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Abstract 

This paper presents a bibliometric assessment of the output and impact of the research activities in the field of chemistry 
at universities in the Netherlands during the period 1980-1991. It analyses the position of The Netherlands Foundation for 
Chemical Research (SON), which is a subsidiary of the Netherlands research council NWO. The methodology applied in the 
study represents a synthesis of 'classical' macro indicator studies on the one hand, and bibliometric analyses of research 
groups and subfields at the micro- or meso-level on the other. We found that academic chemical research in the Netherlands 
has gained a high impact compared with a world average, and that the chemists tend to publish in high impact journals as 
well. The highest impact is achieved by papers that were written in collaboration with scientists from groups outside the 
Netherlands, indicating that the Dutch chemists play an important role in international scientific networks. 

There is a significant correlation between a group's bibliometric impact and the f'mancial support obtained from SON. 
We discuss several aspects of this correlation in more detail, and draw conclusions with respect to the usefulness of 
bibliometric analyses and implications for research policy. 

1. Introduction 

This study relates to the publication output and 
impact of  656 senior scientists in the field of  chemi- 

" Corresponding author. 
i This paper is partly based upon the research report "Biblio- 

metric Profiles of Academic Chemistry Research in the Nether- 
lands. A Bibliometric Study on the Publication Output and Impact 
during the Time Period 1980-1991 of 656 Senior Scientists 
Participating in 17 Departments ('Working Communities') of the 
Netherlands Foundation for Chemical Research (SON)", by H.F. 
Moed and J.G.M. van der Velde. 
Research report to the Netherlands Foundation for Chemical 
Research (SON), and to the Netherlands Organization for Scien- 
tific Research (NWO), CWTS Report 93-08, Leiden, The Nether- 
lands, 1993. 

cal research in the Netherlands. The time period 
covered is 1980-1991.  The study is based on a 
quantitative analysis of  scientific articles published 
in journals processed for the Science Citation Index 
(SCI), and containing at least one corporate address 
from the Netherlands. The sample of  chemists anal- 
ysed in this study includes all researchers who partic- 
ipated in 283 working groups in 17 SON working 
communit ies  and who had tenured posit ions at Dutch 
institutions in May,  1992. The institutions involved 
are mainly Dutch universities. On the basis of an 
analysis to be presented in Section 2 of  this article, 
we will demonstrate that the publication output of  
our sample of  scientists covers, in most chemical  
subfields, a very large part of  the total output origi- 
nating from Dutch universities. Therefore, one may 
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conclude that this study covers adequately the publi- 
cation output in the field of academic chemical 
research in the Netherlands. 

There is an increasing interest in the assessment 
of important aspects of scientific activities, such as 
structure and developments of scientific fields, inter- 
action between science and technology, research per- 
formance of nations or research groups, and interna- 
tional scientific collaboration. Economic restraints 
lead to a sharpening of choices within fields of 
science and between fields. Politicians, policy mak- 
ers, and even scientists call for 'accountability' and 
'value for money', simply because funds for science 
have to be weighted against funds for other societal 
activities. Also within the sciences priorities have to 
be set. 

Traditionally, information on science was primar- 
ily supplied by the scientists themselves. This exper- 
tise of scientific peers is mainly related to the assess- 
ment of the cognitive state-of-the-art of particular 
fields or research specialities. It is primarily an 
assessment on the meso- or micro-level. Science 
policy and R&D management need assessments on a 
macro-level too, i.e. information of a broader scope. 
Here science and technology indicators come into 
the picture not as a replacement o f  peer  expertise, 
but rather as a support tool. 

During the past decades, science indicators have 
been applied in many policy-relevant studies (Gar- 
field, 1979; Martin and Irvine, 1983; Moed et al., 
1985; Van Raan, 1993). Science indicators are ag- 
gregate statistics derived from the scientific litera- 
ture. A principal assumption underlying the use of 
science indicators is that scientists publish their re- 
search findings in the publicly available literature. 
Therefore, one may obtain pictures of scientific ac- 
tivities from a quantitative (bibliometric) analysis of 
scientific texts. 

The Netherlands Foundation for Chemical Re- 
search (SON) is a subsidiary of the Netherlands 
research council NWO. The prime objective of the 
SON foundation is to stimulate advanced innovative 
fundamental and strategic chemical research at Dutch 
universities. SON's annual budget of some 28 mil- 
lion guilders amounts to 16% of the total of 175 
million guilders of annual government expenditure 
for academic chemistry research. According to SON 
data, university chemistry in the Netherlands in- 

cludes a workforce of 170 professors, 370 senior 
scientific staff, and 1200 graduate students and post- 
docs. SON supports about 150 research groups at 
Dutch universities, financing about 25% of the grad- 
uate students and post-docs and 40% of the research 
equipment. This support spans a broad scientific 
field, from chemical physics, physical and synthetic 
chemistry, chemical engineering, biochemistly into 
molecular biology and biotechnology. SON pursues 
a national coordinating role for university chemistry 
research in the Netherlands, both via its support of 
research programmes and facilities and via its work- 
ing communities for various subfields and interdisci- 
plinary discussion groups. Frequent 1- and 2-day 
meetings are organised where smaller groups of se- 
nior and junior academics and experts from industry 
discuss research problems, important developments, 
and progress. In addition, they promote cooperation. 

The foundation's principal task of recognising and 
selecting high quality research proposals has tradi- 
tionally been based on various forms of peer review; 
also for the future, this is foreseen as the principal 
approach. However, out of curiosity and also be- 
cause of the regularly appearing criticisms of peer 
review methods, the foundation decided to initiate a 
bibliometric study of the productivity and impact of 
the 283 research groups associated with the founda- 
tion. 

The objectives of the study were twofold: 
1. To conduct a thorough analysis of the publication 

and citation scores for all the groups that apply 
for funds as such data may be useful as additional 
support for funding decisions; 

2. To be prepared when influential sponsors 
(government departments, university boards) draw 
unwarranted conclusions from overly publicised 
ratings, often resulting from quick commercial 
studies. For instance, in 1992 in such a rating a 
chemical engineering department in the Nether- 
lands turned out to be number two in the world. 
However, if the definition of chemical engineer- 
ing had been chosen slightly differently, this de- 
partment would not have been in the top 25 
(Pendlebury, 1992, p. 8). 
The main issues addressed in this study are: 

1. What is the impact of chemical research in the 
working communities included in the study7 

2. Are there any significant differences in impact 
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among the various subfields of chemistry as re- 
flected in SON working communities (for in- 
stance, nucleic acids research, analytical chem- 
istry, or catalysis)? 

3. Are there significant differences in impact among 
universities at which the various scientists in the 
sample are appointed? 

4. What is the statistical relationship between the 
level of financial support by SON to working 
groups (particularly positions for Ph.D. students 
or 'post-doc' scientists) and the international im- 
pact of these working groups? 
The structure of this paper is as follows. In Sec- 

tion 2 we define the segment of Dutch chemistry 
which is covered in the study. We define accurately 
the sample of chemical scientists included, and com- 
pare their publication output to the output in various 
chemical subfields published by the total population 
of Dutch scientists. 

Section 3 gives a short overview of the data 
collection and the methodology applied in the study. 
Essentially, our indicators relate to three different 
aspects of research performance: publication output, 
impact, and scientific collaboration. The publication 
output is measured through the number of articles 
published in journals processed by the Institute for 
Scientific Information (ISI) for the Science Citation 

Index (SCI). The impact indicators are based upon 
the number of times articles by Dutch scientists are 
cited in other publications processed for the SCI. 

Indicators of international scientific collaboration 
are based upon an analysis of the geographic loca- 
tion of the authors of a paper, as reflected in the 
authors' addresses given in the heading of the paper. 

In Section 4 and Section 5, we present the main 
bibliometric outcomes at three levels of aggregation. 
The 'overall' results for the sample of chemists as a 
whole are given in Section 4. In Section 5 we present 
the outcomes at the level of SON working communi- 
ties (for instance, nucleic acids research, analytical 
chemistry or catalysis), and at the level of universi- 
ties. 

The position of the Foundation for Chemical Re- 
search is examined in Section 6. Finally, in Section 7 
we summarise the main outcomes of our study and 
discuss their policy implications. 

2. Segment of Dutch chemistry covered in the 
study 

2.1. Sample of chemists included in the study 

The administration of the Netherlands Foundation 
for Chemical Research (SON) has compiled data on 

Table 1 
Publication output in 1991 per category of the sample of SON chemists, compared with the total Netherlands output 

Category a No. SON No. SON Total NL Total NL S O N / N L  SON univ . /  
publ. b univ. publ. univ. publ. (%) NL univ . /  

publ. c publ. c publ. (%) 

Biochem. & mol. biol. 330 300 699 623 47 48 
Chem., physical 154 150 265 207 58 73 
Chem., organic 131 131 158 147 83 89 
Chem., general 130 127 215 178 60 71 
Chem., analytical 97 93 227 158 43 59 
Phys., at., mol., chem. 84 75 188 156 45 48 
Chem., inorg. & nucl. 82 81 93 88 88 92 
Microbiology 68 62 276 205 25 30 
Biophysics 63 60 119 I 11 53 54 
Polymer science 59 58 105 73 56 80 
Crystallography 52 52 95 79 55 66 
Chem. engineering 47 47 75 59 63 79 

a Based upon a classification of scientific journals developed by ISI. 
b Number of  articles published in 1991 in the SCI with a Netherlands address by senior scientists with tenured positions at Dutch institutions 
(mainly universities) at May, 1992, and who participated in 283 working groups in 17 SON 'working communities'.  
c Here we counted the number of  articles authored by scientists who indicate at least one university department in their addresses. 
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the names and affiliations of all senior scientists 
participating in SON working groups, who were 
active in May, 1992. Since these data are used by 
SON in the daily practice of running the foundation, 
they are highly reliable. Senior scientists were de- 
fined as scientists with a tenured position in one of 
the institutions involved. Senior scientists (for exam- 
ple, university professors) who have been active in 
the period 1980-1991 but who retired before May, 
1992, were not included in the study. 

Our set does not contain all senior chemical 
scientists who were active in 1992 in the Nether- 
lands, but only those who participated in SON work- 
ing groups. The overwhelming majority of these 
scientists are from Dutch universities. In fact, the 
sample includes almost all senior chemists with ap- 
pointments at Dutch universities in May, 1992. Our 
sample will be labelled as 'SON chemists' through- 
out this report. 

The 656 chemists participate in 283 SON working 
groups. A working group normally consists of one or 
two group leaders, senior scientists, and a number of 
junior scientists who work for their Ph.D. and who 
are supervised by a group leader or one of the other 
senior scientists. A working group will be referred to 
as a group throughout this paper. These working 
groups are aggregated in 17 SON working communi- 
ties, covering various subfields in chemical research. 
The SON chemists are active in 14 institutions: 11 
universities and three research institutes, 2 with more 
than 90% working at the universities. 

2 The working communities are: analytical chemistry, bio-en- 
ergetics, bio-organic chemistry, catalysis, coordination chemistry 
and homogeneous catalysis, physical-organic chemistry, lipids 
and bio-membranes, liquids and interfaces, macromolecules, 
molecular genetics, molecular spectroscopy nucleic acids, or- 
ganic synthesis, process technology, protein research, quantum- 
theoretical chemistry, solid state chemistry and materials science. 
The universities involved are (in alphabetical order of their abbre- 
viations): The Erasmus University at Rotterdam (EUR); The 
Catholic University at Nijmegen (KUN); The Agricultural Univer- 
sity at Wageningen (LUW); The University of Gronigen (RUG); 
The University of Leiden (RUL); The University of Utrecht 
(RUU); The Delft University of Technology (TUD); The Eind- 
hoven University of Technology (TUE); The University of Twente 
(LIT); The University of Amsterdam (UVA); and The Free Uni- 
versity at Amsterdam (VUA). 
The research institutes involved are the following: The FOM 
Institute for Atomic and Molecular Physics in Amsterdam 
(AMOLF); The Netherlands Cancer Institute in Amsterdam (NKI); 
and The Netherlands Organisation for Applied Research (TNO). 

It should be noted that scientists may move from 
one institution to another. In this study, however, we 
link scientists to institutions on the basis of their 
affiliations in May, 1992. 

2.2. Publication output of the sample of chemists 
compared with the total output in chemical research 
in the Netherlands 

In this section we analyse the publication output 
of the chemists in our sample and compare their 
output to the total Dutch publication output in chem- 
ical research. The publication output is defined as the 
number of articles with a 'Netherlands' address pub- 
lished in journals processed for the Science Citation 
Index (SCI). As article types we have included nor- 
mal articles, letters, notes, reviews, and proceedings 
papers since these types are usually considered as 
fully fledged research articles. We use a classifica- 
tion of scientific journals into 'journal categories' 
developed by the ISI. In fact, the ISI has assigned 
each journal processed to one or more categories 
which correspond roughly to scientific subfields. This 
classification based on journal categories is designed 
to facilitate literature searchers, and does not coin- 
cide with the groupings of scientists into working 
communities. Below, we count the number of Dutch 
articles per category. If a journal is assigned to two 
categories rather than one, we apply a so-called 
fractional counting scheme. A paper in such a jour- 
nal will be assigned half to each category. For more 
details related to the publication database that we 
utilised and to the ISI categories, refer to Section 3. 

The first column in Table 1 gives the name of the 
journal categories. We included the 12 categories in 
which the SON chemists have the highest publica- 
tion output in 1991. The total number of papers by 
the SON chemists in these 12 categories constitutes 
about 70% of the total output of the SON chemists in 
1991. The second colunm in Table 1 presents the 
numbers of articles published in the year 1991 in 
each category by the scientists in our sample. The 
category biochemistry and molecular biology ranks 
first with 330 papers published in 1991. The cate- 
gory chemistry general contains general journals 
such as the Journal of the American Chemical Soci- 
ety and Receuil des Traveaux Chimiques des Pays- 
Bas. 

The third column in Table 1 gives the number of 
papers authored by SON chemists and containing at 
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least one address indicating a university department 
or group. It should be noted that if a paper is the 
result of a collaboration between a university scien- 
tist and an author from a company or another type of 
organisation (so that it contains both a university and 
a non-university address) such a paper is considered 
in this table as a university paper. 

The total number of Dutch publications in 1991 is 
presented in the fourth column of Table 1. In the 
fifth column we give the number of Dutch publica- 
tions originating from universities. The sixth column 
shows the percentage of all SON papers compared 
with the total Dutch output (both from universities 
and other research organisations). Finally, the last 
column in this table gives the relative contribution of 
our SON university chemists to the total Dutch 
university output in each category. 

Table 1 indicates that even in industrially highly 
important fields such as polymer science and chemi- 
cal engineering the major part of the international 
publications originates from universities and in par- 
ticular from SON groups. This illustrates the role of 
university/SON research as an important window 
for Dutch industries on international scientific devel- 
opments. 

Roughly speaking, in the typical chemical cate- 
gories (organic and inorganic & nuclear chemistry; 
polymer science; and chemical engineering) the SON 
university output constitutes about 80 to 90% of the 
total Dutch university output. An exception is the 
category analytical chemistry, in which only 59% of 
all Dutch university papers is (co)authored by the 
university scientists in our sample. In categories with 
strong connections to other disciplines (biophysics; 
biochemistry and molecular biology; atomic, molec- 
ular & chemical physics; and microbiology) this 
percentage is around 50 or lower. Physical chemistry 
(66%) and crystallography (59%) have relatively 
strong links to other disciplines as well (particularly 
physics). 

For the categories showing strong links with other 
disciplines it is not surprising that the percentages of 
university papers in our SON sample relative to the 
total Dutch university output is rather low. Many 
scientists who are active in these categories may not 
view themselves primarily as chemists, and conse- 
quently, will not participate in any working commu- 
nity of the Netherlands Foundation for Chemical 
Research (SON), or apply for financial support from 
this Foundation. 

With respect to most of the typical chemical 
categories we found percentages of university papers 
in our sample of 80 to 90. One should take into 
account that, similar to our comments related to 
categories showing strong links with other disci- 
plines, several papers written in these categories by 
university scientists but not included in our SON 
sample may be written by authors who do not view 
themselves primarily as chemists, and for whom the 
work described in these papers constitutes a 'side 
line' rather than a 'main line' of research. In addi- 
tion, senior scientists who retired before May, 1992, 
are not included, although they may still have been 
active in 1991 or 1990. If these scientists have 
published in 1991 articles not co-authored by any of 
the scientists included in our sample, their articles 
will not play a role in our study. This will particu- 
larly be so for articles authored only by such a 
'retiring' scientist and one or more Ph.D. students, 

3 but not by any other senior scientist in the group. 

3 In order to give at least a rough estimate of  the number of  
articles missed through the 'retirement phenomenon' described 
above we adopt the following line of  reasoning. We assume that a 
scientist retiring in a specific year will remain active as an author 
only during the first 2 years after his retirement. Consequently, 
only scientists who retired in the years 1989, 1990, or 1991 may 
have published articles in 1991. Next, we assume that the overall 
percentage of scientists retiring in a specific year is about 3% of 
the total population active in that year. If we assume that retiring 
scientists publish on average as many papers as any other scientist 
in our sample, the total number of  articles published in 1991 by 
scientists retiring during 1989-1991 may constitute some 9% of 
the total output in 1991 as reflected in our data. We conclude that 
the 'retirement phenomenon' may at least account for a large part 
of  the discrepancies of  10 to 20% between SON and total univer- 
sity output in the chemical, specialiscd categories mentioned 
above. 
A second factor to be considered is that articles authored only by 
scientists who never had tenured positions at a university are not 
included either (for instance, papers authored only by Ph.D. 
students but not by any permanent staff member). However, 
according to our experiences in other bibliometric studies in the 
field of  chemistry, it is 'common practice' in a chemical research 
group that the vast majority of  articles published by Ph.D. stu- 
dents or other temporary staff members are co-authored by senior 
scientists (particularly supervisors with tenured positions), and 
therefore will be included in our study. 
It should be noted that the figures in Table 1 relate to the year 
1991, which is actually the most recent year in our bibliometric 
analysis. Since scientists who retired before the month May, 1992, 
are not included in our study, it is to be expected that these 
percentages will decline as one goes back into the past. In fact, 
this phenomenon constitutes an important reason to focus in the 
bibliometric study on the more recent period 1986-1991 rather 
than on the total time period 1980-1991. 
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3. Data collection and methodology 

3.1. Data collection 

In this study we have utilised a large bibliometric 
database of scientific publications by Dutch scien- 
tists. This database contains all scientific articles, 
published during the period 1980-1991 in journals 
processed by the Institute for Scientific Information 
(ISI) for the Science Citation Index (SCI), the Social 
Science Citation Index (SSCI), and the Arts & Hu- 
manities Citation Index (A&HCI),  and containing at 
least one corporate address from the Netherlands. 
Moreover, it contains information on all scientific 
publications which have cited any of these Nether- 
lands articles during the period 1980-1991. The 
database includes also citation data on all journals 
processed for the SCI, SSCI, or A&HCI.  A detailed 
description of this database is given in Moed et al. 
(1995). 

For each scientist in our set we generated lists of 
publications extracted from our Netherlands publica- 
tion database. These lists were sent to the scientists 
involved in order to check their completeness and 
correctness (verification round). About 90% of all 
scientists responded to our request to check their 
publication lists. All additions and corrections indi- 
cated by these scientists were entered in our database. 

As a result, we obtained reliable publication data for 
at least 90% of all authors in our set. 

3.2. Output and impact indicators 

We calculated the following 11 indicators. These 
are listed in Table 2. For a detailed description refer 
to Moed et al. (1995). The first statistic gives the 
total number of papers published by a working group 
during the entire period (P).  We considered only 
normal articles, letters, notes, reviews, and pro- 
ceedings papers. Meeting abstracts, corrections, and 
editorials are not included, since these types are not 
considered as full research articles. In a few cases a 
paper is published in a journal for which no citation 
data are available, or that is not assigned to an ISI 
journal category. These papers are not considered in 
the calculation of the indicators presented in this 
table. The next two columns give the total number of 
citations received (C), and the average number of 
citations per publications (CPP). In these figures 
self-citations are included. We applied a variable 
citation window. For instance, with respect to arti- 
cles published in 1980, we counted citations received 
during the period 1980-1991, while for articles from 
1990, citations were counted during 1990-1991. 

A self-citation to a paper is a citation given in a 
publication of which at least one author (either first 

Table 2 
Indicators of scientific collaboration during the time period 1986-1991 

Type of collaboration P(%) C CPP CPPex %Pnc CPP/ CPP/ JCSm/ %SELFCIT 
JCSm FCSm FCSm 

No collaboration 5275 (53%) 32499 6.2 4.2 25.8 1.08 1.27 1.17 31.5 
Collaboration within the Netherlands 2588 (26%) 16680 6.5 4.3 26.0 1.12 1.37 1.22 34.1 
International collaboration 2180 (22%) 19672 9.0 6.0 23.0 1.28 1.71 1.33 33. l 

P,  the number of articles published. 
C, the number of  citations received. 
CPP, the average number of citations per article. 
CPPex, the average number of citations per article, self-citations not included. 
%Pnc, the percentage of articles not cited during the time period considered. 
CPP/JCSm, the average number of  citations per article, divided by the mean citation rate of  all papers in the journals in which the articles 
are published. 
CPP/FCSm, the average number of  citations received, divided by the world citation average in the subfields (journal categories) in which 
the scientists are active. 
JCSm/FCSm, the mean citation rate of all papers in the journals in which the scientists have published, divided by the world citation 
average in the subfields (journal categories) in which the scientists are active. 
%SELFCIT, the percentage of self-citations. 
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author or co-author) is also an author of the cited 
paper (either first author or co-author). The fourth 
indicator is the average number of citations per 
publication calculated while self-citations are not 
included (CPPex). The percentage of self-citations 
(relative to the total number of citations received) is 
presented in the last column of Table 2. 

The next indicator is the percentage of articles not 
cited during the time period considered (%Pnc) when 
self-citations are included. The sixth indicator gives 
the mean citation rate of the journals in which the 
group has published (JCSm, the mean journal cita- 
tion score), taking into account both the type of 
paper (e.g. normal article, review, and so on), as well 
as the specific years in which the group's papers 
were published. To give an example, the number of 
citations received during the period 1985-1991 by a 
letter published by a group in 1985 in journal X is 
compared with the average number of citations re- 
ceived during the same period (1985-1991) by all 
letters published in the same journal (X)  in the same 
year (1985). Generally, a group publishes its papers 
in several journals rather than one. Therefore, we 
calculated a weighted average JCS indicated as 
JSCm, with the weights determined by the number of 
papers published in each journal. 

The seventh indicator is the mean citation rate of 
the subfields (journals categories) in which a work- 
ing group is active (FCSm, the mean field citation 
score). Our definition of subfields is based on a 
classification of scientific journals into categories 
developed by the ISI. Although this classification is 
far from perfect, it is at present the only classifica- 
tion available to us. Table 1 shows the most impor- 
tant journal categories of the articles in our SON set. 
In calculating FCSm, we used the same procedures 
as the one we applied in the calculation of JCSm, 
with journals replaced by subfields. In most cases, a 
group is active in more than one subfield (i.e. journal 
category). In those cases, we calculate a weighed 
average value, the weights being determined by the 
total number of papers the group has published in 
each subfield. 

The next indicators compare the average number 
of citations to a group's oeuvre (CPP) to the corre- 
sponding journal and field mean citation scores 
(JCSm and FCSm, respectively), by calculating the 
ratio for both. If the ratio CPP/FCSm is above 1.0, 

this means that the group's oeuvre is cited more 
frequently than an 'average' publication in the sub- 
field(s) in which the group is active. FCSm consti- 
tutes a worm average in a specific (combination of) 
subfield(s). In this way, one may obtain an indica- 
tion of the international position of a research group, 
in terms of its impact compared with a 'worM' 
average. This 'world' average is calculated for the 
total population of articles published in ISI journals 
assigned to a particular subfield or journal category. 
As a general rule, about 80% of these papers are 
authored by scientists from the United States, Canada, 
Western Europe, and Japan. Therefore, this 'world' 
average is dominated by the Western world. If the 
ratio CPP/JCSm is above 1.0, the mean impact of a 
group's papers exceeds the mean impact of all arti- 
cles published in the journals in which the particular 
group has published its papers (the group's journal 
packet). Finally, if JCSm/FCSm is above 1.0, the 
mean citation score of the journal packet in which 
the group has published exceeds the mean citation 
score of all papers published in the subfield(s) to 
which the journals belong. In this case, one can 
conclude that the group publishes in journals with a 
high impact. It should be noted that the three last 
mentioned indicators are dependent upon each other. 
The value of each one of these follows directly from 
the values of the other two indicators. 

3.3. Indicators of scientific collaboration 

The indicators of scientific collaboration are based 
on an analysis of all addresses in papers published 
by a group. We identified first all papers authored by 
scientists from one group only. To these papers we 
assigned the collaboration type 'no collaboration'. 
With respect to the remaining papers we established 
(on the basis of the addresses) whether authors par- 
ticipated from other groups within the Netherlands 
collaboration (within the Netherlands), and finally 
whether scientists are involved from other groups 
outside the Netherlands (collaboration type interna- 
tional). If a paper by a group is the result of a 
collaboration with both another Dutch group and a 
group outside the Netherlands, it is marked with 
collaboration type international. 

The purpose of this indicator is to show how 
frequently a group has co-published papers with 
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other groups, and how the impact of papers resulting 
from national or international collaboration compares 
with the impact of publications authored by scientists 
from one research group only. 

3.4. Coverage of the Science Citation Index 

As mentioned in Section 3.1 we conducted a 
'verification round' in which the scientists involved 
were requested to check lists of publications ex- 
tracted from our Netherlands publication database 
containing ISI publications only. In addition, we 
conducted a survey in which the scientists could give 
an estimate of the number of publications published 
in other sources: international journals not covered 
by the ISI databases, national journals, proceedings 
of international conferences, books (thematic collec- 
tions of papers or monographs), research reports, and 
patents. 

On the basis of the estimates provided by the 
scientists themselves we calculated for the time pe- 
riod 1988-1991 the following indicators. First, we 
calculated the share of the SCI-publications ( P )  in 
the total number of journals articles (Pjtot): the 
indicator P/Pjtot (%). Additionally, we calculated 
the percentage of journal articles (Pjtot) in relation 
to the total number of submitted publications: the 
indicator Pjtot / Ptot (%). 

4. Overall results 

4.1. Publication output and impact 

Table 3 gives the results with respect to the 
indicators presented in Section 3.2. These indicators 
are calculated for two time periods: the total period 
1980-1991, and the more recent period 1986-1991. 

The total number of articles in our database, 
published by SON chemists during the time period 
1980-1991 amounts to 17080. The total number of 
citations to the papers during the same time period 
amounts to 207 841. The average number of citations 
per article (CPP) is 12.2. 

A first indication of the impact of the articles 
published by SON chemists can be obtained by 
comparing the average citation rate of their papers 
(CPP) to the average citation rate of all articles in 
the journals in which SON chemists have published 
(JCSm), or to the world citation average in the 
subfields in which SON chemists are active (FCSm). 

These results indicate that the papers by the SON 
chemists have a high impact compared with the 
average impact of all papers in the journals in which 
they have published (CPP/JCSm= 1.16 during 
1980-1991, and 1.14 for the time period 1986- 
1991), and an even higher impact compared with the 
world citation average in the subfields in which they 

Table 3 
Indicators of publication output and impact 

Indicator Symbol Period 

1980-1991 1986-1991 

No. publications in SCI 
Total no. citations received 
Citations per publication 
Citations per publication, 
self-citations not included 
% Publications not cited 
Mean citation rate journal packet 
Mean citation rate subfield(s) 
Citations per publication, compared 
with citation rate of journal packet 
Citations per publication, compared 
with citation rates of subfield(s) 
Citation rate journal packet, compared 
with citation rate of subfield(s) 
Percentage self-citations 

P 
C 
CPP 
CPPex 

17080 10043 
207841 68851 

12,2 6.9 
8,7 4.6 

CPP / FCSm 1.44 1.40 

JCSm / FCSm 1.24 1.22 

% SELFCIT 28.7 32.6 

%Pnc 16,6 25.3 
JCSm 10.5 6.0 
FCSm 8,4 4.9 
CPP/JCSm 1.16 1.14 
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Fig. 1. Trends in the numbers of  publications and short-term 
citations for all SON chemists aggregated. Self citations not 
included. Solid line, publications; dashed line, short term citations. 
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Fig. 2. Trends in the average short-term impact and journal impact 
of all articles by the SON chemists. Self citations included. Solid 
line, citations per publication group oeuvre; dashed line, citations 
per publication journal packet. 

are active (CPP/FCSm= 1.44 during 1980-1991 
and 1.40 during 1986-1991). According to a statisti- 
cal test developed by Gl~inzel, 4 the difference be- 
tween the citation-per-publication ratio (CPP) of our 
SON chemists and the world- or journal-packet cita- 
tion average (JCSm or FCSm) is significant at a 
confidence level of 95%. Moreover the SON chemists 
publish in scientific journals with a relatively high 
impact (JCSm/FCSm = 1.24 during 1980-1991 and 
1.22 during 1986-1991). 

The next analysis is a trend analysis presented in 
Figs. 1 and 2. Fig. 1 shows that the annual number 
of articles published ( P )  increases steadily during 
the period, from 960 papers in 1980 to 1916 in 1991. 
The number of citations received during the first 3 
years after publication date (Cex) increases as well, 

4 In this study we applied a statistical test developed by W. 
GlSnzel in order to establish whether the average impact of  a 
group's publication oeuvre (CPP) differs significantly from the 
average impact of all papers in the group's journal packet (JCSm) 
or from the world citation average (FCSm) in the subfield(s) in 
which the group is active. For further details concerning the 
comparison of citation averages and the construction of expected 
mean citation rates refer to Schubert and G15nzel (1983) and to 
GlSnzel (1992). 

from 5777 citations to papers published in 1980, to 
10151 citations to papers from 1989 (self-citations 
not included). Since citations are counted during the 
first 3 years after publication date (the publication 
year included), and since the last year covered by our 
database is 1991, the publication year 1989 is the 
most recent year for which the 3-year citation win- 
dow can be applied. The publication output of our 
sample of SON chemists increases by a factor of 
two. In order to give an adequate interpretation of 
this result, one should keep in mind that several 
scientists in our sample were junior scientists during 
the beginning of the time period, and became senior 
researchers or even group leaders in later years, 
while senior scientists or group leaders who retired 
before May, 1992, are not included in the sample. 
Consequently, the publication output of scientists 
who started their career during the period 1980-1991 
is included in the trend figures, while the output of 
those who ended their careers during this period is 
not. 

Fig. 2 shows the trend in the average number of 
citations per publication (CPP) published by SON 
chemists, compared with the average citation rate of 
all articles in the journals in which they have pub- 
lished (JCSm). The curve for CPP (solid line) is 
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Fig. 3. Impact compared with world citation average per working 
group (time period 1986-1991). Black coloured squares above 
(below) the horizonal reference line represent groups for which 
the impact (CPP) is significantly above (below) world average 
(FCSm). 

above that for JCSm (dashed line), reflecting the 
overall high impact of the papers by SON chemists. 
This outcome is consistent with the results presented 
in Table 3. Focusing on the ratio CPP/JCSm, there 
seems to be a slight decrease of this ratio during the 
time period considered. However, this decrease seems 
to be mainly due to an increase in the value of 
JCSm. This indicates that the impact of the journals 
in which SON chemists publish increases slightly 
over time. 

In a third analysis, Fig. 3 shows the number of 
papers published during 1986-1991 (horizontal axis) 
plotted against the relative impact measure in which 
the average citation rate of papers published by a 
group is compared with the world average citation 
rate in the subfield(s) in which this group is active 
(CPP/FCSm). Groups (represented by circles or 
squares) located on the horizontal reference line 
(CPP/FCSm = 1.0) have an impact which is equal 
to the world citation average in the subfield(s) in 
which they are active. Circles or squares above this 
reference line represent working groups with an im- 

pact above world average. The world average cita- 
tion rate is constructed in such a way that, for 
instance, the average citation rate of a working group 
active in biochemistry is compared with the world 
citation average in biochemistry, and the citation rate 
of a working group in analytical chemistry is com- 
pared with the world citation average in analytical 
chemistry. We applied the statistical test developed 
by G15_nzel. Black coloured squares positioned above 
the reference line indicate groups for which the 
average impact (CPP) is significantly higher than 
the world citation average in the subfields in which 
the group is active (FCSm). Black coloured squares 
below the reference line indicate groups with a aver- 
age impact which is significantly lower than the 
world citation average. The confidence level applied 
is 95%. Open circles represent groups for which 
CPP/FCSm is not significantly different from 1.0. 

Fig. 3 shows first of all that the number of groups 
with an impact above world average by far exceeds 
the number of groups below world average. This 
confirms the general impression based upon the anal- 
yses presented above that the publication oeuvres of 
the SON chemists involved in the study generally 
have a high impact. A second interesting feature of 
Fig. 3 is that the groups with the highest number of 
papers generally have a high impact. Since the num- 
ber of papers published by a group depends, at least 
partly, upon the size of the group, which in turn 
depends upon the degree of success in obtaining 
funds for research by the group leaders, Fig. 3 
provides a first indication that the working groups 
being most successful in obtaining funds have a high 
impact at the international research front. A detailed 
analysis of the statistical relationship between impact 
of groups and the level of support from SON to these 
groups will be presented in Section 6. 

4.2. International collaboration 

Table 2 presents the results of the analysis of 
international collaboration. The table shows that 53% 
of all articles in our sample were published by 
authors who indicate only one institutional address in 
the heading of their articles. The authors of these 
papers are from the same research group, and there- 
fore, no collaboration was involved with other re- 
search groups. Twenty-six percent of the articles 
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originate from a collaboration between two or more 
groups located in the Netherlands. Finally, 22% of 
the papers is the result of a collaboration between 
Dutch groups and one or more groups from abroad 
(international collaboration). 

It is interesting to analyse the impact of the 
articles as a function of the type of collaboration. 
All three 'relative' impact indicators (both the aver- 
age impact of  the papers compared with the impact 
of the journal packet (CPP/JCSm) or with the world 
citation average in the subfields to which the articles 
are assigned (CPP/FCSm) as well as the impact of 
the journal packet compared with the world citation 
average (JCSm/FCSm)) show the same pattern. 
They obtain the highest values for papers resulting 
from international collaboration, and the lowest for 
articles from which no collaboration is apparent in 
the addresses given in their headings. This pattern 
has been observed in several other bibliometric stud- 
ies (see for instance Narin and Withlow, 1990). 

Focusing on the impact compared with the world 
citation average (CPP/FCSm), and taking the over- 
all value of 1.4 presented for all Dutch chemistry 
articles in Section 4.1 as a 'national' reference level, 
we observe that the impact of articles with no collab- 
oration involved is below this level (CPP/FCSm = 
1.27). Articles resulting from national collaboration 
have an impact which is very near to this level 
(CPP/FCSm = 1.37), while the impact of papers 
co-published with foreign groups is considerably 
higher (CPP/FCSm = 1.71). 

Our findings are consistent with the general con- 
clusion reached in Section 4.1 according to which 
the citation analysis indicates a strong international 
position of Dutch academic chemistry. Science be- 
comes more and more a multi-national enterprise. 
Dutch academic chemists play an important role in 
international scientific networks and gain a substan- 
tial part of their impact from their activities in these 
networks. 

In order to obtain a more detailed picture of 
international collaboration, we calculated for each 
individual working group the numbers of articles 
published during the period 1986-1991 in collabora- 
tion with groups outside the Netherlands. We found 
that 88% of the groups have published at least one 
paper with foreign groups and 48% at least nine such 
papers. We conclude that a considerable number of 

Table 4 
Publications subdivided by type of publication a 

Publications types % Publications 

Publications in ISI /SON database ( P )  70 
ISI publications not in ISI /SON database 4 
Publications in non-ISI international journals 2 
Publications in national journals (non-lSI) 1 
Publications in proceedings 8 
Publications in books 3 
Research reports 8 
Patents 1 
Other types of publications 3 
All types 100 

a Results are based on a survey among all scientists in our sample 
with a response rate of 66%. Data relate to the time period 
1988-1991. 

working groups participates in international collabo- 
rations, as reflected in the addresses in the headings 
of  their articles. 

4.3. The coverage of the Science Citation Index 

As outlined in Section 3.4, we conducted a survey 
among the scientists in our sample in which we 
asked them to give an estimate of the numbers of 
publications published in sources other than scien- 
tific journals covered by the ISI. Four-hundred and 
thirty-four chemists responded to our request. In fact, 
the response rate of our survey was 66%. Table 4 
presents an quantitative analysis of the responses. 

We found that the publications in our ISI publica- 
tion database on SON chemists constitute 70% of the 
total publication output, including all types of publi- 
cations. Four percent of the total output consisted of 
articles published in journals processed (at least dur- 
ing some years) for the ISI database, but not in- 
cluded in our publication database on SON chemists. 

Table 5 
Indicators on journal coverage a 

% 

ISI/SON publications relative to 91 
total number of publications in journals (P/Pjtot)  
Publications in journals relative to the 77 
total number of publications (all types, Pjtot/Ptot) 

a Results are based on a survey among all scientists in our sample 
with a response rate of 66%. Data relate to time period 1988-1991. 
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Table 6 
Bibliometric indicators per working community for the time period 1986-1991 

Working community P C CPP CPPex %Pnc C P P /  C P P /  J C S m /  %SELFCIT 
JCSm a FCSm a FCSm 

Analytical chemistry 647 2827 4.4 2.9 25.7 1.17 * 1.45 * 1.24 34.8 
Bio-energetics 599 4797 8.0 5.1 19.0 1.08 1.05 0.97 36.6 
Bio-organic chemistry I 124 8757 7.8 5.1 21.8 1.22 * 1.46 * 1.20 34.5 
Catalysis 633 2614 4.1 2.6 30.0 1.06 1.28 * 1.21 28.1 
Coordination chem. & homogeneous catalysis 837 4012 4.8 2.7 23.7 1.10 * 1.51 * 1.38 44.4 
Lipids and biomembranes 991 8805 8.9 5.9 21.1 1.20 * 1.22 * 1.02 34.2 
Liquids and interfaces 585 3219 5.5 3.7 24.8 1.23 * 1.55 * 1.26 32.1 
Macromolecules 723 3252 4.5 2.7 28.5 1.29 * 1.41 ° 1.09 40.9 
Molecular spectroscopy 427 2675 6.3 4.4 24.4 1.00 1.15 1.15 30.1 
Molecular genetics 513 5384 10.5 7.3 17.2 1.07 1.55 * 1.46 30.7 
Nucleic acids 1262 16587 13.1 10.4 20.3 1.12 " 1.73 * 1.54 21.2 
Organic synthesis 912 3823 4.2 2.2 26.2 0.99 1.31 * 1.33 47.7 
Physical-organic chemistry 1123 6161 5.5 3.2 26.4 1.11 * 1.40 * 1.27 42.7 
Protein research 1046 10614 10.2 7.1 19.5 1.15 * 1.31 * 1.14 30.4 
Process technology 526 1679 3.2 2.0 35.2 1.28 ° 1.21 * 0.95 37.6 
Quantum theoretical chem. 293 1761 6.0 3.4 24.9 1.17 * 1.49 * 1.27 42.9 
Solid state chem. & material science 1098 5722 5.2 3.2 31.3 1.43 * 1.68 * 1.17 39.3 

a An asterix indicates that the ratio is significantly above 1.0 at a confidence level of 95%. 

This set of articles can be subdivided into the follow- 
ing subsets. 
1. Articles published in ISI journals which do not 

contain a corporate address from the Netherlands. 
2. Articles published in journals that were not pro- 

cessed by the ISI in all years. For instance, a new 
journal will be included by the ISI after 2 or 3 
years. Thus, the articles published during these 
first years in this journal are not in our database. 

3. Articles published in ISI journals with a Nether- 
lands address that we could not find in our 
database, due to 'unexpected' differences in 
spelling of author names, volume numbers, or 
starting page numbers. 
Articles published in journals not processed by 

the ISI but nevertheless indicated by the scientists 
themselves as 'international' constitute 2% of the 
total output, and articles in national journals 1%. 
For publications in proceedings of international con- 
ferences, books (both thematic collections of papers 
and monographs), research reports, and patents, the 
percentages are 8, 3, 8, and 1, respectively. Finally, 
other types of publications contain 3% of the total 
output. 

In Table 5 we calculated two relevant indicators 
based upon the data presented in Table 4. The first 
measures the percentage of articles in our ISI /SON 

file, and actually included in our analyses, relative to 
the total number of articles in scientific journals. 
This percentage amounts to 91%, which is rather 
high. It indicates that our publication file covers the 
total journal output by the SON chemists very well. 
The second indicator measures the relative impor- 
tance of journals as communication media for the 
chemists in our sample. In fact, the percentage of 
journal papers (relative to the total output) amounts 
to 77%. We conclude that journals are by far the 
most important written communication media for 
SON chemists, and that our ISI/Nethedands database 
covers their journal output adequately. 

5. Results at the level o f  SON working communi-  
ties and universities 

The results per working community are presented 
in Table 6, and relate to the time period 1986-1991.5 

5 It should be noted 'double countings' do occur in this part of 
the analysis. If a chemist is active in two working groups rather 
than one, all h is /her  papers are assigned to each of the two 
working groups. In addition, if these working groups are included 
in different working communities, these papers are included in the 
statistics of both working communities. The number of scientists 
participating in more than one working community is about 10%. 
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This means that we counted citations, received dur- 
ing the period 1986-1991 by all articles published 
during the same time period. The working communi- 
ties are listed in alphabetical order. 

The indicator CPP/JCSm compares the average 
impact of papers published by a working community 
(CPP) to the average impact of all articles published 
in the journals in which the community has pub- 
lished (its journal packet). Table 6 shows that 11 
working communities have a ratio which is signifi- 
cantly higher than 1. This means that their average 
impact is significantly higher than the average im- 
pact of all papers in its journal packet. The excep- 
tions are bio-energetics, catalysis, molecular genet- 
ics, molecular spectroscopy, organic synthesis, and 
quantum theoretical chemistry. But for most of these 
communities the ratio CPP/JCSm is above 1. 

A limitation of the indicator CPP/JCSm is that it 
does not take into account the level of the journal 
packet. Some groups may publish in high impact 
journals, and others in average or low impact jour- 
nals. In both cases the citation rate of their papers are 
compared with a standard defined by the journal 
packets in which they have published. In order to 
overcome this limitation, we calculated the indicator 
CPP/FCSm, in which we compare the average im- 
pact of a group's articles to the world citation aver- 
age in the subfields (defined through journal cate- 
gories) in which the group is active. 

Table 6 indicates that almost all working commu- 
nities but two have an impact per article which is 
significantly higher than the world citation average 
in their subfields. The only exceptions are bio-en- 
ergetics and molecular spectroscopy, but even for 
these two the ratio CPP/FCSm is above 1.0. Conse- 
quently, if one adopts the world citation average as a 
standard, there are no 'weak '  chemical working 
communities in the Netherlands. The overall strong 
position of Dutch academic chemistry (in terms of 
impact compared with a world average), observed in 
Section 4, appears to be maintained in almost all 
chemical subdisciplines and is reflected in SON 
working communities. 

Focusing on JCSm/FCSm, Table 6 shows that 
the observation in Section 4 that the SON chemists 
in our sample publish in journals with a high impact 
is also valid for almost each working community 
separately. 

With respect to universities, we obtained the fol- 
lowing results. 6 Focusing on the average impact 
compared with the impact of the journal packet 
(CPP/JCSm), four universities have on average an 
impact which is significantly higher than the impact 
of their journal packets. However, none of the uni- 
versities shows a ratio CPP/JCSm below 1.0. 

Considering the average impact compared with 
the citation average in the subfields in which each 
university is active (CCP/FCSm), we observe that 
all universities except two have an impact which is 
significantly higher than the subfield average. But 
even for these two this ratio is above 1.0. 

Regarding the impact of the journals in which the 
scientists from the various universities have pub- 
lished, we notice that this journal impact is above the 
world citation average for all universities. Therefore, 
we conclude that the conclusion drawn in Section 4 
that the SON chemists in our sample publish in 
journals with a high impact is valid for almost each 
individual university as well. 

6.  T h e  p o s i t i o n  o f  th e  N e t h e r l a n d s  F o u n d a t i o n  fo r  

C h e m i c a l  R e s e a r c h  ( S O N )  

In this section we analyse the statistical relation- 
ship between the level of financial support by SON 
to working groups (particularly the allocation of 
research positions for Ph.D. students or post-doc 
scientists) and the international impact of these 
groups as reflected in citations. 

In this part of the study, results will be presented 
that can be useful as tools in an assessment of the 
allocation policy of SON during the second half of 
the 1980s. It should be emphasised, however, that 
our method gives only a partial view on the SON 
allocation policy. It takes into account two aspects 
only - although certainly not the most uninteresting 

6 We emphasise that articles are assigned to universities on the 
basis of the institutional affiliations of their authors in May, 1992. 
If a scientist moves in 1991 from university A to university B, his 
or her total publication output is assigned to university B, even if 
a large part related to research conducted at (and financed by) 
university A. A more detailed comparison among universities, 
taking into account this migration phenomenongoes beyond the 
scope of this study. 
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ones: numbers  o f  posi t ions al located by S O N  on the 

one hand,  and impact  as measured  through citations, 

compared  with a wor ld  citation average,  on the 

other. 

The  general  ques t ion posed in this section is 

whether  there are any indications that S O N  has 

supported,  general ly ,  research groups with a high 

impact  more  strongly than groups with a low impact ,  

or  whether  the groups supported most  strongly by 

S O N  have  on average  a h igher  impact  than those 

groups rece iv ing  less support.  

On  the basis o f  data provided  by SON,  we calcu- 

lated for each group the average number  o f  posi t ions 

obtained f rom S O N  per  year  during the t ime per iod 

1986-1990 .  The  number  o f  working  groups invo lved  

in this analysis  amounts  to 180. 7 The  m i n i m u m  

value  o f  the average  number  o f  posit ions per  year  in 

our  sample  is 0, the m a x i m u m  value amounts  to 7. 

W e  subdiv ided  all groups into f ive  classes accord-  

ing to the number  o f  S O N  posit ions obtained,  dis- 

tributing the groups as even ly  as possible among  the 

classes. The  results of  this operat ion are presented in 

Table  7. 

7 Three methodological issues should be clarified. The first is 
that university professors may be active in two (or even more) 
working communities rather than one. Formally, such a person 
will be the leader of two working groups, one in each working 
community. He or she may obtain positions for Ph.D. students 
from both SON working communities (Ph.D. positions are always 
allocated by SON to a working group leader). On the other hand, 
the two working groups contain in many cases the same, or almost 
the same, scientists. In this case we considered the two working 
groups as one single group, aggregating both the SON positions 
obtained, and the articles published and citations received. 
A second methodological point is that several working groups 
were established only at the end of the time period 1986-1990, or 
even in 1991 or 1992. Evidently, such groups have not obtained 
SON positions during the entire period 1986-1990, but at most 
only during a part of it. Since it was considered inappropriate to 
compare working groups which exist during the entire period 
1986-1990 with groups existing only during a part of this period, 
we deleted all these 'new' working groups from our sample. 
The third methodological point is that we deleted all working 
groups of the Netherlands Organization for Applied Research 
(TNO) as well, since the policy is that these groups do not receive 
any research positions financed by SON. 
As a result of the operations described above, we obtained a final 
set of 180 research groups. 

Table 7 
Categorisation of the variable 'number of positions financed by 
SON' 

Class No. groups Range (min-max) no. SON positions 

Very low 24 0.0-0.2 
Low 42 0.3-1.0 
Average 54 1.1-2.0 
High 33 2.1-3.0 
Very high 27 3.1-7.0 

With respect  to the impact, we calculated for each 

group the indicator CPP/FCSm,  indicat ing the im- 

pact  compared  with the wor ld  citat ion average.  Ap-  

p ly ing the statistical test, we de termined  for each 

group whether  its average  ci tat ion rate (CPP) is 

s ignif icant ly h igher  or  lower  than the wor ld  average 

citat ion rate in the subfields in which the group is 

act ive ( F C S m ) .  

The  Spearman rank-correla t ion coeff ic ient  be-  

tween the number  o f  S O N  posi t ions obtained and the 

impact  compared  with world  average (CPP/FCSm)  
amounts  to 0.26, and is found to be s ignif icant  at the 

probabil i ty  level  o f  99%. Consequent ly ,  there is a 

tendency in our set that the groups  hav ing  rece ived  

the highest  number  o f  posi t ions f inanced by S O N  

during the period 1986-1990 ,  have  also gained the 

h ighes t  impact  during this period.  

Us ing  the categorisat ion o f  the var iables  ' numbe r  

o f  posi t ions f inanced by S O N '  and ' impac t  com-  

pared with the world  ci tat ion ave rage '  descr ibed 

Table 8 
Relationship between 
categorical data a 

the number of SON positions and impact: 

Number SON 
positions 
obtained b 

Impact compared with world average c 

Low Average High 

Very low 3 19 2 
Low 6 30 6 
Average 4 33 17 
High 2 22 9 
Very high 0 13 14 

Number of working groups in the sample: 180. 
b Number of positions for Ph.D. students or post-docs financed by 
the foundation SON during 1986-1990. 
c Impact analysis relates to the time period 1986-1991. The 
impact of a group is considered high (low) if its citation per 
publication ratio is significantly higher (lower) than the world 
average citation rate in the subfields in which the group is active. 
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above, we calculated a cross-table presented in Table 
8. This part of  our analysis has merely a descriptive 
nature. 

Inspect ing  Table  8 one observes first o f  all that 

the n u m b e r  of  groups having  a high impact  exceeds 
the n u m b e r  of  low impact  groups in the classes 
represent ing an average or above average n u m b e r  of  

SO N  posit ions obtained.  This  is consistent  with the 
general  picture presented in Sect ion 4, according to 

which the impact  o f  the groups in Dutch academic 
chemistry on  average is high. Perhaps the most  
s ignif icant  result  in Table  8 is that in the class of  

research groups with a very high n u m b e r  of  SON 

posit ions obtained,  none of  the groups has a low 
impact.  With respect  to research groups with a high 
n u m b e r  of  SON posi t ions,  only  two groups (6%) 
have a low impact.  A m o n g  the groups with high 

impact,  two groups (4%) have a very low n u m b e r  of  
SON posit ions,  while  for six groups (12%) the num-  
ber  of  S O N  posit ions obtained is low. 

Fig. 4 gives a scatter plot for all groups included 
in the analyses presented in this section. The total 
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Fig. 4. Impact versus number of SON positions. Open circles 
represent groups with a very low o~' low number of SON posi- 
tions. Circles with crosses indicate groups with an average level of 
SON positions. Black coloured squares represent groups with a 
high or very high number of SON positions obtained. 

Table 9 
Relationship between the number of SON positions and impact: 
variance analysis a 

Number SON Mean log SD CPP/ 
positions b CPP / FCSm FCSm c 
obtained 

Very low - 0.04 0.72 0.96 
Low 0.04 0.40 1.04 
Average 0.18 0.40 1.20 
High 0.20 0.38 1.22 
Very high 0.37 0.40 1.45 

a Number of research groups in the sample: 180. 
b Number of positions for Ph.D. students or post-does financed by 
SON during 1986-1990. 
c Gives the value exp (mean Iog(CPP/FCSm)) which may differ 
from the overall mean CPP/FCSm for all papers in a class. 

n u m b e r  of  articles publ ished dur ing the period 
1986-1991 (horizontal  axis) is plotted against  the 
impact  compared with the world average dur ing the 
same period (vertical axis). Open circles represent  
groups with a very low or a low n u m b e r  of  S ON 
posit ions obtained.  Circles with crosses indicate 
groups with an average level o f  S ON support,  while 

black coloured squares represent  groups with a high 
or a very high n u m b e r  of  S O N  posit ions.  

As a next  analysis  we de termined for each re- 
search group the natural  logari thmic value of the 
ratio C P P / F C S m .  Per class of  S ON support  we 
calculated the mean  values  and the standard devia- 
t ions of  this variable l o g ( C P P / F C S m ) .  The results 
are g iven  in Table  9. This  table shows that the mean  
( l o g ( C P P / F C S m ) )  of  research groups in a class 
increases as the level of  S O N  support  rises. 8 

8 We applied an ANOVA variance analysis with 
Iog(CPP/FCSm) as the dependent variable, and tested whether 
the sample means in the various classes of SON support were 
equal. The null-hypothesis that the sample means are equal could 
be rejected at the probability level of P = 0.05. Consequently, 
significant differences exist in the means of the variable 
Iog(CPP/FCSm) among the various classes. We compared the 
classes pairwise and tested for each pair whether there were 
significant differences between the means, applying a Tukey test 
at the probability level of P = 0.05. We found significant differ- 
ences in impact between the class containing research .groups with 
a very low or a low number of SON positions on the one hand, 
and the class with a very high number of SON positions on the 
other. For none of the other pairs of classes could significant 
differences in mean impact be detected. 
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We conclude that during the time period 1986- 
1990 there is a fair agreement between the level of 
SON support to groups on the one hand (measured 
through the number of positions for Ph.D. students 
and post-doc scientists) and the impact level of the 
groups compared with the world citation average on 
the other. We found a significantly positive rank 
correlation coefficient between the two variables. In 
addition, there are very few groups with a high or 
very high level of SON support that have gained a 
low impact compared with the world citation aver- 
age. Conversely, a small part of the groups with a 
high impact has obtained a low number of SON 
positions, or no SON positions at all. Groups with a 
very low or a low level of SON support have an 
impact which is significantly lower than that of 
groups receiving a very high number of SON posi- 
tions. 

7. Discussion, conclusions, and policy implications 

This study presents a bibliometric approach to the 
assessment of research performance. It focuses on 
the past performance during the time period 1980- 
1991 of senior scientists participating in working 
communities of the Netherlands Foundation for 
Chemical Research (SON). A large number of these 
scientists have tenured positions at Dutch universi- 
ties. 

But the study is also directed towards the future, 
since it analyses the performance of senior scientists 
who are active in 1992, disregarding the activities of 
those who retired or migrated from academic chemi- 
cal research to other fields during the time period 
under consideration. The sample of scientists anal- 
ysed in this study can therefore be considered to 
have the task to shape academic chemical research in 
the future. 

Using a classification of scientific journals into 
subfields, we showed that our sample of SON 
chemists accounts for an overwhelming part (be- 
tween 80 and 90%) of the total Dutch scientific 
output originating in 1991 from universities, in most 
of the chemical subdisciplines, particularly organic 
and inorganic & nuclear chemistry, polymer sci- 
ence, and chemical engineering. The SON chemists 
appeared to be active in subfields showing strong 

links with other disciplines as well, mainly in bio- 
chemistry and molecular biology, biophysics, atomic, 
molecular & chemical physics, and microbiology. 
Evidently, their contribution to the total Dutch uni- 
versity output in these subfields is lower than their 
share in the typical chemical subfields. 

We concluded that for the total set of scientists in 
our study the scientific journal is the principal 
medium of written communication, and that the Sci- 
ence Citation Index (SCI) covers the Dutch academic 
output in journals very well. Therefore, we conclude 
that the SCI constitutes an appropriate monitor of 
research performance. It should be noted, however, 
that differences exist in publication practices among 
the various subfields covered in this study. Other 
bibliometric studies have shown that in subfields 
with a more applied or technical nature, scientific 
journals may have a less dominant position than in 
basic subfields. In fact, proceedings of international 
conferences are often very important in applied sci- 
ence. Moreover, patents rather than scientific publi- 
cations may be relevant forms of output in a perfor- 
mance analysis. Even though this study relates al- 
most exclusively to academic research, the SCI may 
provide only a partial view on the scientific output 
particularly in applied subfields such as chemical 
engineering. 

We constructed several impact indicators based 
upon the number of times that articles are cited in 
the serial literature covered by the Science Citation 
Index. Impact and quality of scientific research are 
by no means identical concepts. Quality of research 
is a multi-dimensional concept, and impact is one of 
its components. Essentially, citations measure the 
quantity of response to a research work. On the one 
hand, a piece of research is not 'good' merely be- 
cause many scientists respond to it by citing it in 
their papers. On the other hand, in many studies 
significant positive correlations were found between 
citations to a piece of research and the perceptions of 
experts on the significance and quality of that work. 

Our bibliometric analyses presented in Section 4 
indicate that during the time period 1980-1991 aca- 
demic chemical research in the Netherlands has 
gained a high impact compared with the world aver- 
age, and that the chemists in our sample tend to 
publish in high impact journals as well. We did not 
detect any significant changes in impact during the 
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time period under consideration. Since the scientists 
involved in our analyses are the ones who have the 
task to shape the future of academic chemical re- 
search, our results give a positive picture of the 
future as well. We found that the highest impact is 
achieved by papers that were written in collaboration 
with scientists from groups outside the Netherlands. 

Fig. 3 shows that the publication output and im- 
pact is not evenly distributed among all research 
groups involved. But interestingly, when we aggre- 
gated the groups at the level of either working 
communities or universities, we observed that almost 
all working communities and universities have gained 
an impact which is significantly above world aver- 
age. In other words, the 'top groups' gaining the 
highest impact are to a considerable extent evenly 
distributed among working communities or universi- 
ties. Our findings indicate that there are no 'weak' 
working communities or universities in Dutch aca- 
demic chemistry during the time period 1980-1991. 
On the contrary, most of the working communities or 
universities can be qualified as 'strong' in terms of 
their impact. 

Recently, several publications appeared in the 
journal Science Watch (published by the Institute for 
Scientific Information) in which impact indicators 
are calculated for universities or even research de- 
partments in the field of chemistry. For instance, in 
vol. 3, no. 3 of Science Watch (April, 1992), rank- 
ings are published on the top 25 universities in the 
subfield (i.e. journal category) organic chemistry and 
analytical, inorganic, and nuclear chemistry. Publica- 
tions were assigned to universities on the basis of an 
analysis of the addresses of the contributing authors. 
From a detailed analysis of our data we obtained 
very strong indications that the ISI made several 
severe errors in their assignment of papers to univer- 
sities. The ISI did not take into account all variations 
under which the name of a university appears in the 
addresses. For instance, the ISI seems to have missed 
an important variation in the name of the University 
of Leiden. As a consequence, the number of papers 
assigned to this university in the field analytical, 
inorganic, and nuclear chemistry is almost a factor of 
2 too low. 

We compared our findings at the macro-level 
presented in Section 4 with those obtained by Schu- 
bert et al. (1989). These authors have presented 

numerous data tables on publication output and im- 
pact for many countries and subfields. Their study 
relates to the time period 1981-1985. Applying their 
definition of the main field chemistry (which in- 
cludes the journal categories: analytical chemistry; 
applied chemistry; electrochemistry; inorganic and 
nuclear chemistry; organic chemistry; physical chem- 
istry; and polymer science) they found for all papers 
from the Netherlands a ratio 'observed versus ex- 
pected citation rate' of 1.12. This ratio is rather 
similar to the indicator CPP/JCSm calculated in our 
study. Moreover, according to Schubert et al. (1989) 
the ratio of the Dutch observed citation rate and the 
overall mean citation rate in the main field chem- 
istry, a measure which is similar to our indicator 
CPP/FCSm, amounts to 1.44. 

These results obtained by Schubert et al. (1989) 
are remarkably consistent with those presented in our 
study, particularly if one takes into account that the 
methods applied in the two studies are quite different 
from one another. For instance, our study deals 
mainly with university scientists, while the publica- 
tion by Schubert et al. (1989) considers the output 
from all types of institutions. While the Schubert 
study relates to the time period 1981-1985, our 
study relates to the period 1980-1991 or 1986-1991. 
Moreover, the journal category biochemistry and 
molecular biology is not included in their main field 
'chemistry' while our sample of SON chemists con- 
tains many biochemists. 

In Section 6 we examined some aspects of the 
statistical relationship between the impact of groups 
and the number of positions for Ph.D. students or 
post-doc scientists obtained by these groups from 
SON. We considered the time period 1986-1990. 
We found a positive (rank) correlation between these 
two variables in an appropriate sample of 180 re- 
search groups, which appeared to be significant at a 
confidence level of 99%. Moreover, there were very 
few groups in our sample with a high level of SON 
support but gaining a low impact compared with the 
world citation average. Conversely, only a small part 
of the groups with an impact significantly above 
world average obtained a low number of SON posi- 
tions or no SON positions at all. These groups with a 
high impact and a low level SON support are mostly 
active in fields in-between chemistry and neighbour- 
ing fields such as physics or the life-sciences and 
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they obtain their support from foundations in these 
fields. In fact, groups with a (very) low level of SON 
support have an impact which is significantly lower 
than that of groups obtaining the highest number of 
research positions from SON. 

Clearly, there is a significant correlation between 
the bibliometric impact of a group and the financial 
support obtained from the research council founda- 
tion SON. However, discrepancies exist, as one 
should expect. Essentially, there are two types of 
causes for the limited number of observed discrepan- 
cies between the bibliometric impact and the finan- 
cial support from SON. 
1. The future is unknown, not an extrapolation of 

past performance. Funding decisions are based on 
proposals for research still to be performed. SON's 
policy is aimed at funding high quality research 
and high quality implies an essential element of 
risk. A basket of ambitious research proposals 
will inevitably also result in a few non-flyers. 

2. Bibliometric indicators are not perfect. This paper 
presents a useful way of handling the differences 
in publication behaviour in various subfields of 
chemistry, but one should still realise that quality 
in, for example, chemical engineering is to a 
much lesser degree determinable from bibliomet- 
rics that it is in biochemistry. Also, for policy 
reasons we would like to concentrate on short-term 
citations, while the real impact of a paper can 
only be assessed over a longer period. 
In conclusion, this study has led to gratifying 

outcomes such as the good international standing of 
chemical research in the Netherlands and the signifi- 
cant correlation between bibliometric impact and 
funding which had been based on peer review. Other 
interesting results include the detailed data on indi- 
vidual groups, the comparison of various subfields of 
chemistry, the observed strong relation between im- 
pact and national and international collaboration, and 
the high percentage of Dutch papers coming from 
university research, also in industrially hot areas 
such as chemical engineering, polymers, and cataly- 
sis, highlighting the importance of academia to in- 
dustry. In order to draw firm conclusions on such 
topics one will usually also need evidence from other 
sources, but clearly a careful bibliometric analysis 
can provide valuable insight or raise pointed ques- 
tions in many science policy matters. 
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