, which results in 10% - 13% above ageranpact scores (not statistically
significant) when compared with, respectively, jbernal and field average impact
scores.

The trend analysis shows a slowly increasing outpbiich receives roughly the same
amount of citations. This causes the normalizedachgcores to decline somewhat,
from a high impact position to a level competitivéth the world average. The
percentage of papers not cited externally withfiveryear citations window is high:
roughly 70%. EIDMA publishes in journals with agéltly increasing impact.

The research school MRI published 618 CI papersgégcited 2,064 times in total,
and 1,474 times externally. The mean impact isc&ations per publication, which
compares well with the journal-normalized impadairecand is significantly above the
field-normalised impact score. The percentage df-céations is relatively low
(29%).

The trend analysis shows that the number of Clipatibns is increasing slowly, with
faster increasing numbers of citations. This resuthigher mean impact scores per
publication. The normalized impact scores incraaging the period 1993 - 2002, to
a level that is significantly above average in 1998000. In the last period of the
trend analysis, the normalized impact scores deeréa a level that is competitive
with the world average.

The research school Stieltjes is the largest mgeof the CI journal publications. The
1,573 ClI papers get cited 5,469 times in total, 2703 times externally. This results
in a mean impact score of 2.35, which compares, va¢lb statistically significant
level, with both the journal and the field impacbees.

The trend analysis of the school indicates an asirg output, combined with
increasing impact scores, both as regards the rnmepact per publication of the
school, and the normalized impact scatd®P/JCSmandCPP/FCSm However, we
also observe, as in the case of the research sthigbla decrease in impact in the
last period of the trend analysis: the mean immhops 0.4 citations per paper,
resulting in decreases @PP/JCSmfrom 1.42 to 0.99 and in thePP/FCSmfrom
1.58 to 1.09, still levels competitive with the Wwbaverage.



The research school Beta published 58 CI papetlermeriod 1993 - 2002, which
received 108 citations, of which 71 were exterma@s The mean impact score is 1.2,
compared with the normalized journal and field ssahis is below average, although
not at a statistically significant level.

The trend analysis shows an increasing output, fhitttuating impact scores. In the
period of high mean impact (1995 — 1999 and 192609), the comparison with the
journal package results in higgtPP/JCSmvalues, and high field impact scores. In the
two most recent five-year periods, impact is sigaifitly below the field-normalised
impact score. The output was published in journatls below average impact.

The four other research schools cover mathematidoae or more other disciplines:
here only the results for Dutch mathematical resbars have been included

The research school Burgerscentrum published 15pa@érs in the period 1993 -

2002. These publications received 569 citations, ®&&re external citations. The

comparison of the resulting mean impact of 2.%icites per publication shows impact

scores that compete with the world average.

The trend analysis shows a slightly increasing watitpombined with decreasing

impact scores. The comparison with journal andifrakan impact scores indicates a
decreasing impact of this school. Furthermore,peentage of papers not cited is
increasing, as is the percentage of self-citations.

The research school CentER published 105 CI papdrish get cited 382 and 245
times, respectively including and excluding setitions. The resulting mean impact
of 2.3 compares very well with both the journal m@apact CPP/JCSm= 1.15) and
the field mean impactQPP/FCSm= 1.36), although not at a statistically signifitan
level. The output is published in journals with iampact that is 18% above world
average level.

The trend analysis shows an increasing output, antincreasing number of citations.
The mean impact increases, and we observe for GBR/JCSmand CPP/FCSm
scores (well) above world average level, although at a statistically significant
level.

Finally, the research school DISC published 360p&pers, which received 1,433
citations in total, of which 1015 are received exaédly. The mean impaciCPP =
2.82) of DISC is high when compared with the jolirmeerage scoreQPP/JCSm=
1.21) and even higher when compared with the fisédin scoreGPP/FCSm= 1.29).
The papers appeared in journals of world averagsd.le
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The trend analysis shows an output that increaspatrticular in the last two periods
of the analysis (1997 - 2001 and 1998 - 2002). ifl@act is increasing in the last

three periods of the analysis, indicating especiaith impact papers in the period
1997 - 2001.
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Table 3a: Bibliometric statistics of the Dutch matlematics research schools, 1993 - 2002

Research School CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
EIDMA

1993 - 2002 564 1,094 1531 194 54% 1.10 1.13 1.03 29%
1993 - 1997 259 196 311 0.76 72% 1.29 1.29 1.00 37%
1994 - 1998 276 178 307 0.64 72% 1.10 1.03 0.98 42%
1995 - 1999 297 210 346 0.71 70% 1.11 1.09 0.99 39%
1996 - 2000 292 224 355 0.77 71% 1.03 1.10 1.06 37%
1997 - 2001 298 223 372 0.75 72% 0.97 1.04 1.04 40%
1998 - 2002 305 259 413 0.85 67% 0.97 1.12 1.10 37%
MRI

1993 - 2002 618 1,474 2,064 2.39 50% 1.17 1.19 + 1.02 29%
1993 - 1997 275 161 274 0.59 71% 0.99 0.98 0.99 41%
1994 - 1998 310 266 431 0.86 67% 1.18 1.22 1.04 38%
1995 - 1999 333 383 585 1.15 65% 1.28 1.37 1.07 35%
1996 - 2000 335 449 662 1.34 64% 1.32 1.39 1.06 32%
1997 - 2001 341 371 600 1.09 65% 1.21 1.15 0.99 38%
1998 - 2002 343 343 569 1.00 64% 1.09 0.99 0.97 40%
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Research School

CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
Stieltjes
1993 - 2002 1,573 3,703 5,469 2.35 49% 1.12 + 1.16 + 1.04 32%
1993 - 1997 679 572 998 0.84 70% 1.13 1.09 0.96 43%
1994 - 1998 718 693 1,145 0.97 69% 1.25 1.20 1.00 39%
1995 - 1999 751 837 1,316 1.11 67% 1.30 1835 1.05 36%
1996 - 2000 815 1,052 1,578 1.29 65% 1.34 141 1.07 33%
1997 - 2001 851 1,193 1,801 1.40 62% 1.42 1458 1.11 34%
1998 - 2002 894 854 1,489 0.96 64% 0.99 1.09 1.10 43%




Table 3b: Bibliometric statistics of the Dutch matlematics related research schools, 1993 - 2002

Research School CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
Beta

1993 - 2002 58 71 108 1.22 64% 0.80 0.65 0.81 34%
1993 - 1997 19 8 13 0.42 74% 0.61 0.53 0.87 38%
1994 - 1998 19 21 14 0.74 68% 1.24 1.09 850. 33%
1995 - 1999 20 31 22 1.10 80% 1.76 1.20 720. 29%
1996 - 2000 31 44 33 1.06 81% 1.63 1.24 780. 25%
1997 - 2001 35 18 8 0.23 83% 0.47 - 0.33 - 30.7 56%
1998 - 2002 39 27 12 0.31 85% 0.58 0.42 - 780. 56%
Burgerscentrum

1993 - 2002 151 377 569 2.50 51% 0.97 0.96 0.99 34%
1993 - 1997 67 69 99 1.03 66% 1.11 1.07 70.9 30%
1994 - 1998 69 121 80 1.16 64% 1.06 1.07 .031 34%
1995 - 1999 74 149 86 1.16 54% 0.90 0.87 .990 42%
1996 - 2000 71 123 76 1.07 68% 0.85 0.81 990 38%
1997 - 2001 79 137 78 0.99 67% 1.16 0.97 910 43%
1998 - 2002 84 130 60 0.71 71% 0.86 0.64 - .860 54%
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Research School CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations
CentER

1993 - 2002 105 245 382 2.33 52% 1.15 1.36 1.18 36%
1993 - 1997 36 28 54 0.78 58% 1.09 1.19 91.0 48%
1994 - 1998 38 31 59 0.82 66% 1.21 1.31 101. 47%
1995 - 1999 52 50 99 0.96 63% 1.19 1.45 211. 49%
1996 - 2000 54 67 109 1.24 59% 1.35 1.70 241 39%
1997 - 2001 66 72 120 1.09 62% 1.16 1.35 A71 40%
1998 - 2002 69 74 134 1.07 67% 1.18 1.29 101 45%
DISC

1993 - 2002 360 1,015 1,433 2.82 48% 1.21 1.29 + 1.07 29%
1993 - 1997 166 164 241 0.99 64% 1.30 1.30 1.00 32%
1994 - 1998 163 144 218 0.88 62% 1.01 1.02 1.05 34%
1995 - 1999 167 157 244 0.94 63% 1.10 1.09 1.05 36%
1996 - 2000 171 188 325 1.10 68% 1.23 1.27 1.10 42%
1997 - 2001 188 276 447 1.47 64% 1.80 1.64 1.01 38%
1998 - 2002 194 198 367 1.02 64% 1.31 1.08 0.95 46%
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4.4 General results on training location of Dutch mathematics
researchers

Table 4 contains the results of the analysis concerninghef location of formal
education and training of the mathematics reseasdhethe Netherlands included in
this study, in particular its effect on researchfgenance. While viewing and
interpreting these data, it has to be taken intmaat that, while we can classify the
researchers from the Netherlands into differentugso due to co-authors, many
papers cannot be classified definitely and excklgito one specific class or category.

Table 4 starts with the output of those researctiesreceived their formal training
in the Netherlands. Not surprisingly, this is tlaegest set of papers. The 2,518 CI
papers get cited 8,895 times of which 6,200 areraat citations. The mean impact is
2.5 citations per publication, which compares weith both the journal and field
average impact scoreGPP/JCSm= 1.19 andCPP/FCSm= 1.21, both significantly
above average.

The trend analysis shows an increase in outputagath, as in the previous section
for the two large research schools MRI and Stgltg decrease in impact in the
period 1998 - 2002. This causes the mean impacpygication to decline from 1.3

to 0.9 citations per paper, while tk#P/JCSmandCPP/FCSmscores show related

decreases: the journal-normalised impact score flo88 to 1.03 and the field-

normalised impact score from 1.43 to 1.04, levietd are competitive with the world

average.

The next largest set is the set of publicationglated to scientists that received their
training in Western Europe, namely 382 CI publimasi. These papers are cited 1,293
times, and 897 times externally. The mean impa@& 3§ citations per publication.
Compared with the journal and field impact we fimdrld average level impact scores
for this group of researchers. However, the tremalyesis indicates that the impact of
the papers of researchers trained in Western Eusapereasing over time, especially
the CPP/FCSm values, while the output is published in relatveligh impact
journals.

The other sets of publications, from researcheasréteived their training both in the
Netherlandsand elsewhere, or entirely outside Western Europe, eitteer small
(trained in the Netherlands and in Western Eurapel)ave an impact significantly
below the world field average (training exclusivépiso outside Western Europe).
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Table 4: Bibliometric statistics on the formal locdion of training of Dutch mathematics researchers1993 - 2002

Formal location of training CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations

In the Netherlands

1993 - 2002 2,518 6,200 8,895 246 49% 119 + 121 + 1.01 30%
1993 - 1997 1,119 955 1564 0.85 69% 124 + 148 0.95 39%
1994 - 1998 1,192 1,119 1,808 0.94 68% 124 + 20 1+ 0.96 38%
1995 - 1999 1,252 1,399 2,149 112 66% 132 + 32 1+ 1.00 35%
1996 - 2000 1,305 1,643 2474 1.26 65% 136 + 37 1+ 1.01 34%
1997 - 2001 1,342 1,693 2,623 1.26 64% 138 + 43 1+ 1.04 35%
1998 - 2002 1,399 1,290 2,272 092 65% 1.03 04 1. 1.01 43%

In the Netherlands/in Western Europe

1993 - 2002 54 103 160 191 61% 0.96 1.14 1.18 36%
1993 - 1997 23 20 27 0.87 74% 1.14 1.70 015 26%
1994 - 1998 28 26 42 0.93 68% 1.62 1.71 061. 38%
1995 - 1999 30 24 46 0.80 73% 1.16 1.10 950. 48%
1996 - 2000 29 8 27 0.28 86% 0.41 - 0.34 - 30.8 70%
1997 - 2001 30 13 30 0.43 80% 0.62 0.57 910. 57%
1998 - 2002 31 10 26 0.32 81% 0.46 - 0.43 - 940. 62%




Formal location of training CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations

In the Netherlands/outside Western Europe

1993 - 2002 108 144 274 1.33 52% 0.79 0.76 - 0.97 47%
1993 - 1997 43 21 37 0.49 70% 0.65 0.70 81.0 43%
1994 - 1998 46 23 46 0.50 70% 0.61 - 0.74 211. 50%
1995 - 1999 44 23 56 0.52 61% 0.78 0.73 930. 59%
1996 - 2000 51 26 58 0.51 63% 0.96 0.79 820. 55%
1997 - 2001 61 42 98 0.69 64% 1.32 1.04 780. 57%
1998 - 2002 65 57 124 0.88 62% 1.10 0.88 .800 54%

In Western Europe

1993 - 2002 382 897 1,293 2.35 49% 0.95 1.14 1.20 31%
1993 - 1997 160 93 189 0.58 73% 0.85 0.85 .001 51%
1994 - 1998 172 150 269 0.87 67% 0.94 1.09 1.16 44%
1995 - 1999 193 189 320 0.98 63% 0.89 1.23 1.38 41%
1996 - 2000 195 192 325 0.98 67% 0.84 111 1.32 41%
1997 - 2001 213 270 412 1.27 65% 1.06 1.29 1.21 34%
1998 - 2002 222 271 412 1.22 63% 0.94 1.15 1.22 34%
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Formal location of training CPP/ CPP/ JCSm/ % Self-
Period P C C+sc CPP Pnc JCSm FCSm FCSm Citations

Outside Western Europe

1993 - 2002 125 172 266 1.38 50% 0.74 - 0.76 - 1.04 35%
1993 - 1997 53 25 37 0.47 64% 0.71 0.73 31.0 32%
1994 - 1998 50 23 34 0.46 2% 0.87 0.77 890. 32%
1995 - 1999 58 29 47 0.50 79% 0.83 0.86 04 1. 38%
1996 - 2000 66 50 81 0.76 70% 0.93 1.01 09 1. 38%
1997 - 2001 72 58 102 0.81 71% 0.98 1.01 .031 43%
1998 - 2002 72 59 104 0.82 64% 0.99 0.92 930 43%




45 General results on academic ranks of Dutch ma#imatics
researchers

Table 5 contains the results of the analysis concernirggetfiect of the academic
ranks of researchers in the field of mathematicgh@ Netherlands on research
performance. Authors and co-authors of Cl artioke=re classified as professor;
UHD/UD/scientific researcher; postdoc; ‘retired fassor’; ‘retired’, or ‘other’.
Again, as in the previous section, it has to berainto account that, while we can
classify the researchers from the Netherlandsdifterent groups, due to co-authors,
many papers cannot be classified definitely anduskely as belonging to one
specific class or category. Thus, the same papgromdisted under several headings,
as co-authors belong to different categories.

The largest set of publications is related to tbadamic rank of professor. This set
contains 1,702 CI publications, which get cited38,9imes, of which 4,989 times
external. The mean impact is 2.9 citations per pape comparison with the journal
average impact score is 1.23 while the comparisith the field average impact is
1.31; both impact scores are significantly abowerage.

The second largest set of publications containg3L@l papers and is related to the
academic ranks UHD, UD, or scientific researchem®& of these researchers may not
have publishing careers that date back to the yaurt of this study, 1993, resulting in
publications of a more recent date. The first tankis are teaching ranks within the
Dutch science system. The impact of this outputsasnewhat lower than the
professor-rank related output: the normalized impsmres show impact scores
competitive with the world average. Just as prafiessshey tend to publish in journals
with an impact level that is competitive with thend average.

The remaining sets of publications pertain to cthhars of the 300 mathematics
researchers and include post-docs, retired per§oaned a group ‘other’; these are
relatively small in terms of both the numbers ofp@blications involved as well as

the number of citations involved. However, the outitpf the category ‘other’ has a

relatively high impact when compared with the fialkrage impact, although not at a
level that is statistically significant. The fewgtdoc publications are published in low
impact journals, and are cited below the field-nalized average.
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Table 5: Bibliometric statistics on the academic rak of Dutch mathematics researchers, 1993 - 2002

Academic CPP/ CPP/ JCsm/ % Self-
Rank P C C+sc CPP Pnc JCSm FCSm FCSm Citations
Professor 1,702 4,989 6,938 2.93 47% 1.23 + 1431 1.06 28%
UHD, UD,

Scientific researcher 1,473 2,740 4,203 1.86 %53 1.03 1.05 1.03 35%
Postdoc 8 20 29 2.50 13% 1.33 0.53 - 0.40 % 31
Retired Professor 47 92 133 1.96 40% 1.17 1.17 1.00 31%
Retired 70 171 255 2.44 41% 1.13 1.04 0.92 33%
Other 84 150 243 1.79 49% 1.13 1.29 1.14 8% 3




4.6 Research profiles on mathematics research in B universities

In Figures l1a - 1m, we present the research psofte the universities where
mathematics researchers are located in the NethistlaHere, Cl publications are
labelled according to Cl subject category attadioethe journal in which they appear
(see Sections 3.2 and 3.3).

Figure 1lacontains the profile for the Rotterdam Erasmusversity (EUR). Here, the
Cl subfield Statistics & probabilityis the largest field, accounting for more than 30%
of the total EUR CI output. In this field, we firzth average impact scol@f¥P/FCSm

= 0.93). The next two fields aMathematics, appliedndMathematicseach covering
roughly 27% of the EUR output. The impact is high the latter field CPP/FCSm=
1.89), while the impact score for the former figddbelow averageGPP/FCSM =
0.30).

In Figure 1b, we present the research profile for the Nijmegbmversity (KUN)
mathematics researchers. Here, the largest Cleddbi Mathematics followed by
Mathematics, appliedBoth cover about 30% of the output of KUN. Thepaut in the
first field is low (CPP/FCSm= 0.77), while the impact in the second field ighi
(CPP/FCSm= 1.52). Combined, the next two fields cover a6 of the output of
the KUN mathematicians. I@omputer Science, thegrwe find a very high impact
(CPP/FCSm = 2.98), while inStatistics & probabilitythe impact score is below
average.

In Figure 1c, we find the research profile of the Leiden Unsigr (LEI) based
mathematicians. In this profile, three fields aadoior about 80% of the total output.
The largest field isviathematics followed by Mathematics, appliedandStatistics &
probability. In all three fields, we find hig&@PP/FCSmimpact scores, of respectively
1.35, 1.35, and 2.11. The remaining part of thdilpraontains much smaller fields,
with varying impact scores.

The mathematics research based in the Groningewetsity (RUG) is profiled in
Figure 1d. Here, we find one very large fiel#Jathematics covering 50% of the
output, with an average impac€®P/FCSm= 1.10). Combined, the next two fields
cover 30% of the output, nameMathematics, appliecand Automation & control
systemsin the former field, we observe a high impa€PP/FCSm= 1.47), while the
latter field displays an average impact sc@BER/FCSm= 0.90).
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The profile of the Delft University of Technolog§¥yD) is presented ifrigure le
Here, we find the strongest focus dvlathematics (28% of the output) and
Mathematics, applied26% of the output). The impact Mathematicss high, with a
CPP/FCSmof 1.29, while the impact itMathematics, applieds of average level
(CPP/FCSm = 1.07). The remaining fields in the profile ardated to computer
sciences and technical sciences, with varying impaores. A high impact score is
found forElectrical & electronics engineerinCPP/FCSm= 2.33).

The research profile for the Eindhoven Universityfechnology (TUE) is presented in
Figure 1f. Here we find the same fields&thematicsandMathematics, applieds in
the previous profile on top, with average impaadres. The remaining part of the
profile contains technical sciences as well as adpipscience fields, with a very high
impact for Electrical & electronics engineeringCPP/FCSm = 3.39), and a high
impact forComputer sciences, information syst€@BP/FCSm= 2.08).

Figure 1g contains the research profile for the Universityaddtricht (UM)
mathematicians. In this profile, we find five fisldall with relatively low impact
scores of whictOperations research & managemaestthe largest, with over 25% of
the output.

The research profile of the University Twente (WS presented ifrigure 1h, in which
two fields play a dominant role. Botperations research & managemeand
Mathematics, appliedontribute for 20% to the profile of UT. In thedf field, we find
an average impact scor€eRP/FCSm= 0.83), while we find for the second field an
impact score just below world average lev@PP/FCSm= 0.76). High impact scores
are observed for several computer science anditadtstiences fields.

The research profile of the University Utrecht (UYisplayed irFFigure 1i. The first
two fields, Mathematicsand Mathematics, appliedaccount for over 65% of the
profile. Both fields have high impact, but espdgiah the latter field, we find a very
high impact, CPP/FCSm= 3.06). A number of smaller fields are charazti by
varying impact scores. I@omputer science, theqrye find a high impact score as
well (CPP/FCSm= 2.02).

Figure 1j contains the research profile for the UniversityAesterdam (UvA) based
mathematicians. Here, we also fihthematicsand Mathematics, applieih the top
of the profile.Both fields contribute together for nearly 60% he total output of the
UVA, and both fields display high impact scorestito other physics research related
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fields, we find very high impact scoreBhysics, particles & fieldgCPP/FCSm=
3.65), andPhysics, nuclea(CPP/FCSm= 6.85). Finally, we observe a high impact
score for the social sciences fiddonomicfCPP/FCSm= 2.70).

In Figure 1k, we find the profile for the University of TilburgJvT). The profile
displays a mixture of social sciences fields andrsm fields. In the top of the profile,
five fields each accounting for10% or more of thepaoit are found, with high and low
impact scores. For the two mathematics fieldldathematics and Mathematics,
applied a high impact is observed.

The profile of the Free University of Amsterdam (/Wlisplayed inFigure 1l
contains only fields with either high or low impaciores. The first three fields account
for 80% of the output of the VU. Botiathematicsand Statistics & probabilityhave
high impact scores (of 1.49 and 1.65 respectivelije Mathematics, appliethas a
relatively low impact scoreQPP/FCSm= 0.76). Physics, mathematicdlas also a
high impact scoreGQPP/FCSm= 1.41).

The research profile of CWI is displayedRigure 1m. In this profile we find a large
number of fields (N = 16), of which only one hatow impact score, and four other
have average impact scores. The remaining eleedsfall have high impact scores.
The largest fieldMathematics, appliedcontributes 35% to the total output of CWI,
with an impact of 1.52. Fields where we find highpact scores includ®perations
research & manageme(€PP/FCSm= 2.53) Computer science, software & graphics
(CPP/FCSm= 2.01) ancengineering, chemicdICPP/FCSm= 2.14).
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Figure 1a

Research profile
Output and impact per field
1993 - 2002
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Figure 1b

Research profike
Output and impact per field
1993 - 2002
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Figure 1c
Research profile
Output and impact per field

1993 - 2002

FIELD
(CPP/FCSm) LEI

MATHEMATICS (1.35)

MATH, APPLIED (1.35)

STATISTICS&PROBA
(2.11)

OPERAT RES&MGMT
(1.04)

ENG, ELEC&ELEC (1.30)

COMPU SCI,THEORY
(3.35)

PHYSICS, MATHEMA
(0.81)

PHARMACOL & PHAR
(0.00)

I—IM-—-&\Q

COMPU SCI, INFOR  (1.71)

AUTOM & CTRL SYS
(1.75)

MECHANICS (1.88)

25 30 35 40 45

0 5 10 15 20
Share of the output (%)

IMPACT: tow [ 1 AVERAGE P77 ncH N




54

Figure 1d

Research profile
Output and impact per field
1993 - 2002
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Figure 1le
Research profile

Output and impact per field
1993 - 2002
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Figure 1f

Research profile
Output and impact per field
1993 - 2002
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Figure 1g

Research profile
Output and impact per field
1993 - 2002
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Figure 1h

Research profile
Output and impact per field
1993 - 2002
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Figure 1i
Research profile
Output and impact per field
1993 - 2002
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Figure 1j

Research profile
Output and impact per field

1993 - 2002
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Figure 1k

Research profile
Output and impact per field
1993 - 2002
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Figure 1l

Research profile
Output and impact per field
1993 - 2002
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FIELD
(CPP/FCSm)
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Figure 1m
Research profile
Output and impact per field
1993 - 2002
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4.7 Research profiles on mathematics research in Bahn research
schools

In Figures 2a - 2g we present the research profifethe research schools in which
mathematics researchers in the Netherlands areiaegh

In Figure 2a, we find the profile of EIDMA, covering in the twoppermost fields
(MathematicandMathematics, appligdoughly 55% of its output. In these fields, the
school has average impact scores. In the next teldsf we observe high impact
scores: forOperations research & managemewnte find aCPP/FCSmscore of 1.38,
and forComputer science, theqrg CPP/FCSmvalue of 1.75. In most of the small
output fields we find high impact scores.

In Figure 2b, the research profile for MRI is shown. The tw@epfields in the profile
areMathematicsandMathematics, appliedogether contributing for 60% of the output
of the school. In both fields, we find high impacbres CPP/FCSm =1.28 and 1.68,
respectively). In most other fields in the profilke school has low impact scores. The
other field in the profile with a high impact@mputer science, theo(@PP/FCSm=
2.38).

In Figure 2c¢, the research profile of Stieltjes is presentdte Most important field in
this profile is Mathematics with over 30% of the output, andhagh impact score
(CPP/FCSmM=1.47). The only other field with a high impactEagineering, electrical
& electronics(CPP/FCSm= 1.47). Furthermore, the profile contains juseéhfields
with a low impact score, all other fields havinggeage impact scores.

The discussion of the results for the researchashaith a smaller output will focus
on the larger subfields in the research profile. ivie the research profile for the
research school Beta iRigure 2d. The two most important fields a@perations
research & managemeamindStatistics & probability Both fields combined contribute
over 60% of the total output of Beta. In both fgldve find relatively low impact
scores. Most other fields are characterized byvanage or low impact. However, we
observe a high impact iBngineering, industria(CPP/FCSm= 1.94, and 6% of the
output).

The research profile of Burgerscentrum is displayeBigure 2e In this profile, we
observe a strong focus dviathematics, appliedcovering 30% of the output of the
centre. In this field, the school has a 12% abosrage impactGPP/FCSm= 1.12).
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The next three fields contribute each over 5% efttital output of the centre. Here,
Computer science, interdisciplinary applicationgh an average impacCPP/FCSm

= 1.09), and two subfields with a high impaktechanics(CPP/FCSm= 1.22), and
Computer science, theo(PP/FCSm= 1.23). Another field in which the centre has a
high impact isEngineering, chemicgCPP/FCSm= 1.87).

The research profile of CentER is showrFigure 2f. Here, nearly 40% of the output
is covered by two fields, nameMathematicsand Mathematics, appliedn the first
field, the school has a high impact sco@PP/FCSm= 1.48). The impact in the
second field is also highCPP/FCSm= 1.54). InEconomics we find a low impact
score for this school, while we find an average asipscore forStatistics &
probability. For two technical sciences fields, each coveditg- 9% of the output, we
find high impact scoresCPP/FCSm= 1.58 and 1.60).

The research profile of the research school DIS@idplayed inFigure 2g. Here we
find Automation & control systenmas the most important field, covering over 30% of
the output of the school. In this field, the schbak a high impactGQPP/FCSm=
1.48). Next, we findMlathematics, appligda field in which the school published over
20% of its output, with an average impact. In thextntwo fields, Engineering,
electrical & electronicsaandOperations research & managemewe find respectively
17% and 8% of the school’'s output, while the sch@d a high impact in the former
field (CPP/FCSm= 2.42).
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Figure 2b

Research profile
Output and impact per field
1994 - 2003
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Figure 2c

Research profile
Output and impact per field
1994 - 2003
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Figure 2d

Research profile
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Figure 2e

Research profile

Output and impact per field
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Figure 2f

Research profile
Output and impact per field
1994 - 2003
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Figure 29
Research profile

Output and impact per field
1994 - 2003
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4.8 Scientific cooperation analysis of Dutch univesities

Three types of scientific collaboration were digtished (see Section 3.3).
Publications with only one address were assignetSitegle address publications
Publications with multiple addresses, all from #sme country, were assigned to
‘national collaboration: Finally, all publications with at least one addr@®utside the
Netherlands were marked with collaboration tyipéernational. In the figures 3a - 3c,
the results of the analyses of scientific cooperatypes are shown.

In Figure 3a we find the output shares per university in th#pat class ‘Single
address publications’. We observe a strong variaimong the universities, from 17%
(UM) to 43% (UU) of the output. Also, the impacbses fluctuate among universities:
high scores are found for UU and KUN, among othessije relatively low impact
scores are observed for EUR, UT, and UM.

Next, in Figure 3b, we find the results for the output class ‘Natiooaoperation’.
Again, we see considerable variation in output ehi@mong the universities. Among
the impact scores for publications produced inamati cooperation, we also find such
a variation: high impact scores are obtained by WUE and UvA, while we find
relatively low impact scores for UM, KUN, and EUR.

Finally, the result of the analysis on the outplatss ‘International cooperation’ is
shown inFigure 3c. We find large output shares in this type for UMla/U, with a
relatively low and an average impact score, respagt Other relatively low impact
scores are found for UvT, and KUN, while the highiespact scores are found for
UvA, UU, and LEL.
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Figure 3a

Scientific research profile
Output and impact per type
1993 - 2002
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Figure 3b

Scientific research profile
Output and impact per type
1993 - 2002
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Figure 3c

Scientific research profile
Output and impact per type
1993 - 2002
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4.9 Scientific cooperation analysis of Dutch matheatics research
schools

The results of the analysis on scientific cooperattypes among Dutch research
schools in the field of mathematics are displayeHigures 4a - 4c.

In Figure 4a, the output shares among research schools in Shglé address’
publications shown. Here, we observe less variadomong the research schools:
roughly between 30% and 43% is covered by this.tifmevever, the only schools with
high impact in this type are MRI and CentER, wiile only one with a relatively low
impact is Beta.

In Figure 4b, we find the results of the analysis of the cl&ational cooperation’
among Dutch mathematics research schools. Hereyathation is somewhat larger,
ranging from nearly 10% to 35 %. Here, four schdwse an average impact, while
high impact is now found for CentER, DISC, and EIRM

Finally, Figure 4c displays the analysis of the international co-matlons of Dutch
mathematics research schools. The output shargsfream 25% to above 50% of the
output. For three schools, we find high impact ssoresulting from international
scientific co-publishing: DISC, Stieltjes, and EIBW
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Figure 4c
Scientific cooperation profile
Output and impact per type

1993 - 2002
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4.10 A survey of output and impact results for uniersities and
research schools

In Figures 5a — 5b, the output (in absolute numberdisplayed in combination with
the impact CPP/FCSn) related to this output, for universities and egsl schools.

In Figure 5a, the output in Dutch mathematics research acros®isities is related to
the field-normalized impact (CPP/FCSm). First, vieserve strong differences in terms
of the output per university. For four universitiege find more than 400 CI journal
publications in a ten-year time-period (TUE, TUD,T,Uand CWI). For two
universities, we find impact scores significantiidw world average level (UM and
UT). However, for four universities, we find impasxtores significantly above world
average level (in order of descending number oempr UE, CWI, UVA, and UU).

In Figure 5b, we display a similar analysis for research school the Dutch
mathematics landscape. As stated above, Stieltss am exceptional number of
publications, and is by far the largest schoolhia Netherlands in terms of output.
Only two research schools have impact scores soatewht not significantly, below
the international field average, while the othgefare well above world average level
(with Stieltjes, MRI, and DISC having an impact tths significantly above world
average level).
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4.11 Knowledge users of Dutch mathematics research

To identify users of published Dutch mathematicseagch knowledge, a ‘knowledge
user profile’ is calculated for Dutch mathematieseaarch. A knowledge user profile is
a breakdown of the publications citing Dutch math&os research papers. These
citing publications are categorized into subfietdsscience (based on the CI subject
categories, see Section 3.3). A citing publicai®rcategorized only once, even if it

cites more than one Dutch mathematics researchr.p&pé-citations are excluded

from the analysis.

Figure 6 shows that Dutch mathematics research is citedt méien in three
mathematics and statistics fielddathematics Mathematics, appliedandStatistics &
probability. Other important citing fields are related to emgiring, ICT research and
physics research. Other prominent citing fieldslude Operations research &
managemeniand Economics Remarkably, the total number of citations to Dutc
mathematics research from fields outside the camaih of mathematics research
exceeds that from the mathematics and statistcahals.

Only two of the citing fields display an averagepsemt score, all other citing fields
have high impact scores. This indicates that theo@put of Dutch mathematics
researchers is noticed by high impact researchmdprming at the edge of the
research frontier.
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Figure 6

Knowledge user profile
Output and impact of citing fields
1993 - 2002
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5. Results of the non-Cl analyses

The present study offers an analysis of the tali@ingific output of Dutch mathematics
researchers participating in the present studyresgmting not only the share of the
output as could be retrieved from the Citation ¢edi Cl publication3, but also the
part of the scientific output that appeared in othedia, such as journals not-covered
by the CI as source journal, books, book chaptersnographs, contributions to
conference proceedings, and so amn-Cl publications Publications directed
primarily at a non-scientific public were not indkd. For the non-CI analysis, we
searched for citations to non-Cl publications ie $ource journals of the Citation
Indices (see Section 3.7). An important differemgéh ClI analysis is that the self-
citation analysis for non-Cl source items couldyoné conducted for first authors, as
we do not always have the complete list of authbngrefore, the resulting percentage
of self-citations for non-ClI items will often be regiderably lower than that in the CI
analyses where self-citations from all (co-) ausheme removed.

As is indicated in Section 3.7, the results frone thon-Cl analysis should be
considered as indicative, since we lack the pro¢a to make a full comparison. We
recommend care in drawing conclusions from thegureson-Cl analysis.

Below, we will present the results of the impacalgsis of Dutch mathematics output
not covered by the previous sections, and makargpadson between the non-Cl and
Cl based results. The impact scores for the nopt®lications are included for both
institutions and research schools.

In Table 6a we find the non-ClI results per university. Fog torresponding Cl results
we refer to Table 4.2. The university with by fdretlargest number of non-Cl
publications is the University of Technology Eingka P = 1,648), followed by four
universities with over 700 non-Cl publications (Uamsity of Technology Dellft,
University Twente, University of Amsterdam, and f#free University of Amsterdam).
However, the volume of non-Cl output varies greattyong the universities. For some
universities, we observe rather low numbers of @brpublications (EUR (P = 63),
KUN (P = 100), RUG (P = 112), and the UM (P = 14B)e other universities and the
CWI produce between 200 — 512 non-Cl publications.

In general, the non-Cl publications generate a idengble number of citations (as
counted in the reference lists of publications udeld in the CI journal literature

covered by the Citation Indices).
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Table 6a: Results of the non-Cl analysis for Dutchmathematics research,
universities, 1993 - 2002

P C C+sc CPP % sc *
CWI 512 1,049 1,184  2.05 11%
EUR 63 41 71 0.65 42%
KUN 100 407 461  4.07 12%
LEI 200 794 874  3.97 9%
RUG 112 253 330 2.26 23%
TUD 736 873 1,082 1.19 19%
TUE 1,648 3,083 3,656 1.87 13%
UM 148 167 213 1.13 22%
uT 764 1,187 1,413 1.55 16%
uu 250 1,250 1,366  5.00 8%
UVvA 757 1,159 1,423 1.53 19%
UvT 250 337 407 1.35 17%
VU 720 1,814 2,031 2.52 11%

* The self-citation analysis for non-Cl publicat®oould only be conducted for first authors.
Therefore, the percentage of self-citationsudirig those by co-authors will usually be much kigh

Table 6b: Results of the non-Cl analysis for Dutchmathematics research,
research schools, 1993 - 2002

P C C+sc CPP % sc *
EIDMA 446 1,113 1,205 2.50 8%
MRI 562 1,831 2,096  3.26 13%
Stieltjes 1,351 2,297 2,726 1.70 16%
Beta 57 55 72 0.96 24%
Burgerscentrum 267 423 513 1.58 18%
CentER 118 188 227 1.59 17%
DISC 642 823 978 1.28 16%

* The self-citation analysis for non-Cl source iteoould only be conducted for first authors.
Therefore, the percentage of self-citationsudirig those by co-authors will usually be much kigh

The impact as expressed by the total number dianits (C) varies strongly among the
universities (C between 41 (EUR) and 3,083 (TUH)g Tiniversities with a relatively
large volume of non-CI publications tend to gereratany citations, although this
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does not necessarily lead to high mean impact sd@®P) as well. We observe the
highest impact mean impact scores for three uritiesswith relatively small numbers
of non-Cl publications (UU (CPP = 5.00), KUN (CPR#97), and LEI (CPP = 3.97)).
The citation scores including (first-author) setiitons C+s¢ tend to be not a great
deal higher than the citation total without settions. The percentage of self-
citations varies between 8% (UU) and 42% (EUR).

When we consider the non-Cl output of the reseaatools, we notice a strong
variation across the Dutch research schdable 6b shows that the largest number of
non-Cl publications is found for Stieltjes, follod/dy DISC, MRI, and EIDMA. The
highest impact (CPP) is found for MRI and EIDMA. deneral, the non-Cl output is
concentrated in a number of universities and rebeschools.

Next, we compared the distribution of Cl and nongDblications over universities
(Figure 7). While some universities, including EUR and KUMNisplay a strong
preference for Cl-covered journals, other univasishow a relatively large output in
non-Cl media (e.g., TUD, TUE, UM, UT, UVA, and tk&)). Figure 8aclearly shows
that the impact generated by the two types of &fiepublishing is not directly linked
to the preference of publishing in either one @sthtwo types: of the three mainly-1SI
oriented universities, two (LElI, KUN) show a highénpact for their non-Cl
publications, while of the six strongly non-ISI emted universities, four (TUD, TUE,
UT, UVA) display a higher mean impact scores f@itiCI| output.

In general, seven out of the thirteen institutegeha higher impact (CPP) for their CI
publications than for their non-Cl publications. wtver, the impact of non-Cl
publications is particularly important for KUN andEl, as it is nearly twice that of
their Cl publications. This is less clearly so &y, due to the relatively high impact of
its Cl publications. It should be noted that th#see universities do not fare badly at
all in the CI analyses, as they all have field-nalired impact scores (CPP/FCSm) that
are somewhat to significantly (10% - 92%) aboveltvaverage (Section 4.2). For the
other ten institutes, either their CI publicatidrasse the higher impact or the difference
in impact between CI publications and non-Cl pudimns is limited to about 0.5
citations per publicatiorf-igure 8b shows that the latter difference can be neglected,
as it is due to the more stringent deletion of-s#itions for ClI publications (i.e., all
self-citations by first author and co-author(s)prihfor non-Cl publications (i.e.,
deletion of self-citations only for the first autho In Figure 8b, for both CI
publications and non-Cl publications, the numbercitdtions per publication (CPP)
has been computed including self-citations.
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Figure 7. Comparing Cl-covered and non-Cl covered otput per university, 1993
- 2002.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Ccwi

EUR

KUN

LEI

RUG

TUD

TUE

UM

uT

uu

UvA

WT

'

Figure 8a: Comparing Cl-covered and non-Cl coverednean impact (CPP) scores
per university, 1993 - 2002.
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Figure 8b: Comparing Cl-covered and non-Cl coveredmean impact scores per
university including self-citations, 1993 - 2002.
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The CPP scores do not take into account many impbrtactors including the
(differences in) age distribution of the variousbfication types, and differences in
(distribution of) document types, such as high iotpaviews for Cl publications and
high impact monographs for non-Cl publications. dAlghe impact of non-Cl
publications has not been compared to internaticeference values. Of course, CPP
scores could only be computed on the basis of ea®s contained in Cl source
journals. Conceivably, this might a disadvantagenfan-Cl| publications, which might
be cited to a greater extent in non-Cl sourcesh\Whe present data, this possible
disadvantage cannot be substantiated. Howevepr#sent citation impact scores also
provide a considerable advantage to non-Cl pulitinat It has been mentioned before
that self-citations of co-authors have been removexn CPP scores on CI
publications, but were retained for non-Cl publicas.

In sum, the findings show that:

1. Non-Cl publications contribute considerably to #wentific output of Dutch
mathematicians in terms of numbers;

2. The impact of non-ClI publications is considerabléiough it tends to be lower
than that of CI publications. This is as expectsdthe Citation Indices prefer to cover
media with the highest impact level. Therefore, ibgults should not be interpreted as
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indicating that the Cl-analysis overestimates thpact of mathematics research in the
Netherlands;

3. For two to three out of thirteen universities, timpact of non-Cl publications
is considerably higher than of their CI publicasorlowever, these universities do not
fare badly in the Cl analyses. For the other tamassities, impact of Cl publications is
either higher than or about equal to that of thein-Cl publications.

In general, the findings from the limited non-Claéysis seem to accord reasonably
well with results and conclusions obtained in thleaBalysis. The non-Cl analysis
shows limitations of the Cl analysis as it allowsare extensive insight into impact
and particularly output of mathematics researchhie Netherlands. In subsequent
research, it may be useful to conduct a more ermbn-Cl analysis. Recently,
CWTS has started to develop methods to provideriat®mnal reference values for
non-Cl publications (e.g., Visser et al., 2003).réjeseparate worldwide reference
values are computed for serial non-Cl publicaticensd for all other non-Cli
publications.

91



6. General characteristics of mathematics and statists research

In this section we examine a number of general agtaristics of mathematics
research, as covered in the Cl databases and ksmitbain this study. This analysis
serves as background information against which sohthe findings can be held for
comparison.

The ClI fields that are dealt with avathematicsMathematics - appliedandStatistics
& probability. These are the three most important Cl fieldseirms of number of
publications in the present study. Topics that viaé dealt with are changes in
publication coverage, in external citations, andséif-citations over time, and the
development of multiple-authorships in mathematisearch during 1980 — 2003.

In Figure 9, the output numbers for each of the three fiddshematicsMathematics

- applied and Statistics & probabilityare displayed as they are found within the
databases covered by ISI in the Citation Indicds (e strong increase in covered Cl
output since 1993 is related to the introductiorthef so-called CompuMath Citation

Index, a specialty citation index that deals mainlth the fields of mathematics and

computer sciences.

Figure 9: Numbers of publications in Mathematics Mathematics - applied and
Statistics & probability 1980-2003
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In Figure 10, the number of received citations is displayed dablications in each
publication year between 1980 and 2003. Here, i@itatrefer to the aggregated
citation numbers received externally (that is, edolg self-citations) by the three
fields combined. In Figure 10, we can observe tverpmena. In the first place, and
related to the data in Figure 9, there is an irsgea the number of citations received
by the output of the 1980’s, from 1991/1992 onwaiidss is caused by the fact that
the citing volume is increased significantly froheh on by the addition of Specialty
Citation Index CompuMath to the CI.

The second remarkable aspect that can be obsarnFdure 10 is the relatively stable
level of received citations over time. In geneved, observe a peak in the number of
received citations four to five years after pubiimas appeared in the journals.
Thereafter, the number of citations remains red¢dyistable, whereas in other fields of
science, we observe a stronger decrease of theanwhbitations over time.

Figure 10: Numbers of external citations to publicons in Mathematics
Mathematics - appliedand Statistics & probabilitycombined, 1980-2003
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Figure 11: Numbers of self citations to publicatios in Mathematics Mathematics -
applied and Statistics & probabilitycombined, 1980-2003
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In Figure 11, we find the number of self-citations to the poations over time. Again,
publications are combined for each publication ymetiveen 1980 and 2003. Here, in
contrast with the development visible in externghtmons, we clearly see a strong
decrease in citation impact shortly after the maneéipublishing.

In Figure 12, we present the results of an analysis on the roeece of multiple
authorships in the combined fields ®&athematics Mathematics - appliedand
Statistics & probability For this analysis, we counted the number of asthper
publication, and divided publications over elevdasses, indicating the number of
authors attached to a paper. The last class efist®n authors or more’. One clearly
observes that the percentage of papers with ordyaoithor decreases strongly between
1980 and 2003, while multi-authored papers accéomt much larger share of the
output in the field, especially papers with twatmee authors.
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Figure 12: Multi-authorships in publications in Mathematics Mathematics -
applied and Statistics & probabilitycombined, 1980-2003
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7. Conclusions and discussion

7.1 Bibliometric indicators

We start this final section with a fegeneral comments on the use of bibliometric
indicators for the assessment of research perfaredhis our experience in previous
studies on research performance in the natural ldedsciences, medicine, the

humanities, and in the social and behavioral seignthat bibliometric indicators

provide useful information to a peer review comedtt evaluating research

performance. These studies revealed a fair cornelgpme between the results of
bibliometric analyses on the one hand, and judgsnentscientific quality by peers on

the other hand. In our view, a quality judgment amesearch unit, department or
institute can only be given by peers, based ortaildd insight into content and nature
of the research conducted by the group or instilmtguestion. The citation-based

indicators applied in this study, measure the impathe short or middle-long term of

research activities at the international researohtf as reflected in publication and

citation patterns. Impact and scientific qualitg aot necessarily identical concepts.

Bibliometric indicators cannot be interpreted pndypevithout background knowledge
on both the research units that are evaluated tlendubfields in which the research
units are active. In fact, in previous studies \@genencountered a few cases in which
a bibliometric indicator pointed in one directiond., a low impact), while statements
by peers or even other indicators pointed in amotheection (e.g., a high quality).
Analyzing such discrepancies from a bibliometrignp@f view, specific limitations
related to the bibliometric methodology appliedtire study in question may be
identified. While in most cases such limitationstaodly affect the results or have no
effect at all, in exceptional cases the biblioneetritcomes may provide an incomplete
or even distorted picture. For instance, the diassion of journals into subfields
(‘journal categories’) may be less appropriate $ome research units, particularly
when they are active in topics of a multidisciptynaature. Then, in the calculation of
the impact compared to the world subfield citadwerage, this world average may not
be representative for the subfield in which sualsearch group or institute is active.
If there are strong indications that the definitafrthe (sub)field in terms of ClI journal
categories is inadequate, then the journal-baseddwaverage JCSm) is more
appropriate. In particular, this latter case peddb developing new interdisciplinary
fields.
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A second limitation concerns the coverage of th&toin Indices (Cl). In specific
subfields, particularly in applied or technicaleswes, the Cl coverage may be less
adequate. Section 6 showed the improvement of @Grege over time, especially for
the CI fields Mathematics, appliedand Statistics & probability A second point
concerns non-Cl publications (e.g., articles irj@ls that are not or no longer covered
by CI). For a number of research units, valuablditamhal information may be
obtained by retrieving impact data for non-Cl paations, as shown in Section 5.

Another example of a limitation of bibliometric dysis relates to time delays. It may
take several years for a collection of papers toegte a high impact. We have
analyzed research units that had generated onlyoderate impact at the time.
Confronted with the bibliometric results, severakps stated that these research units
had recently made important contributions to tkedfi When we updated the results
after a few years, several research units indeegesth a sharply rising impact curve.

We do not wish to imply that alliscrepancies between bibliometric indicators and
peer judgments are necessarily due to problemsnotations of the bibliometric
methods applied (Nederhof, 1988). Equally, it wonlat be appropriate to attribute
such discrepancies only to peers expressing intoorebiased views on the scientific
guality of a research unit. Still reasoning frore fioint of view of the bibliometrician,
discrepancies between bibliometric indicators amdrgudgments often constitute a
research problem in itself and often considerable effort is required to examine a
discrepancy in sufficient detail.

Nevertheless, also peer review has its disadvasitagen Raan 1996). Therefore, the
appropriate combination of peer-based qualitativaseasment and quantitative,
particularly bibliometric indicators appears tothe most successful approach in order
to reinforce objectivity, transparency, comparapiliand reproducibility in the
assessment of research performance.

Publications were excluded of retirees and of netess no longer or not yet present
in either a permanent or a tenure track positiorseptember 1, 2003 (see Section 1).
Also, relevant work of junior scientists publishiwghout their mentor may not always
have been included. Scientists or units may hageiqusly participated in one of our
bibliometric studies. In some cases, different Itesare obtained. Reasons for
differences between the present study and a prewoa include changes in (status of)
participating scientists, differences in publicagdhat are included, and a difference in
the period during which citations are collected.

97



7.2 Bibliometric results

In the current study, a number of remarkable asp@e worth referring to.

For the total set of publications, covering all licdtions classified as Dutch
mathematics research, we find a decrease of thgotitimpact in the last period of the
analysis (Section 4.1, Table 1). This phenomenan loa related to a number of
universities, namely the Universities of Technoldgglft and Eindhoven, but more
importantly, the University of Amsterdam. Previ@igdies have shown cases in which
a small number of papers, or even a single pamerddcinfluence the bibliometric
profile for a unit under study. Partly, this wasedio the measuring method, which
excludes particular highly cited publications, Imere we have the situation that the
impact was high, up until the period 1997 - 200dllofved by a sharp decrease in
impact in 1998 — 2002. The observed decreasegsliadue to the exclusion of three
specific publications inNuclear Physics Bin 1997, which together receive 266
citations. These three publications are preseal iB-year blocks of publications in the
trend study (starting with 1993 — 1997), exceptlf®®8 - 2002.

In general, in academic mathematics research, me lfirge differences among the
universities in the Netherlands, both in termsha butput as well as in terms of the
impact (Section 4.2). Among the research schoatsfimd similar strong differences in
output and impact (Section 4.3). One has to bearim that three research schools are
purely mathematics oriented, while the other onewerc several disciplines,
mathematics being one of these disciplines. Oreareb school in particular, Stieltjes,
is taking a dominant position in the Netherlandshamatics landscape.

With respect to the research profiles, dominatti§ienclude the mathematics Cl fields
(Mathematicsand Mathematics, applied Statistics & probability and Operations
research & managemef®ection 4.6). In some of the research profilesciearly see
links with either physics-related research, or with technical sciences. Especially in
case of the latter, for some mathematicians we fawed high impact scores.

Concerning the types of scientific cooperation, deenot find any particular pattern
across Dutch mathematics, with varying impact ss@8ection 4.8). With respect to
international cooperation across universities, wamally find high impact scores for
the resulting output, but in this case we find bedlnying output shares (ranging from
35% to 60%) and varying impact scores (field-noipeal impact ranging from 0.50 to
2.12). For the research schools, we obtain siffiitaings, although we find less low
impact output here (Section 4.9).
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The analysis of the CI and non-ClI publications d¢adies that their number is more or
less equal (Section 5). However, at the level a¥ensities important differences are
obtained. We find that some universities have acfmlarger share of their output in
non-Cl covered sources than in Cl sources. In génkowever, we observe a higher
mean impact for Cl publications than for non-ClI dtions. One has to keep in mind
that citations received by both types of publicagiare retrieved from the Citation
Indices, which makes it difficult to estimate toial extent both types of publications
are cited by those sources that are not coverddnatite Citation Indices. In sum, the
findings show that:

1. Non-Cl publications contribute considerably to tkeentific output of
Dutch mathematicians in terms of numbers;

2. The impact of non-Cl publications is consideralalghough it tends to be
lower than that of Cl publications. This is as expd.

3. Only or two to three out of thirteen universitighe impact of non-Cl
publications is considerably higher than of their gliblications. However, these
universities do not fare badly in the Cl analyses.

The non-Cl analysis allows a more extensive insight impact and particularly
output of mathematics research in the Netherlamdgeneral, the findings from the
limited non-Cl analysis do not seem to accord reably well with the results and
conclusions obtained in the CI analysis.

The analysis of the bibliometric characteristicamdthematics and statistics research
as covered in the journals processed for the Gitdtidices shows the differences and
similarities of these fields with other sciencdd&e(Section 6). The citations received
by mathematics and statistics research paperstionerindicate that the papers from
these fields have in general a longer life cyckntfor example the publications from
biochemistry or molecular biology. In other worgsiplications from mathematics and
statistics research get cited over a much longeingheand the highest number of
citations is reached usually after four or five ngedHowever, the self-citation pattern
of the publications from mathematics and statisthusws a strong similarity with other
research fields: researchers tend to cite theirwank frequently in the short run, with
self-citations fading out after a short period daling publication. Yet another
important resemblance with other fields is the éasing number of authors involved
in writing papers in mathematics and statisticsisTevelopment is similar to
international trends, where we observe an incrgasiternationalization, resulting in
more authors per paper.
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Appendix

Statistical Test
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Explanation of the significance test used by CWTS

The significance test used by CWTS is developeWblanzel.

This test indicates whether the impact of a reseanits publication output differs significantlyofn all

the publications in the journal(s) or the subfiéisn which the research unit was active.

Citations have a skew distribution, but the averaggtion-scores within a distribution are
approximately normally distributed. Being empiricdata, citation data are subject to statistical
(‘random’) influences. Their random error (whichnclae determined from the number of publications
and from the citation-frequency distribution) mum taken into account when citation-averages are
compared with each other, or with given ‘fixed’ was. The standard errdfx) of the mean citation-
scorex of a certain research unit depends of the sizbeofesearch unit and the variance of the citation
distribution:

d(x)= D/+/n,

wheren represents the number of papers published byetbearch unit, and represents the standard-
deviation of the citation distribution. We say thais significantly larger / smaller than a giveneik
valuea at a confidence level of 95%, (k-a)/d(x) is larger than 1.96, respectively smaller tha®61.
This method can be applied in the comparison afseddCPP) with ‘expected’ scoresICSm FCSm).
Since the ‘expected’ scord€Sm/ FCSm are based on rather large data sets, their ‘ranhéamr is
much smaller than that of the value CPP, and caretbre be neglected. Thus, for comparisons the
JCSmandFCSm can be treated as fixed values.

The shape of the citation frequency distributiomést represented byrnegative binomial distribution
(cf. Schubert & Glanzel, 1983). An important vateabo estimate this distribution is the percentafe
uncited publications. As a consequence, it may éaghat the average impact of one research unit is
not significantly different fromJCSm or FCSm, whereas a research unit with a lower number of
publications and a lower volume of citations, bithva different percentage of uncited publicatidogss
yield a significant finding against simildCSmor FCSm values.

Previous research at CWTS has shown that similsultee are obtained by using a non-parametric
statistical test. Only for small numbers of pulficas and citations, the Glanzel test may render a
significant result where the non-parametric teshige conservative. However, the Glanzel testlisiso
when the number of publications and citations isveoy small.
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