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Executive summary
This report describes the potential of bibliometric and patent studies to identify centers of
excellence in Europe in science fields. In particular the field of Nanotechnology/Nanoscience
is taken as a case study. The contractors describe the methodological and practical problems
of the used data and analyses as well as the potential and feasibility of such an exercise.
To summarize, the major questions of the present report are whether
•

it is possible to handle the large data sets linked to the considered areas in a satisfying
way,

•

such an exercise can be executed with a reasonable amount of work and costs,

•

it is possible to identify relevant institutions in the areas considered,

•

the results can be presented in a way that is adequate to the needs of different user
groups.

Based on the experiences of the present exercise, various measures to improve the methods of
analysis and presentation are suggested. The entire project with the developed tool is available
at www.cwts.nl/ec-coe.
We succeeded to create a tool that enables various types of users to identify on the level of
‘main organization’ (university, company) centers of excellence. Still, in the course of this
project we encountered some problems that should be solved in order to carry out the
identification in a cost-effective way and with reliable results on a larger scale that just one
field.
Expert input is crucial for collecting the proper publication and patent data to be used as the
basis for the analyses and particularly the delineation of fields. At present it is not possible to
collect these data without experts who are able to compile an effective search strategy to
retrieve the relevant data. These experts should not only ‘know’ the field but also have
knowledge about search strategies and their use. These experts can be supported by a search
interface to see the effect of specific search strings.
In view of the difficulties we encountered with the input of experts in order to delineate the
fields, we wonder whether this is the best approach to meet the objective. In practice, there are
two types of ‘fields’. One concerns a ‘known’ field, i.e., a field established for years and years
(e.g., genetics, immunology, and neuroscience). For these fields, delineation is much easier
because experts know the journals that cover the core of the field and they have ample
experience using search terms. The second type is the ‘developing’ field (e.g.,
nanotechnology/nanoscience). In this field there appears to be much less consensus among
experts about what should and should not be covered, there are hardly or no journals
specifically for that field, and the experts have a rather limited experience as to what search
terms to use for collecting relevant data. Furthermore, the results for the ‘known’ fields are
much easier to validate than the results for the ‘developing’ fields. As the results should in
some way refer to what the field experts expect, validation appears to be considerably easier
for the ‘known’ fields.
It should also be noted that field delineation on the basis of patents differs from publications,
because patent databases contain a well-developed classification system (the International
Patent Classification, IPC). This classification creates an additional and powerful facility to
collect the proper data. The publication databases essentially lack such an overall generic
scheme.
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The above observations lead to the conclusion that implementation of our approach as
described in this report on a larger scale (i.e., applying it to hundreds of ‘fields’) is not
feasible, simply because we expect that it is impossible to get experts involved on such a large
scale in a reasonable way, without losing control over the results. Moreover, we know that the
science landscape is changing, and that particularly new and developing fields will attract
interest to identify centers of excellence. But precisely in these developing fields delineation
of the field on the basis of expert input is problematic, as discussed above. However, there are
good prospects to deal with this delineation issue, but this has to be investigated in more
detail. In principle it should be possible to start with a limited set of publications and to
enlarge this set on the basis of co-citation relations, similar keyword patterns and other
bibliometric characteristics.
With respect to the use of address data in publication and patent data, we conclude that they
may be used at the level of ‘main organization’ (university, company, research institute) in
most member states of the EU and associated states. At that level, cleaning of data by national
experts is certainly feasible. It seems however, that problems with cleaning are not the same
in every country. Apart from the size of the country, it is well known that the science system
in countries like France (particularly, the ‘interwoveness’ of the CNRS) differs considerably
from the system in the Netherlands. The complexity of the system in France makes it almost
impossible, also for national experts, to clean the data, even on the level of organization.
Cleaning of these address data would be easier in a ‘bottom-up approach’. This means that
beforehand a limited list of organizations has to be compiled within each country. Then the
address data could be cleaned using this basic list of organizations.
With respect to linking patent and publication indicators, we have made in this project a huge
step forward as we were able to identify inventors as authors in the same field. Hence, we
were able to identify the ‘research address’ of inventors and thus to build indicators for
institutions having both patent and publication data. This enables us to find ‘bridges’ between
scientific and technological performance within an R&D field.
In this project, we created a tool for different users to enter the fields chosen for this study.
The design of this tool had to be flexible enough to be used by different types of users.
Because of the variety of users (from scientific experts to policy makers), we are not yet
completely able to determine whether the requirements of all users are satisfied. Still in view
of the purposes of this study we are convinced that we indeed have. The tool enables users to
determine their own criteria and thresholds to identify research entities of a certain
productivity or impact. In particular, the possibility to combine different indicators enhances
the utility of the tool for the different user groups considerably. On a large scale we were able
to combine patent and publication indicators, which can be considered as a major step forward
to explore the multiple aspects of excellence.
With respect to the size of research entities, we were within the scope of this project not able
to go a step below the level of ‘main organization’, e.g., from university to department. It
appeared that the quality of address data in publications on the level of departments and (if
available) faculty, was so low, that we do not provide results on department level
systematically. Moreover, the cleaning efforts for experts in the different national science
systems would be huge. Especially in larger countries like Germany, France and the UK, we
could not ask to clean the address data at any lower level than the main organization.
It should be noted that the activity and performance of these organizations are only measured
within the field. The name of the organization as mentioned in the tables and rankings do not
refer to the entire organization but only for the part active in a particular field.
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Apart from these data problems, we mention the debate on the validity of performance
indicators on the level of departments. For some purposes and within particular contexts, the
entity to focus on should be even below the departments. In these cases the ‘group’ seems
more appropriate. In this study we were not able explore this, but we have ideas as to how to
deal with this. We suggest that combination of author names and organization name could be
used effectively to define groups. A combination of groups may be used to define a
department or even a faculty.
Still, as mentioned above, we were able to provide information on research in a specific field
in an efficient interactive tool, enabling the user to use his/her own criteria and thresholds to
identify research entities at the level of organization, with a particular performance.
Moreover, we provide the tool at different levels of aggregation (world, EU, and national
level).
The geographical interface can be used to localize the identified organizations. This enables a
specific user to search for entities together with the information of its geographical position.
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1

Introduction

In January 2000, the European Commission adopted a communication preparing the creation
of a European Research Area (ERA).1 This project essentially aims at creating favorable
conditions to increase the impact of research efforts by strengthening the coherence of
research activities and policies conducted in Europe. In particular, it recognizes that worldclass excellence exists in practically all areas and disciplines in Europe. These competencies,
however, are not always sufficiently well-known across national borders, for example by
companies. At the Lisbon European Council on March 2000, the Heads of State or
Government endorsed this project and set a series of objectives and an implementation
timetable. In particular, they requested to map research and development excellence in all
Member States, in order to foster the dissemination of excellence.
In order to ensure close co-operation with Member States on the subject of excellence,
Commissioner Busquin convened a group of nominated representatives from Member States,
the High-Level Group (HLG). On November 2000, a specialized workshop was organized,
where experience in various countries was presented regarding methods for assessing
excellence. Based on these experiences, the commission published a paper on the
methodology how to map excellence in research and technological development in Europe
(CEC 2001).
In 2000, the commission additionally assigned an expert group in order to discuss appropriate
indicators for a Europe-wide mapping of excellence. Various indicators were suggested, but
the experts agreed on publication indicators as starting point. The main argument for this
approach was that all other indicators have to cope with the problem of comparability across
national borders in a substantial way. In addition, the experts recommended to complement
the analysis by patent indicators for including the technological perspective. They emphasized
that patent indicators are not only useful to describe excellence of industry-based research, but
also to depict the orientation of scientific research on application. So the combination of both
indicators should show up different dimensions of excellence. Later on, these lead indicators
should be complemented by other indicators.
Against this background, the Commission decided in 2001 to analyze the three areas of
economics, life sciences and Nanotechnology in more detail. The major aim of this exercise
was to examine the feasibility of such analyses in various dimensions. For example, it should
be tested whether it is feasible at all to provide data necessary for an appropriate mapping, but
also aspects of an appropriate presentation of a large amount of data with regard to user needs
or the costs were of concern.
In November 2001, the Commission awarded two short preparatory studies as to life sciences
and Nanotechnology for exploring first methodological issues. In March 2002, it
commissioned two broader studies for analyzing patents and publications in these two areas.
The present report describes the outcome of the nanoscience/nanotechnology study wherein
the Centre for Science and Technology Studies (CWTS) of the University of Leiden was
responsible for publications, the Fraunhofer Institute for Systems and Innovation Research
(Fraunhofer ISI) for patents. The results of this study are made available by a special interface
at the WWW (http://www.cwts.nl/ec-coe) where patents and publications data at institutional
1

The following description is based on CEC (2001: 3).
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level can be browsed, and geographical maps of centers of excellence can be generated. In
this interface, the results of both the nanotechnology and the life sciences study are integrated.
This report should be read as a twin sister of the Life Science report of the project EC-PPLSCT-2002-0001.

1.1

Objective of this study

This report primarily describes the methodological and practical problems of the analyses and
addresses the various aspects of feasibility in more detail. In addition to the institutional
analysis, it discusses some macro-statistical issues of the exercise. The work of the two main
contractors was supported by recommendations of the High Level Group and in particular by
a stakeholders’ panel with relevant experts in the areas considered. The Commission is
presently going to evaluate the outcome of the studies and to supplement the publication and
patent indicators by other data. In this study, nanotechnology was not subdivided, as
according to the preparatory study the overlap of potential sub-areas would be too large. As to
the geographical coverage, the study focuses on institutional structures in the member
countries of the EU and in the so-called associated countries; all in all, on 32 countries.
To summarize, the major questions of the present report are whether
•

it is possible to handle the large data sets linked to the considered areas in a satisfying
way,

•

such an exercise can be executed with a reasonable amount of work and costs,

•

it is possible to identify relevant institutions in the areas considered,

•

the results can be presented in a way that is adequate to the needs of different user
groups.

Based on the experiences of the present exercise, various measures to improve the methods of
analysis and presentation are suggested. With regard to institutional details, the reader is
kindly asked to refer to the website mentioned above.

1.2

General starting points

Mapping of excellence in science and technology (S&T) is one of the central goals in the
European Research Area strategy of the European Commission. Excellent scientific work is
the origin of breakthroughs, and therefore it is crucial to identify centers of excellence and to
promote them. Moderate scientific work will not lead to important breakthroughs. Only
excellent work really counts. This is particularly important as scientific breakthroughs are, be
it in an unpredictable way (Airaghi et al 1999), the driving forces of socio-economic change
and development.
S&T scientific excellence is not always sufficiently well known across and even within
national borders. Mapping of excellence and particularly of evolving patterns of excellence in
all EU Member States (and EU Associated States) will strongly enable the EC strategy of
fostering the dissemination of S&T excellence.
Identification of S&T excellence is a matter of evaluation. Most of the R&D evaluation
processes worldwide rely heavily or almost completely on expert panels and other forms of
peer review. Undoubtedly, opinions of experts are of crucial importance. Nevertheless there
9

may be severe problems in peer review (Horrobin 1990; Moxham and Anderson 1992). New
developments in the field of quantitative studies of science and technology offer methods to
support peer review in order to keep it objective and transparent.
This study aims at the application of these advanced quantitative methods. Its main objective
is ‘S&T excellence mapping’, i.e., the application of a sufficiently powerful analytical
instrument based on bibliometric analysis as well as on patent analysis to identify excellence
in science and technology.
The methodology described in this study is based on the following crucial aspects of mapping
S&T excellence.
1. Definition of the selected fields on the basis of concepts. A group of experts
commissioned by the EC provided keywords for nanotechnology. In addition, we used
field definitions based on journal sets and, where possible, field definitions based on
classification systems of relevant data sources;
2. Collection of relevant documents: on the basis of the above field-defining elements,
we focus on scientific documents published in international journals covered by
citation indexes 2, documents covered by Medline, Current Contents, and other relevant
data sources. Using similar field-defining elements (keywords, classification codes of
patent databases) we retrieved patent data from the European Patent Office (EPO) and
the World Intellectual Property Organization (WIPO);
3. Construction of maps on the basis of the data in the collected documents, to represent
the cognitive, scientific structure (‘bibliometric map’) of nanotechnology as a ‘basic
landscape’ in order to visualize the mutual relations between sub-fields and (often
problem-oriented) themes, as well as the interdisciplinary relations with other fields;
4. Identification of the major actors in nanotechnology, both in scientific (based on
publication and citation analysis) as well as in technological (based on patent
analysis) terms, and positioning of these centers of S&T excellence on the map of the
field;
5. Representation of the centers of S&T excellence on a geographical display in order to
create a clear overview of European competencies in science and technology;
6. Validation of the maps and inclusion of further surveys in order to enhance the
findings of this study, made possible by making the maps accessible in a user-friendly
design.
The study will cover all the EU Member States and the associated countries: Bulgaria,
Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia,
Slovenia, Malta, Iceland, Liechtenstein, Norway, Israel and Switzerland.

1.3

Basic Principles of Bibliometric Mapping

Each year about a million scientific articles are published. How to keep track of all these
developments? Are there specific patterns ‘hidden’ in this mass of published knowledge, at a
‘meta-level’, and if so, how can these patterns be interpreted (Van Raan and Noyons 2002)?

2

CD-Rom versions of the Science Citation Index, SCI; if necessary the Social Science Citation Index, SSCI; and
Arts & Humanities Citation Index, AHCI; and all ‘specialty’ indexes such as Neurosciences, Biochemistry and
Biotechnology, etc., published by the Institute of Scientific Information’s (ISI) in Philadelphia.
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We discussed above that a research field can be defined by various approaches: on the basis
of selected concepts (keywords) and/or classification codes in a specific database, selected
sets of journals, a database of field-specific publications, or any combination of these
approaches. Along these lines, we collected for each selected field titles and abstracts of all
relevant publications, for a series of successive years, thus operating on many ten thousands
of publications per field. With a specific computer-linguistic algorithm we parsed the titles
and abstracts of all these publications. This automated grammatical procedure yields all nouns
and noun-phrases (standardized) that are present in the entire set of collected publications
(Noyons 1999).
An additional algorithm creates a frequency-list of these many thousands of parsed nouns and
noun-phrases while filtering out general, trivial words. We consider the most frequent
nouns/noun phrases as the most characteristic concepts of the field (this can be 100 to 1,000
concepts, say N concepts). The next step is to encode each of the publications with these
concepts. In fact this code is a binary string (yes/no) indicating which of the N concepts is
present in title or abstract. This encoding is as it were the ‘genetic code’ of a publication. Like
in genetic algorithms, we now compare the encoding of each publication with that of any
other publication by calculating the ‘genetic code similarity’ (here: concept-similarity) of all
publications in a specific field pair-wise. The more concepts two publications have in
common, the more these publications are related on the basis of concept-similarity and thus
can be regarded as belonging to the same sub-field, research theme or research specialty. In a
biological metaphor: the more specific DNA-elements two living beings have in common, the
more they are related. Above a certain similarity threshold, they will belong to a particular
species.
The above procedure allows clustering of information carriers -the publications- on the basis
of similarity in information elements - the concepts (‘co-publication’ analysis). Alternatively,
the more specific concepts are mentioned together in different publications, the more these
concepts are related. Thus, information elements are clustered (‘co-concept’ analysis). Both
approaches, co-publication and co-concept analysis are related by matrix algebra rules. In
practice, the co-concept approach (Noyons and Van Raan 1998) is most suited for science
mapping, i.e., the ‘organization of science according to concepts’.
Intermezzo: For a super market ‘client similarity’ on the basis of shopping lists can be
translated into a clustering of either the clients (information carriers, where the information
elements are the products on their shopping lists) or of the products. Both approaches are
important: the first gives insight into groups of clients (young, old, male, female, different
ethnic groups, etc.), and the second is important for the spatial division of the super market
into product groups.
In main lines the clustering procedure is as follows. We first construct for each field a matrix
composed by co-occurrences of the N concepts in the set of publications for a specific period
of time. We normalize this ‘raw co-occurrence’ matrix in such a way that the similarity of
concepts is no longer based on the pair-wise co-occurrences, but on the co-occurrence
‘profiles’ of the two concepts in relation to all other concepts. This similarity matrix is input
for a cluster analysis. In most cases, we use a standard hierarchical cluster algorithm including
statistical criteria to find an optimal number of clusters. The identified clusters of concepts
represent in most cases recognizable ‘sub-fields’ or research themes. Each sub-field
represents a sub-set of publications on the basis of the discussed concept-similarity profiles. If
any of the concepts is in a publication, this publication will be attached to the relevant subfield. Thus, publications may be attached to more than one sub-field. This overlap between
sub-fields in terms of joint publications is used to calculate a further co-occurrence matrix,
now based on sub-field publication similarity.
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To construct a map of the field, the sub-fields (clusters) are positioned by multidimensional
scaling. Thus, sub-fields with a high similarity are positioned in each other's vicinity, and subfields with low similarity are distant from each other. The size of a sub-field (represented by
the surface of a circle) indicates the share of publications in relation to the field as a whole.
Particular strong relations between two individual sub-fields are indicated by a connecting
line.
A next step (Noyons et al 1999) is the integration of mapping and performance assessment. It
enables us to position actors (such as universities, institutes, R&D divisions of companies,
research groups) on the worldwide map of their field, and to measure their influence in
relation to the impact-level of the different sub-fields and themes. Thus a strategic map is
created: who is where in science, and how strong? We discuss the methods applied for
performance assessment in Section 3. Furthermore, indicators on patent data are added which
provides us with information on technological strength.
A series of maps of successive time periods reveals trends and changes in structure, and even
may allow ‘prediction’ of near-future developments by extrapolation. Such changes in maps
over time (field structure, position of actors) may indicate the impact of R&D programs,
particularly in research themes around social and economic problems. In this way, our
mapping methodology is also applicable in the study of the socio-economic impact of R&D
(Airaghi et al 1999).
Bibliometric maps provide an instrument that can be used optimally in an electronic
environment. Moreover, there is a large amount of detailed information ‘behind the maps’.
For this study it is of crucial importance that this underlying information, particularly on
research performance above the ‘excellence threshold’ (Section 3) and technological
performance can be retrieved in an efficient way, to provide the user a possibility to explore
the field and to judge the usefulness of maps against the user’s own expertise. We provide in
this study an advanced internet-based user-interface (Noyons 1999; Noyons et al 2000) to
enable this further exploration of the maps and the data ‘behind the maps’. Thus, the
bibliometric maps and their internet-based user-facilities will enable users to compare the
scientific performance of groups/institutes with other (EU and foreign) ‘benchmark’ institutes.
Likewise, the maps can be used for the selection of benchmark institutes, for instance
institutes chosen by the experts.
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1.4

Measurement of Scientific Performance

Why bibliometric analysis of research performance? Peer review undoubtedly is and has to
remain the principal procedure of quality judgment. But peer review and related expert-based
judgments have serious shortcomings and disadvantages (Moxham and Anderson 1992).
Subjectivity, i.e., dependence of the outcomes on the choice of individual committee
members, is one of the major problems. This dependence may result in conflicts of interests,
unawareness of quality, or a negative bias against younger people or newcomers to the field.
We absolutely do not plead for a replacement of peer review by bibliometric analysis.
Subjective aspects are not merely negative. In any judgment there must be room for the
intuitive insights of experts. We claim however that for a substantial improvement of
decision-making our bibliometric method has to be used in parallel to a peer-based evaluation
procedure.
The most crucial parameter in the assessment of research performance is international
scientific influence. We consider international influence as an important, measurable aspect of
scientific quality and therefore we developed standardized, bibliometric procedures to assess
research performance within the framework of international influence or impact.
Undoubtedly, the bibliometric approach is not an ideal instrument, working perfectly in all
fields under all circumstances. But our approach works very well in the large majority of the
natural, the medical, the applied and the behavioral sciences. These fields of science are the
most cost-intensive and the ones with the strongest socio-economic impact. The most central
question we want to answer is whether the performance is high or low, and speaking about
scientific excellence, very high.
The rationale of our bibliometric approach is as follows. Scientific progress can be defined as
the substantial increase of our knowledge about ‘everything’. In main lines we discern basic
knowledge (‘understanding’) and applicable knowledge (‘use’). This knowledge can be tacit
(‘craftsmanship’) or codified (‘archived & publicly accessible’). Scientists communicate (and
codify) their findings in a relatively orderly, well-defined way since the 17th C. Particularly
the phenomenon of serial literature is crucial: publications in international journals. Thus,
communication, i.e., exchange of research results, is a crucial aspect of the scientific
endeavor. Publications are not the only, but certainly very important elements in this
knowledge exchange process. Although not perfect, we adopt a publication as a ‘building
block’ of science as a structure -which is the basis of our mapping methodology- and as a
source of data.
Thus, bibliometric assessment of research performance is based on one central assumption:
scientists who have to say something important do publish their findings vigorously in the
open, international journal (‘serial’) literature. This choice introduces unavoidably a
‘bibliometrically limited view on a complex reality’.
Journal articles are not in all fields the main carrier of scientific knowledge; journal articles
are not ‘equivalent’ elements in the scientific process, they differ widely in importance. Even
in the fields where this is the case, journal articles are challenged as ‘gold standard’ by new
types of publication behavior (electronic publishing).
However, the ‘daily practice’ of scientific research shows that inspired scientists in most cases
go for publication in the better and -if possible- the best journals. This observation is
confirmed by many years of experience in research evaluation procedures with peer review as
core. Each year about 1,000,000 publications are added to the scientific archive of this planet.
Certainly this number but also numbers for sub-sets of science (fields, institutes) are in many
13

cases sufficiently high to allow quantitative analyses yielding statistically significant findings.
Publications offer usable elements to ‘measure’ important aspects of science: author names,
institutional addresses, journal (which indicates not only field of research but also: status!),
references (citations), concepts (keywords, keyword-combinations or ‘noun-phrases’).
Work of high quality provokes reactions of colleague-scientists. They are the international
forum, the ‘invisible college’, by which research results are discussed. Often, these colleaguescientists play their role as a member of the invisible college by referring in their own work to
earlier work of other scientists.
This process of citation is a complex one, and it certainly not provides an ‘ideal’ monitor on
scientific performance. This is particularly the case on a statistically low aggregation level,
e.g., the individual researcher. But the application of citation-analysis to the work, the
‘oeuvre’ of a group as a whole over a longer period of time, does yield in many situations a
strong indicator of scientific performance, and in particular of scientific quality. An important,
absolutely necessary condition is that the applied citation-analysis is part of an advanced,
technically highly developed bibliometric method.
In the Appendix A of this report we discuss in more detail the basic elements of our advanced
bibliometric methodology. We here claim that we are able to construct one specific, powerful
‘crown’ indicator, which normalizes the measured impact of a research group or institute to a
worldwide, field- (or sub-field-) specific reference value. It is the internationally standardized
impact indicator CPP/FCSm. The normalization is based on specifically fitted publicationand citation time-windows in which article type, e.g., review papers, normal papers, or letters,
are taken into account. Sub-fields are defined according to the structures within a specific
field as found in the mapping structure. This ‘crown’ indicator enables us to observe
immediately whether the performance of a research group or institute is significantly far
below (indicator value < 0.5), below (indicator value 0.5 - 0.8), around (0.8 - 1.2), above (1.2
- 2.0), or far above (>2.0) the international (western world dominated) impact standard of the
field or sub-field (which by definition equals 1).
In order to take geopolitical aspects in a clear and objective way into account, our approach
enables to calculate indicators not only normalized to international reference values, but also
to EU-reference values, or EU-region reference values.
The search for scientific excellence should start systematically at the ‘meso’-level of larger
institutions, such as universities or major parts of universities, like faculties or large institutes.
Bibliometric analyses performed at the macro-level (e.g., a whole country) yield at best
general assessments of fields as a whole, for instance, how good a country’s performance is in
physics, chemistry, psychology or immunology, without a reliable breakdown to the
individual research groups or programs.
The reason for the choice of the meso-level, i.e. the institution, to start the assessment
procedure, is that only at the input-side all necessary information, particularly data on
personnel and on the composition of groups and programs, is available to a sufficiently
accurate extent. Such institutional infrastructure data are not available in general publication
databases and must be collected separately in relation the institutions concerned. After an
assessment of these larger institutions as a whole, the performance analysis can be narrowed
down to research groups and programs within these institutions.
We stress that in the measurement of scientific impact one has to take into account the
aggregation level of the entity under study. The higher the aggregation level, the larger the
volume in publications and the more difficult it is to have an impact significantly above the
international level. Based on our long-standing experiences, we can say the following. At the
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‘meso-level’ (e.g., a university, faculty, or large institute, about 500 or more publications per
year), a CPP/FCSm value above 1.2 means that the institute’s impact as a whole is
significantly above (western-) world average.
Particularly with a CPP/FCSm value above 1.5, the institution can be considered as a
scientifically strong organization, with a high probability to find very good to excellent
groups. As discussed above, the next step in our search for excellence is the breakdown of the
institution into smaller units, i.e., research groups and/or programs. Therefore the bibliometric
analysis has to be applied on the basis of institutional input data on personnel and composition
of groups.
The bibliometric algorithms can now be repeated efficiently on the lowest but most important
aggregation level, that of the research group or research program. In most cases the volume of
publications at this level is between 10 and 20 per year. At the group level a CPP/FCSm
value above 2 indicates a very strong group, and above 3 the groups can be, generally,
considered as excellent and comparable to top-groups at the best US universities. If the
threshold value for the CPP/FCSm indicator is set at 3.0, we filter out the excellent groups
with high probability (van Raan 2000a). It is important to focus on a recent period of time,
thereby ‘allowing’ scientists to recognize important work and to let this important work ‘take
roots’. This means that such a recent period should not be too ‘short’. We take 1996-2001 as a
suitable period.
In order to carry out the above discussed sub-field normalization procedure of our crown
indicator, we also performed an impact-analysis of all sub-fields and themes (as a whole)
found in the bibliometric mapping procedure of each field. Such a sub-field impact analysis
also has an important value of its own, as it indicates the ‘status’ of specific sub-fields in
terms of international topicality, relevance, influence (‘hot’ or ‘cold’ sub-fields). This
approach enables users to compare international developments within nanotechnology in
terms of national (EU member states) strengths and weaknesses, as well as to observe whether
specific groups or institutes are located in ‘hot’ or ‘cold’ sub-fields.
We developed a second indicator of scientific excellence in the following way. We calculated
for the impact distribution function of all publications and determine the field-specific top10% of this distribution (Van Raan and Van Leeuwen 2001). Next we identified those R&D
entities with a number of publications above a specific threshold in the top-10% of the
impact-distribution function. As we deal with specific fields -and not with a very broad
scientific domain such as ‘the life sciences’- we expect that most of the identified R&D
entities will be at the aggregation level of an institute or department within -mostly- a
university or a large public/private institution or company, possibly a group within an institute
or department.
Finally, we position these centers of research excellence on the ‘landscape of the field’ as
provided by the bibliometric mapping procedure described in Section 2.
The results of the bibliometric analyses need to be verified and validated against the results of
evaluation schemes and prior analysis at the national level and against the knowledge of
experts. Verification primarily means an investigation of evidently ‘missing’ centers of
excellence. This is important, as it is always possible that scientific excellence is not directly
measured by bibliometric analyses. Moreover, verification is important to remove errors and
incompleteness of addresses of research organizations, departments, groups. In addition, we
can identify networks of collaborating groups. Validation is primarily a careful comparison of
the expert’s opinion about scientific quality and the assessment results by bibliometric
performance analysis as discussed in the next section.
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1.5

Discussion of major recurring issues concerning bibliometric analysis

In this section we focus on five ‘frequently asked questions’ concerning bibliometric analysis,
in particular issues related to (1) the reliability of the initial data, (2) search for quality, (3) the
timeliness of the analysis, (4) the comparability of the different research systems, and (5) the
(supposed) US bias of the citation index.
1.5.1 Reliability of the initial data
A crucial element of any quantitative study is the reliability of the initial data. This problem is
often expressed in two questions: ‘Do we have the ‘right’ field?’ and if so, ‘Do we have
enough documents (publications and patents) to represent the field in a statistically
significant way?’ The answer to the first question depends on the quality of the field
delineation. If there is a high degree of consensus within the group of experts providing the
concepts to delineate the field in term of keywords and keyword-combinations, the first
question can be answered positively. We state however, that in specific cases, particularly in
relatively new fields there is not such a high consensus among experts. However, our
mapping methodology presented in this study offers the possibility to ‘confront’ experts with
the effect of their choices of concepts on the field-delineation. Thus, maps of fields can be
improved in an iterative way.
Within an agreed delineation, all relevant publications -covered by the citation indexes and/or
other databases if agreed- and patents -covered by EPO- can be identified. This means that
as soon as there is an agreement on the ‘right’ field in terms of concepts used for delineation,
it will be no problem to represent the field with a statistically significant number of
publications and patents
1.5.2 Search for quality
A core problem of this study is formulated by the question: ‘Do we focus on quality?’ often
followed by ‘instead of output volume’. Scientific performance relates to achieved quality in
the contribution to the increase of our knowledge (‘scientific progress’) as perceived by
others: ‘peers’. That is, ‘knowledgeable others’ have to judge the work. This is daily practice
in science: colleague-scientists act as reviewers in accepting publications for scientific
journals; awarding PhD’s and other degrees; appointments to scientific positions; granting
research proposals; prizes, awards, invitations. But also by the statistically most frequent
action: citing the published work of colleague-scientists, which highly correlates with all
above aspects.
There are about 15,000,000 references about per year, thus providing a wealth of
‘communication-based’ linkages between ‘science today’ and earlier work.
As discussed in the foregoing sections, the above phenomenon of referencing is the basis of
citation analysis. Undoubtedly, scientific quality is a multi-facet characteristic. Citationanalysis based bibliometric analysis provides indicators of international impact, influence.
This can be regarded as -at least- one crucial aspect of scientific quality, and thus a ‘proxy’ of
quality as follows from a longstanding experience in bibliometric analysis.
A first and good indication whether bibliometric analysis is applicable to a specific field is
provided by the publication characteristics of the field, in particular the role of international,
refereed journals. If international journals are a dominating or at least a major means of
communication in a field, then in most cases bibliometric analysis is applicable.
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1.5.3 Timeliness of the analysis
A frequently posed question concerns the ‘delay problem’: Does bibliometric analysis suffer
from a substantial ‘delay’ in the measurement of research performance? An answer to this
question first needs a further refinement: delay as compared to what? To the average
‘processing time’ of a publication? To the average ‘running time’ of a project? Or to peer
review ‘time cycles’?
The entire process starting with scientific activities and leading to successively ‘publishable’
results, writing of an article, submission of the article, publication of the article, citations to
the article, varies considerably for the different fields of science and often within a field or
even research theme. Depending on type of activities and type of results it may take years.
But during that time the work is improved, not the whole process time can be regarded is a
‘delay’ or a ‘waste of time’. Furthermore, the average duration of a major research project is
about 4 years, and the same is the case for most peer review time cycles. Also, during the
publication process the awareness of scientific community (and peers!) evolves (e.g., average
time between field-specific conferences etc.).
The above means that ‘bibliometric awareness’ does not necessarily take more time than ‘peer
awareness’ as illustrated in Appendix A2 with a recent example of a publication in physics.
Moreover, the bibliometric system itself proves empirically the robustness of the method
simply by showing that citation-analysis based indicators are remarkably stable, which means
that recent past performance is a reliable predictor for near-future performance.
1.5.4 Comparability of the different research systems
It is often quite problematic to understand the structure of a research organization in terms of
‘realistic’ units such as departments or research groups. There are major differences in
research systems between countries. The University of London is not a university anymore in
the usual sense. It is an ‘umbrella organization’ covering several different relatively
autonomous universities. In Paris and other French cities not such an umbrella structure
exists, there we deal with completely autonomous universities that were part of originally one
‘mother-university’. It is often cumbersome to distinguish between departments of these
different universities within a city. The two ‘Free Universities’ of Brussels (Vrije Universiteit
Brussel, VUB, and the Université Libre de Bruxelles, ULB) are a notorious example in this
sense. Another well-known problem is the ‘interwoveness’ of the French CNRS and French
universities.
This problem is in fact a ‘fine structure’ problem: matching bibliometric data (‘external’) with
the ‘real fine-structure’ (‘internal’) of a main organization (e.g., a university). In order to do
this, we need accurate ‘fine-structure’ data per organization. Moreover, this internal structure
is ‘dynamic’: new departments, schools and certainly new research groups are created all the
time.
Bibliometric analysis provides a two-fold first-but-good approximation:
Narrowing down of fields: the smaller the bibliometric ‘refining’ of fields (e.g., from
neuroscience as a whole to brain infarct research as a specific research theme within
neuroscience), the more we approach ‘real’ units such as research groups within the internal
structure of a main organization: “convergence principle”. In this study the bibliometric
mapping methodology (finding the structure of a specific field) is particularly suited for this
approach.
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Networks of co-operating scientists: the analysis of collaborating researchers provides the
internal structure of that specific (sub-) field in terms of co-authors. Thus the real, ‘working
floor’ groups are identified. This identification is completely independent of the quality of
information on main organization addresses. It is, as it were, based on a ‘bibliometricallydriven’ self-organization of science.
1.5.5 Supposed US bias of citation index
If a bibliometric analysis would be demonstrably or at least plausibly affected by a US bias
we can apply in the calculation of our indicators EU averages, EU distribution functions
and/or benchmarking with other EU-institutes.

18

2

Patent analyses

2.1

Preliminary remarks

The aim of the present report is to identify centers of excellence in specific fields of science
and technology by publication and patent indicators. Centers of excellence comprise
universities and public research establishments as well as industrial companies. As companies
primarily strive for the private appropriation of knowledge, their number of publications is
modest, so that publications are not appropriate indicators for assessing their research output.
Against this background, the patent analyses complement the publication analyses with regard
to the structures of research in industry. In addition, patents are increasingly used in public
(non-profit) organizations, i.e., in universities and in public non-university research
organizations, so that the public entities can be analyzed by the two indicator sets of
publications and patents. In a simplified way, publications represent the orientation of public
research organizations towards basic research and the expansion of knowledge, patents their
orientation towards application and technological realization. Therefore, patents bring in an
additional dimension for the assessment of excellence also for public research organizations.
Patents are generally seen as output indicators of applied research and technological
development (Schmoch 1999a). They represent intellectual property rights and are thus legal
documents. The owner of a patent is given – for a limited period – the exclusive right to
exploit a technical invention commercially. In this perspective, competitors are excluded from
producing and selling on the basis of the invention for which a patent is granted. However,
through publication of the patent document, the competitors get access to the knowledge
linked to the invention and are stimulated to create own solutions for the problem in question.
Patent documents are published in paper form and are registered in public databases that can
be used for statistical analysis.
A patent application has to fulfill various criteria for being granted. First, the described
invention has to be new on a world-wide level. It is not sufficient that an invention is new for
the company or new in a specific country. Secondly, the new product or process must be
distinctly different compared to the state of the art, i.e., it must clearly imply an inventive
step. So for someone experienced in the state of the art, the solution suggested by the
invention must not be obvious. Thirdly, the invention has to be exploitable in commercial
terms. Scientific discoveries without a practical purpose are not patentable.
The third criterion implies that most patent applicants are industrial companies. This is
reinforced by the fact that patent applications are costly so that their issuance is only
reasonable, if a commercial exploitation is aimed at. Against this background, in most areas of
technology the relative number of patent applications individual inventors and research
institutes hold are quite small. However, in knowledge-based, research-intensive areas, the
participation of public research institutes and universities is often significant.
Patents are normally registered immediately after the invention is made. Clearly, if an
invention becomes public without a registered patent application, it is no longer possible to
achieve patent protection, as the invention is not considered to be new any more. Further, the
date of first registration, the date of priority, is important, in case a similar invention is
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registered by a competitor.3 In any case, the registration of a patent is closely linked to the
results of research and development having good prospects for commercial exploitation.
The priority or first application of a patent is generally made at the domestic patent office, as
this is the cheapest way of registration. Within a period of one year after submission the
applicant can decide to go abroad. This is necessary, if he is interested in patent protection in
foreign markets, because so far his patent has a national coverage only. The first choice for
European applicants is an application at the European Patent Office (EPO). At the EPO, a
central examination procedure is carried out that is valid for all member countries of the
European Patent Convention (EPC). If the patent is granted, the applicant has to transfer it to
all destination countries for achieving national protection.
The analysis proposed for this study is based on applications at the EPO. As the expenses for
an EPO application and examination are high, EPO applications represent inventions of high
technological and commercial value. Furthermore, the same legal rules apply for all
applicants so that a statistical distortion by specific national rules is avoided. The major bias
at the EPO can be seen in its different strategic relevance of the European market for
European countries and for overseas countries (USA, Japan, etc.). However, in this study,
only member countries of the European Union and associated states/candidate member
countries are examined in more detail.
In recent years, foreign applications are increasingly filed as an international application at the
World Intellectual Property Organization (WIPO) or as a PCT application (PCT = Patent Cooperation Treaty) (Schmoch 1999b). This is a central application procedure, often including a
preliminary examination. However, the relevant examination with respect to legal status is
made by the ‘destination offices’. The EPO can be a destination of a PCT application; the
respective applications are then called Euro-PCT applications. The proposed study will cover
direct applications at the EPO as well as Euro-PCT applications. In both cases, the
applications are published strictly 18 months after the priority date. This is a decisive
advantage compared to an analysis of patents at the United States Patent and Trademark
Office (USPTO), because only granted patents are published there, and the delay between
application and grant is uncertain and can be several years. 4
The above implies that in June 2002 a relevant number of EPO and PCT applications of the
invention/priority year 2000 is already available, whereas at the USPTO only the priority year
1996 is more or less complete (Schmoch 1999b, Barré et al. 2001). As the proposed project
aims at the assessment of the present performance of institutions, the USPTO data have to be
considered in fact too old. The consequence of this difference is illustrated in Figure 2.1-1 by
the example of a search for the term "nano" in early March 2002. Whereas the EPO and PCT
applications show a considerable growth of patent applications in Nanotechnology since
1996, this decisive increase does not shine up in the US data. This means for analytical
purposes that for recent years, the samples which can be identified are not representative at
all.
Since 2002, USPTO applications can also be published 18 months after the first application,
equivalent to the European ruling, but they must not be published at this time. This leads to a
mixture of early and late publications, and according to first statistical analyses, US inventors
still prefer late publications. Therefore, this study is exclusively based on EPO and PCT
applications. It can be assumed that important patent applications of US origin are also
registered at the EPO or the WIPO, so that they are included in the analysis.
3
4

These regulations apply to the European context; in the United States, the legislation is slightly different.
The publication rules at the USPTO have changed recently, but this has not had a visible effect on the
statistical data yet.
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Figure 2.1-1: Patent applications identified by the search term “nano” with open right-hand
truncation in the database World Patent Index, Search on March 10th, 2002
Source: WPINDEX (STN), computation by Fraunhofer ISI
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2.2

Definition of data sets

2.2.1 Basic rules of the sample definition for statistical analyses
The analyses of the present study refer to five areas of science and technology. In order to
achieve appropriate results for the mapping of excellence, an adequate definition of samples
referring to these areas is crucial. For this purpose, some basic rules of sample definition need
to be followed.
In database searches, it is nearly impossible to cover all patents5, as patents can appear in
unforeseen contexts. Therefore, the aim of a patent search is the definition of samples which
are statistically representative for the area considered. Therefore, the samples should be as
large as possible and include as few unsuitable documents as possible. This orientation
implies a major difference between statistical searches and novelty searches for legal
purposes, for instance, in the examination process of a patent application. The aim of legal
searches is to identify all relevant documents, even if they appear in unforeseen, marginal
contexts. Against this background, legal searches often include unsuitable documents, which
are excluded by a process of intellectual examination of each document covered by the
original sample. This can be realized in legal searches, as the search areas are more precisely
defined and much smaller than in statistical searches. In statistical searches, the number of
documents is much larger, so that they have to rely primarily on automatic searches without
detailed intellectual checks.
The principles of statistical searches are illustrated in Figure 2.2-1 wherein the light grey area
represents the complete document set of the technical area considered. The standard approach
5

The term "patent" includes "patent applications" and is used for simplifying the wording.
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in patent searches is to look at appropriate codes of the International Patent Classification
(IPC), by which the examiners of the patent office classify each patent application, so that a
high quality of classification can be assumed. Each patent document has at least one IPC
code, the primary code and often also a secondary code. In the case of the existence of
suitable IPC codes, it is strongly recommended to use primary and secondary codes in order
to achieve an optimal yield. The IPC is a hierarchical classification with 8 sections on the
highest level of aggregation covering all areas of technology (WIPO 2000). The next levels of
disaggregation are 22 sub-sections, 120 classes and 630 sub-classes. The finest classification
is made by groups and sub-groups with about 67,000 different items. All in all, patent
documents are generally classified in a very fine and accurate way. However, with regard to
new areas, the classification is less useful, because the IPC is revised, after lengthy processes
of international agreement, every five years only. For instance, the area of Nanotechnology
was introduced in the year 2000 with the 7th edition of the IPC, so that only documents
published after 1999 are included.
Figure 2.2-1: Illustration of data sets identified in statistical patent searches
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In general, the share of the complete technical area covered by IPC codes is very high, though
there are still relevant documents not encompassed. For finding additional documents,
keyword searches can be performed. It is important that keywords used in such additional
searches are unambiguous with reference to the area considered, so that exclusively relevant
documents are selected. In many cases experts in a specific field cite keywords which are
often used in their field, but also in other contexts. These keywords would lead to a too high
number of unsuitable documents, so that the sample would not be representative for the field
considered. This situation is illustrated in Figure 2.2-2 by the area of ambiguous keywords.
The same applies to ambiguous classes covering to a certain extent relevant documents, but
also documents of other areas.
In some cases, however, it can be useful to include ambiguous keywords or IPC codes, if the
share of unsuitable documents in limited and does not call the representativity of the total
sample into question. Furthermore, the precision of ambiguous keywords and IPC codes can
be improved by combining them with other keywords or IPC codes. This can be achieved by
the inclusion of positive associations (by intersection) or the exclusion of negative
23

associations. For instance, documents identified by a certain keyword are included only, if
they are classified in specific technical areas defined by IPC classes, or excluded if they
appear in other unsuitable classes. In the illustration of Figure 2.2-1, the final patent sample is
represented by documents with unambiguous patent codes and keywords6 highlighted in dark
grey color. This area covers the largest part of the total set of relevant documents, shown in
light grey.
Keyword searches in official patent documents published by national or regional patent
offices are generally less productive, as the legal requirements of disclosure with regard to
titles and abstracts are not very strict. If a search has to be based on keywords to a
considerable extent, it should be executed by the so-called World Patents Index (WPI) which
is produced by the company Derwent. The staff of Derwent prepares improved titles and
abstracts describing the technological content of each patent application. The effect of the
enhanced quality of the Derwent titles and abstracts may be illustrated by a search for the
term "nano" with right-hand truncation within EPO and PCT patent applications in the
priority year 1999. By a search in the official databases, about 200 documents are identified,
by a search in WPI about 800.
To sum up, patent searches are generally based on IPC codes complemented by keywords.
Statistical searches aim at the definition of representative samples and cannot cover all
relevant documents in most cases. It is decisive to avoid ambiguous IPC codes and keywords,
if the share of unsuitable, misleading documents is too high. Finally, it is important to look at
the use of appropriate databases in the case of keyword searches.
2.2.2 Nanotechnology
The conception of the search strategy for Nanotechnology proved to be quite complex, as the
specific IPC-subclass B82B for this field was introduced in the year 2000 and does not cover
former years. Therefore, it contributes only 10 percent of all documents identified. Against
this background, the strategy had to be built mainly on keywords. In order to circumvent the
problem of an accidental selection of keywords given by experts, all terms in the database
beginning with “nano” were listed. An expert in the field of Nanotechnology assessed for
each term whether it is used in the context of Nanotechnology and whether it indicates an
unambiguous relation to this field. In addition, the experts of the stakeholders' panel
contributed additional terms, in particular with regard to biotechnical applications. In some
cases, the keywords were specified by IPC classes or sub-classes. All search commands
contributed to the final result; no term dominates the output. However, the first three search
commands have, with about 20 percent, a relevant impact on the total output, although many
of these documents are also identified by other subsequent search terms. The first search
commands look for keywords such as "nanometre" and combine them with other
characteristic terms such as "size", "layer" "scale" etc. Terms such as "wavelength" are
excluded, as they appear in inappropriate contexts, in particular as “optical wavelength”. The
terms are combined by intersection (operator "and") in the title and by proximity indicators in
the abstract. The appropriate word order and distance was tested by looking at sub-samples of
about 50 titles and abstracts in order to verify the linkage to Nanotechnology and the reasons
why unsuitable documents are included. The aim of this check was to achieve an accuracy
rate above 95 percent. However, this is only correct for the sub-samples selected by chance
and cannot be guaranteed for the complete data set. A result of this check of sub-samples was,
for instance, that in the abstract, a distance of more than 2 words between the keyword pairs
implies a considerable increase of hits, but also an increase of incorrect documents, so that a
6

The case of keyword and patent code comibnations is not shown for reducing the complexity of the pictures.
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decision for the operator "2W" was taken. Obviously, it is not possible to include all
documents relevant for Nanotechnology without substantial "noise". Against this background,
it was opted for a restrictive definition of the first three search commands and to complement
the strategy by many other additional keywords. All in all, 2.600 patent applications were
identified for the field of Nanotechnology. This high yield could be only achieved by the use
of the WPI database due to its strength in key word searches (see Table A-6).
For Nanotechnology, the European Commission awarded a separate preparatory study (Meyer
et al. 2001) which suggested a sophisticated search strategy. It is based on the term "nano"
and excluded a list of inappropriate terms such as "nanosecond" or "nanoliter". By this
approach, about 2.100 documents were identified "of which 1301 were deemed relevant by at
least one expert" (Meyer et al. 2001: 20). They suggested as alternative approach to work with
keywords combined with "nano" and to assign weights to these keywords by experts (Meyer
et al. 2001: 42ff). This approach resulted in 315 documents only, and it is not clear how it can
be used for automatic database searches. The high share of less suitable documents is
primarily due to the poor keyword disclosure of official databases and to a less advanced
technique of keyword combinations. Nevertheless, it is obvious that also the strategy used in
this project can be improved by additional keyword combinations and additional validity
checks.
2.2.3 Lessons of the sample definition process
The experiences of this study show that the appropriate definition of samples is crucial for all
other downstream work steps. In new dynamic areas, it is not sufficient to exclusively build
the patent search strategies on IPC codes; rather keyword searches play a considerable role.
Therefore, it is important to use databases with good facilities for keyword searches, as
official database are less effective in this regard.
The remarks on the outcome of the preparatory studies should not be seen as criticism to their
authors, because they achieved substantial results within a short time. Rather, the less
encouraging outcome of their efforts shows that patent search strategies cannot be built as
side products of search strategies for publications, but require substantial knowledge of the
patent system, for instance, as to legal rules and classifications, and additional efforts to
achieve appropriate specific definitions.
The strategies must be developed in close interaction of experts in the fields and experts for
patent searches. The patent experts cannot be neutral with regard to the field content, but must
acquire sufficient knowledge about the field so that they are able to assess the relevance of
suggestions of the field experts and to identify appropriate IPC symbols. The setting of the
present project with short stakeholders' panel meetings and distributed field experts proved to
be less effective. The suggestions for keywords often came in too late or were contradictory.
In the project, we got substantial input from the external experts for the fields of
Nanotechnology and Bioinformatics, but only for some aspects.
For Nanotechnology, we awarded a specific sub-contract to a physicist for discussing the
relevance of keywords and IPC codes with the patent experts. In life sciences, experts of the
biotechnology department of Fraunhofer ISI were consulted in order to achieve suitable
decisions within at short notice. This approach was necessary to cope with the limitations of
time and funds in this project. An optimal approach would be the nomination of small field
expert groups of about 3-5 members each. They should meet at the institute of the patent
experts for discussing the field definitions. This first agreement is necessary, as in many cases
the definition of the field is fuzzy. In a second step, the experts can suggest keywords. The
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patent experts can explain the techniques of patent searches and comment on the precision of
the keywords suggested. As next step, the first suggestions for a search strategy can be
transferred into search strings and directly executed in databases, so that the output is
immediately shown to the patent and field experts. The accuracy of search terms can be
checked by titles and abstracts of sub-samples of documents. Then, by an iterative process,
the search strategy can be gradually improved. It is realistic to come to a final definition
within an expert meeting of about two days. By such an approach, it is possible to define
search strategies with high yield and accuracy with a limited amount of time and costs.
The in-house database at Fraunhofer ISI was constructed on a Microsoft ACCESS platform.
The database consists of 57.835 records whereof the distribution on the five areas is shown in
Table 2.3-1. There is a certain overlap between the fields, as illustrated by the example of
Figures 2.3-2 and 2.3-3. These records with multiple field references are included several
times in the database in order to facilitate the analysis process. All in all, the cooperation with
the EPO proved to be very helpful in solving the specific problems of the present project.

Table 2.3-1:

Total number of patent documents in the in-house database
Field

Number of patent documents

Nanotechnology

2623
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2.3

Data matching and data cleaning

2.3.1 Flowchart data generation/matching/cleaning
The major aim of the patent analysis is the identification of excellent institutions. Therefore it
is necessary to link the patent applications to specific laboratories/institutes. First, the analysis
serves for identifying industrial enterprises, as patents are more appropriate than publications
for this type of institution. However, in research-intensive fields, patents are also taken out by
public research establishments, so that specific efforts have been undertaken to look at them
in more detail. In the standard approaches of institutional analysis, an analysis of the patent
applicants is performed, i.e., of the applying firms. But scientific institutions will be involved
in a more complex way. As to non-university research institutions, a patent is generally
applied by the mother organization, not by the institute or laboratory. In the case of
universities,
•

sometimes the university – not the institute or department – appears as applicant,

•

sometimes the inventor himself, mostly the professor, is also the applicant,

• sometimes the property rights are transmitted to a firm which appears as applicant.
In the latter, very frequent case, the linkage to the university is only documented by the name
of the inventor. This means that applications of a company may originate in scientific
institutions, a fact which is not visible in the applicant field. Consequently, it was necessary to
identify the specific institutional affiliation of the inventors by additional methods. Against
this background, the patent analysis consisted of following working steps illustrated in Figure
2.3-1.
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Figure 2.3-1: Flowchart of working steps of the patent analysis

1) Definition of search
strategies

2) Transfer of publication
numbers to EPO

4) Extraction of institutional
information from inhouse
database

3) Reception of records
from EPO, construction of
inhouse database

5) Extraction and cleaning
of inventor names from
patent documents; input for
CWTS matching procedure

6) Transfer of matched
inventor-institution pairs
from SCI by CWTS

7a) Exclusion of
mismatches
7) Analysis of validity of
matched institutions
7b) Introduction of
successful matches in
further analysis

7c) Identification
of full matches

7d) Identification
of partial matches

8) Integration of SCI
institutions in inhouse
database; comparison with
institutions from applicant
and inventor fields

10) Institutional analysis of
patent applications

8a) Elimination of
redundant information

8b) Generation of full
institutional set

9) Automatic and non-autmatic
qualitative aggregation
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The flowchart presents ten major working steps:
1)
2)
3)

4)
5)
6)
7)

8)

9)

10)

The definition of search strategies has already been discussed in section 2.2.
The publication numbers identified by the search strategies were transferred to the EPO
which identified the referring patent documents in its database.
The EPO transferred files with the records of the patent documents to Fraunhofer ISI.
The record information was used to construct an in-house database with regard to the
five areas considered in this project.
The institutional information available in the records was extracted, in particular from
the applicant and also from the inventor field.
The inventor names were extracted and cleaned in order to transfer them to CWTS for
matching them with authors in the Science Citation Index (SCI).
CWTS linked the identified authors to their institutions and send this information back
to Fraunhofer ISI.
The validity of the matched institutions was assessed, mismatched institutions were
excluded, and the successfully matched institutions were separated into full and partial
matches.
The institutions identified by the SCI matches were integrated into the in-house
database. The new institutional information was compared with the already existing
information from the inventor and applicant fields. Redundant information was
eliminated; the final institutional set was generated.
The cleaned list of institutional entries had to be aggregated by an automatic and nonautomatic qualitative process, so that the number of patents per institution/ organization
could be generated.
On this basis, the complete institutional analysis of the patent applications could be
performed as final step.

The different steps will be explained in more detail in the following sections. If the analysis of
institutions by patents had been limited to enterprises, it would have been finished after the
first step (definition of search strategies) and complemented by a statistical online analysis of
the applicants. The additional steps were necessary to cope with the problem of identifying
scientific institutions in an appropriate way.
2.3.2 Interaction with European Patent Office
All search strategies described in section 2.2 were developed on the basis of the WPI
database, as in all of them, keyword searches are relevant. Furthermore, it is easier to check
the validity of search strings by the help of sub-samples, as the WPI records provide an
improved text disclosure compared to official documents. Figure 2.3-2 illustrates the content
of a WPI record whereof the title is already much more informative than the official title (cf.
Figure 2.3-3). The document is part of the samples for Genetics/heredity as well as
Bioinformatics. The reference to Genetics/heredity is based on the IPC code C12N015 (IC
field), the reference to Bioinformatics on the additional classification in the IPC sub-class
G06F. The WPI abstract shows that the inclusion of the document in the Bioinformatics
sample is justified. The WPI record additionally comprises legal information, e.g. the first
priority application at the USPTO (PRAI field) or the parallel applications at the WIPO, the
EPO, and the Japanese and Australian offices (PI field). The USPTO patent is not published
yet, due to the delay of the grant process (cf. section 2.1). In addition, the record contains data
on IPC codes (field IC), and inventors (IN) and the patent applicants (PA), but not the
nationality of the inventors or patent applicants/assignees. However, the information on the
national origin is important for linking the records to specific countries. Some researchers use
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the priority country for this purpose, but the example illustrates that this approach can be
misleading. The priority country of the example in Figure 2.3-2 is the United States, but the
inventors and the applicant are from France, as shown in Figure 2.3-3.

Figure 2.3-2: Example of a record in the WPI database
Source: WPINDEX (STN)
L1 WPINDEX (C) 2003 THOMSON DERWENT
AN 2000-038446 [03] WPINDEX
TI Novel secreted protein 5' expressed sequence tag sequences used in
diagnostic, forensic, gene therapy, and chromosome mapping procedures.
DC B04 D16 T01
IN DUCLERT, A; DUMAS MILNE EDWARDS, J; GIORDANO, J
PA (GEST) GENSET
PI WO 9953051 A2 19991021 (200003)* EN
C12N015-11
RW: AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE
W: AU CA JP US
AU 9930501 A 19991101 (200013)
EP 1068312 A2 20010117 (200105) EN
C12N015-11
R: AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU MC NL PT SE
JP 2002511259 W 20020416 (200242)
924p C12N015-09
ADT WO 9953051 A2 WO 1999-IB712 19990409; AU 9930501 A AU 1999-30501 19990409;
EP 1068312 A2 EP 1999-912007 19990409, WO 1999-IB712 19990409; JP
2002511259 W WO 1999-IB712 19990409, JP 2000-543599 19990409
FDT AU 9930501 A Based on WO 9953051; EP 1068312 A2 Based on WO 9953051; JP
2002511259 W Based on WO 9953051
PRAI US 1998-69047 19980428; US 1998-57719 19980409
IC ICM C12N015-09; C12N015-11
ICS C07K014-47; C07K016-18; C12M001-00; C12N001-15; C12N001-19;
C12N001-21; C12N005-10; C12N015-10; C12P021-00; C12P021-02;
C12Q001-68; G01N033-53; G01N033-566; G06F017-50
ICA G06F017-30
AB WO 9953051 A UPAB: 20000118
NOVELTY - Novel 5' expressed sequence tag (EST) sequences, corresponding
to human secreted proteins, are disclosed.
DETAILED DESCRIPTION - A purified nucleic acid (I), comprising one of
the 811 polynucleotide sequences given in the specification (and sequences
complementary to these sequences), is new. INDEPENDENT CLAIMS are also
included for the following: (1) A purified nucleic acid comprising at
least 15 consecutive nucleotides of (I). (2) A purified or isolated
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polypeptide (II) comprising one of the 788 polypeptide sequences given in
the specification. (3) A method of making a cDNA: (a) contacting a
collection of mRNA molecules from human cells with a primer comprising at
least 15 consecutive nucleotides of (I); (b) hybridizing the primer to a
mRNA in the collection that encodes the protein; (c) reverse transcribing
the hybridized primer to make a first cDNA strand from the mRNA; (d)
making a second cDNA strand complementary to the first cDNA strand; and
(e) isolating the resulting double-stranded. (4) A method of making a
cDNA: (a) obtaining a cDNA comprising (I); (b) contacting the cDNA with a
detectable probe comprising at least 15 consecutive nucleotides of (I)
under hybridizing conditions; (c) identifying a cDNA which hybridizes to
the detectable probe; and (d) isolating the cDNA which hybridizes to the
probe. (5) A method of making a cDNA comprising: (a) contacting a
collection of mRNA molecules from human cells with a first primer capable
of hybridizing to the polyA tail of the mRNA; (b) hybridizing the first
primer to the polyA tail; (c) reverse transcribing the mRNA to make a
first cDNA strand; (d) making a second cDNA strand complementary to the
first cDNA strand using at least one primer comprising at least 15
consecutive nucleotides (I): And (e) isolating the resulting
double-stranded cDNA. (6) A method of making a polypeptide comprising: (a)
obtaining a cDNA which encodes a polypeptide encoded by (I) or a cDNA
which encodes a polypeptide comprising at least 10 consecutive amino acids
of a polypeptide encoded by (I); (b) inserting the cDNA in an expression
vector such that the cDNA is operably linked to a promoter; (c)
introducing the expression vector into a host cell whereby the host cell
produces the protein encoded by the cDNA; and (d) isolating the protein.
(7) In an array of discrete ESTs or fragments thereof of at least 15
nucleotides in length, the improvement comprising inclusion in the array
of at least one sequence (preferably 5) selected (I), its complement or
fragments thereof comprising at least 15 consecutive nucleotides. (8) An
enriched population of recombinant nucleic acids, the recombinant nucleic
acids comprising an insert and a backbone, wherein at least 5% of the
insert nucleic acids in the population comprise a sequence selected (I),
its complement or a fragment thereof. (9) An antibody composition capable
of selectively binding to an epitope-containing fragment of a polypeptide
comprising a contiguous span of at least 8 amino acids of any (II). (10) A
computer readable medium having stored thereon (I) and (II). (11) A
computer system comprising a processor and a data storage device wherein
the data storage device has stored thereon a sequence selected from (I)
and (II). (12) A method for comparing a first sequence to a reference
sequence wherein the first sequence is selected from (I) or (II),
comprising: (a) reading the first sequence and the reference sequence
through use of a computer program which compares sequences; and (b)
determining differences between the first sequence and the reference
sequence with the computer program. (13) A method for identifying a
feature in (I) and (II), comprising: (a) reading the sequence through the
use of a computer program which identifies features in sequences; and (b)
identifying features in the sequence with the computer program. (14) A
vector comprising (I). (15) A host cell containing the vector of (14).
USE - The 5' expressed sequence tags (ESTs) and can be used for
producing secreted human gene products. They can be used to identify and
isolate 5' untranslated regions (UTRs) and upstream regulatory regions
which control the location, development stage, rat, and quantity of
protein synthesis, as well as stability of mRNA. The ESTs are also useful
as probes for chromosome mapping, and to obtain full length cDNA clones.
The ESTs can also be used in forensic procedures to identify individuals,
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or in diagnostic procedures to identify individuals having genetic
diseases resulting from abnormal gene expression. The products may also be
used in gene therapy protocols. The nucleic acids encoding the signal
peptide can be used for directing extracellular secretion of a polypeptide
or the insertion of a polypeptide into a membrane, or importing a
polypeptide into a cell. The proteins encoded by the EST sequences may be
useful in treating a variety of human conditions.
ADVANTAGE - Secreted proteins have therapeutic value, and the
identification of new secreted proteins is valuable. Prior art methods to
identify and characterize the 5' portions of such genes is limited, due to
lack of specificity and comprehensiveness. The present invention provides
5' ESTs which meet this nee, and can be used to easily identify and
isolate 5' potions of genes.
Dwg.0/10
TECH WO 9953051 A2 UPTX: 20000118
TECHNOLOGY FOCUS - BIOTECHNOLOGY - Preferred computer medium: The computer
system of (11) further comprises a sequence comparer and a data storage
device having reference sequences stored thereon. The sequence comparer
especially comprises a computer program which indicates polymorphisms. The
computer system of (11) even further comprises an identifier which
identifies features in the sequence. Preferred method: In the method of
(12), the step of determining differences between the first sequence and
the reference sequence comprises identifying polymorphisms.

Due to the complexity of the institutional affiliation, it was not possible to simply perform the
institutional analysis by the help of online databases. Rather, it was necessary to construct a
special in-house database where additional institutional information could be integrated and
analyzed. It would have been not useful to construct the in-house database by WPI records, as
they do not provide information on the nationality of inventors and applicants. In addition, the
download of WPI records is very expensive and would not have been covered by the available
project budget. Therefore, the European Patent Office was asked to provide the necessary
data. The EPO disposes of a broad patent file with records of various sources, including EPO
and international PCT applications. 7 These files called EPODOC and EUREG record the
official data, in particular the nationality of inventors and applicants. However, the content
quality of the titles and abstracts is poor, as they are prepared by the applicants. This
characteristic is not relevant for the present project, as the EPO data were not used for
keyword searches. Rather, Fraunhofer ISI executed the searches in the WPI database and
transferred the identified publication numbers to the EPO. The EPO matched the publication
numbers with their data set and transferred the records back to Fraunhofer ISI. The contents
of the EPO databases EPODOC and EUREG are similar with the major difference that
EUREG includes additional information on the legal status about the patent examination
process. In the project, the EUREG version was selected because the structure of the inventor
field allowed for an easier integration in an in-house database. Figure 2.3-3 documents the
EUREG version of the WPI record shown in Figure 2.3-2.

7

PCT = Patent Co-operation Treaty.
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Figure 2.3-3: Example of EPO's Document Structure

328/493 - (C) EUREG / EPO
PN - ---EP1068312--- A2 19991021 [2001/03]
PPN - ---WO9953051--- 19991021 [2001/03]
PR - ---US19980057719--- ---19980409--- ; ---US19980069047-----19980428--- [2001/03]
AP - EP19990912007 19990409
PAP - WO1999IB00712
XIC - C12N-015/11 ; C12N-015/10 ; C07K-014/47 ; C12P-021/00 ; C12Q-001/68 ;
C07K-016/18 ; G06F-017/30 ; G06F-017/50 [2001/03]
ET - 5' ESTS AND ENCODED HUMAN PROTEINS [2001/03]
INA - 01 / DUMAS MILNE EDWARDS, Jean-Baptiste / 8, rue Gr goire-de-Tours /
F-75006 Paris / FR
02 / DUCLERT, Aymeric / 6 ter, rue Victorine / F-94100 Saint-Maur / FR
03 / GIORDANO, Jean-Yves / 12, rue Duhesme / F-75018 Paris / FR
[2001/03]
PAA - FOR ALL DESIGNATED STATES
GENSET
24, rue Royale
75008 Paris/FR [2001/03]

2.3.3 Extraction of institutional information from EPO data
The raw data files from EPO were prepared for further analysis at both the document and the
institutional level. Both aspects are discussed in the following sections.
2.3.3.1 Applicant/inventor information at the document level
First of all, the data files were cleaned for patent applicants from the USA, Japan and other
countries leaving a total number of documents with applicants and inventors respectively
from EU and associated countries as depicted in Table 2.3-2.
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Table 2.3-2:

Total number of patent documents with applicants or inventors from EU and
associated countries

Nanotechnology

Applicant-determined documents
1107

Inventor-determined
documents
1159

Total number
1201

The total number of patent documents used for further analysis was on the union of
documents of the applicant and the inventor sets which gives the number of patent documents
where at least both one patent applicant and/or one inventor come from EU and/or associated
countries. Consequently, this number is smaller than the sum of the inventor and the applicant
sets. We will generally refer to this union of documents.

2.3.3.2 Applicant/inventor information at the institutional level
Not only patent documents can be treated as units of analysis but also institutional entries in
these documents. Therefore, the number of applicants and inventors in patent documents were
counted. As presented in Table 2.3-3, there is abundant information with regard to these two
sources of information. In Table 2.3-3, the applicants and inventors are counted several times,
if they appear in more than one document. So, the number of applicants in Table 2.3.3 his
higher than the number of documents in Table 2.3-2, as in some patents have multiple
applicants. Data entries from the applicant field give full information about an applicant. In
contrast, the inventor field gives, in principle, only the full name of the inventor without
systematic provision of institutional information.

Table 2.3-3:

Number of applicant and inventor entries in patent documents

Nanotechnology

Applicants

Inventors

1250

3348

2.3.4 Extraction of inventor/author names
As already explained in section 2.3-3, public research institutions often do not appear as
patent applications, even if they are the actual origin of an invention. Rather, patents are
applied by private companies or the individual researchers. In order to show these hidden
linkages to public research institutions, the inventor names were matched with author names
in the Science Citation Index (SCI) which records their institutional affiliation. Therefore, the
next analytical step was to extract inventor names, to clean them if necessary, to store them in
a separate file and to send them to CWTS as input for a matching procedure with the Science
Citation Index.
2.3.4.1 Coping with spelling errors
A closer look at the data from the EUREG file of the EPO revealed a high number of spelling
errors in the inventor field (INA, see Figure 2.3-4). For correcting these errors, the inventor
data were uploaded into a particular Table with separate columns for surname, primary first
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name, institutional affiliation8, town, postal code and country. As shown in Figure 2.3-4, in
some inventor fields, parts of the scientist's full name or address are spelled incorrectly or are
even incomplete. Many languages use vowel and consonant mutations (such as the German
umlauts ö, ü, ä; the French accents é, è, ç; or the Czech c, g) that have adequate and
comprehensive spelling codes neither in patent databases nor in common character sets used
for data storage (e.g. ASCII, OEM, ISO, ANSI). Hence, the data from EPO was first
standardized by using special text editor software (EditPad Classic 3.5.3). Second, remaining
misspellings were identified and rectified by using an in-house text editor tool and a manual
case by case procedure. Data was cleaned as far as possible, but due to time and budget
constraints perfectly cleaned data cannot be expected to emerge from this step of analysis.
The main effort was invested into identifying and rectifying common error types, less
attention was paid to very particular, low number types of errors. It can be assumed that at
least 90 percent of the spelling errors in the inventor names were corrected. As to potential
follow up activities, this effort for cleaning inventor names has to be taken into account.

8

Somtimes, the institutional affiliation is documented in the inventor field (see further below).
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Figure 2.3-4: Selected examples of spelling errors in EPO documents
(highlighting by Fraunhofer ISI)

647/21507 - (C) EUREG / EPO
INA - 01 / NEUNER-JEHLE, Martin / 3, rue de la Gruerie / F-91100 Gif Sur
Yvette / FR
02 / VAN DEN BERGHE, Loic / 6bis, rue de Viroflay / F-75015 Paris / FR
03 / BONNEL, S‚bastien / 1, rue Maublanc / F-75015 Paris / FR
04 / UTEZA, Yves / 32, rue Henri Barbusse / F-94800 Villejuif / FR
05 / MENASCHE, Maurice / 7, ruelle des Oulches d'H‚rivaux / F-95400
Villiers Le Bel / FR
06 / DUFIER, Jean-Louis / 149, rue de SUEvres / F-75015 Paris / FR
07 / ABITBOL, Marc / 36bis, rue Balard / F-75015 Paris / FR

685/21507 - (C) EUREG / EPO
INA - 01 / BILL, Roslyn / Danska v"gen 15 / S-463 71 L"d"se / SE
02 / BOLES, Eckhard / Roentgenweg 5 / 40591 Dusseldorf / DE
03 / GUSTAFSSON, Lena / Vitmossegatan 12 / S-431 69 M"lndal / SE
04 / HOHMANN, Stefan / Norra H"cks"b"cksv"gen 46 / S-443 32 Lerum / SE
05 / LARSSON, Christer / Kik sgr"nden 23 / S-431 64 M"lndal / SE
06 / OTTERSTEDT, Karin / Sterlingsgatan 2A / S-414 81 G"teborg / SE

3508/21507 - (C) EUREG / EPO
INA - 01 / FUCHSBERGER, Norbert / Institute of Virology, Dobravsk 9 / 84246
Bratislava / SK
02 / HAJNICK , Val‚ria; / Sl dkovi&ccaron;ova 2 / 811 06 Bratislava /
SK
03 / KOC KOV , Paula / Institute of Virology, Dobravsk 9 / 84246
Bratislava / SK
04 / SLOV K, Mirko / Institute of Zoology, Dobravsk 9 / 84206
Bratislava / SK
05 / GA&Scaron;PER K, Juraj / Odbor rske N m. 2 / 81108 Bratislava / SK

2.3.4.2 Transfer format
After successful data cleaning, field-specific lists of inventors were filed to CWTS. As
illustrated in Figure 2.3-5, every inventor name was linked to an ID code, to his or her country
of origin and further address information. The ID code was necessary for being able to re-link
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information sent back by CWTS to the original patent file. All in all, more than 51.000 names
were extracted, cleaned and sent to CWTS.
Figure 2.3-5: List of inventors (extract)
16283-9
14713-2
16724-2
5429-2
8747-2
2722-1
8491-2
8800-2
2667-4

AALKJAER, Christian
AALTONEN, Johanna
AANDAHL, Einar, Martin
AAPOLA, Ulla
AARNOUDSE, Corlien, A.
AARSKOG, Nina, K.
AASE, Karin
AASE, Karin
AASE, Karin

DK
FI
NO
FI
NL
NO
SE
SE
SE

DK-8220 Brabrab
FIN-00400 Helsinki
N-2600 Lillehammer
FIN-33720 Tampere
NL-2224 XM Katwijk
N-5700 Voss
S-171 77 Stockholm
S-17177 Stockholm
171 77 Stockholm

2.3.5 Linkage of inventor names and institutions in SCI
As to the match of inventor names to author names in the SCI, different approaches were
tested. The following selection criteria proved to be the most appropriate:
•
•
•
•
•
•

Match with publications of the period 1996 to 2002
Match with publications in the area considered.
Match of surname and initial of primary first name
Match of author and inventor country
Match of first authors in case of publications with multiple institutions
Match of all authors in case of publication with one institution

The aim of the matching process was to achieve as many matches as possible, on the one
hand, and as precise matches as possible, on the other hand. The limitation on the publication
period is necessary to refer to scientific activities at the time as the patent applications issued;
otherwise the danger of inaccurate matches is too high. A search in the total SCI leads to a
high number of inappropriate matches due to many identical names in other research fields.
With the restriction to the specific area, the quality of match improves considerably. It was
not possible to look for the full first names of the authors, as the SCI only documents the
initials of the first names. In the case of multiple first names, they are registered in a
systematic way neither in patent applications nor in publications. Therefore, a restriction of
the match on the initial of the primary first name was unavoidable. It proved to be less useful
to match the city of inventors and authors, as patents generally document the private address
and publications the institutional one. It cannot be assumed that all authors live in the city of
their institution, so that the match of the country was the only reasonable solution. In case of
multiple authors and institutions, the SCI only allows for a clear reference between the first
author and the first institution. However, if only one institution is indicated, all authors can be
referred to it. All in all, the combination of the different matching criteria led to satisfying
results.
Fraunhofer ISI received the matched data from CWTS in a format illustrated in Figure 2.3-6.
The first column displays all first names, the second column shows the surname and the
truncated initial of the first names used by CWTS as input for the matching process in SCI
("%" stands for open truncation), the third and fourth column gives the author name and the
institutional affiliation respectively, as retrieved in the SCI.
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Figure 2.3-6: List of matches for inventors (extract)
Johanna
Ulla
Nina K
Pierre
Nacer Eddine
Sonia
Marc

AALTONEN J%
AAPOLA U%
AARSKOG N%
ABAD P%
ABBAS N%
ABDELHAK S%
ABITBOL M%

AALTONEN J
AAPOLA U
AARSKOG NK
ABAD P
ABBAS N
ABDELHAK S
ABITBOL M

FINLAND/HELSINKI/NATL PUBL HLTH INST
FINLAND/TAMPERE/UNIV TAMPERE
NORWAY/BERGEN/UNIV BERGEN
FRANCE/ANTIBES/INRA
FRANCE/EVRY/AVENTIS
FRANCE/PARIS/INST PASTEUR
FRANCE/PARIS/UNIV PARIS 05

The data in Figure 2.3-7 give an impression how many inventor names could be matched in
SCI. For nanotechnology, about one third of the inventors was matched in SCI.

Figure 2.3-7: Matched inventor names in SCI
(all fields, total numbers and percent)
21000
20000
19000
18000
17000

Inventor names sent to CWTS

16000
15000

Inventor names matched by CWTS

14000
13000
12000
11000
10000
9000
8000
7000

26%
33%

6000

64%

5000
4000
3000
2000

39%

1000

21%

0
Genetics

Neurosciences

Immunology

Bioinformatics

Nanotechnology

2.3.6 Qualitative analysis of matched CWTS inventorinstitution pairs
Before implementing CWTS matching results into the Fraunhofer ISI in-house database, an
extensive qualitative analysis had to be carried out in order to ascertain whether the matched
pairs could be used for further analysis. For this purpose a threefold classification scheme was
applied which allowed inventor-institution pairs to classify into "non-match", "partial match"
and "full match". This analysis was carried out by a qualitative analysis of all cases.
2.3.6.1 Matches and non-matches
First, it had to be examined whether CWTS matches were either non-matches and had to be
excluded from further analysis, or whether the matched inventor-institution pairs qualify for
further steps of analysis. Table 2.3-4 shows two instructive examples of non-match and a
match cases. The first example (Andersen) displays a case in which the initials of all first
names do not correspond to SCI initials. A correct match would have been "Andersen LN".
Such cases were given the code "non-match" and were not considered anymore. The second
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example (Aaltonen) displays a case where the SCI initial corresponds perfectly to the capital
letter of the first name. Such cases were given the code "match" and were implemented in the
in-house database.

Table 2.3-4:

Non-match and match examples of inventor/author names

First names in patent

Truncated name in SCI

Matched name in SCI

Lene Nonboe

ANDERSEN L%

ANDERSEN LW

Johanna

AALTONEN J%

AALTONEN J

2.3.6.2 Partial and full matches
Within the group of matches, two different types were differentiated. First, there were "full
matches" such as the Aaltonen case in Table 2.3-4, where the initials correspond fully to the
first names. Second, there are "partial matches" with small deviations between initials and
first names. Consider Table 2.3-5 for three common examples of "partial matches".
The first example in Table 2.3-5 (Andersson) shows that the matched initial "M" is
incomplete, as the initials of the first names are "MK". These cases, however, cannot be
classified as "non-match" since it seems very plausible that "Maria Kristina Andersson" has
mentioned only her primary first name in the publication document. In the light of other clues
"M" seems favorable though: a second match gives "ML" as initials and is certainly a "nonmatch". Therefore, Karolinska Institute at Stockholm appears not to be the correct
institutional affiliation of the person examined, but University Gothenburg has a high
probability to be a match and is used for implementation into the in-house database, classified
as "partial match".

Table 2.3-5:
First names
in patent

Partial matches from SCI (extracts)
Truncated name
in SCI

Matched name
in SCI

Maria Kristina ANDERSSON M% ANDERSSON M

Matched institution in SCI
SWEDEN/GOTHENBURG/UNIV GOTHENBURG

Maria Kristina ANDERSSON M% ANDERSSON ML SWEDEN/STOCKHOLM/KAROLINSKA INST
ChristopheJR

ANDRE C%

ANDRE C

FRANCE/RENNES/UNIV RENNES 1

Catherine

ANDRE C%

ANDRE C

FRANCE/RENNES/UNIV RENNES 1

Joseph

COHEN J%

COHEN JL

FRANCE/PARIS/UNIV PARIS 06

Jose

COHEN J%

COHEN JL

FRANCE/PARIS/UNIV PARIS 06

Jean

COHEN J%

COHEN JL

FRANCE/PARIS/UNIV PARIS 06

The second example in Table 2.3-5 (Andrec) displays a case where an institution has a good
chance to be a "full match" for two persons. As can be seen, the initial "C" might refer to
"ChristopheJR" or "Catherine". Though the latter person appears as a better match, both
persons live in French-speaking areas (Belgium and France), and both might work for
University Rennes 1. Because one cannot determine the "correct/true” person, it was decided
to use both, but to treat them as "partial matches".
39

The third example in Table 2.3-5 (Cohen) combines the second and third matching problem.
Hence, both the matched initial does not correspond perfectly to the initial of all first names,
and there is more than one person whom the institutional affiliation might refer to. Compared
to the second example, however, matched initials are "overcomplete" insofar as they indicate
the existence of a second first name that cannot be found in the patent document. Again, as in
case three, the home town of the inventor gives no additional clue as to the "true" inventor.
Consequently, it was decided, too, to attach the label "partial matches" to these three persons
and to implement them into the Fraunhofer ISI in-house database.
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2.3.6.3 Results for all types of inventor-institution matches
The count of non-matched and matched inventor-institution pairs shows that the CWTS
matching procedure can be deemed as an overall success. As shown in Figure 2.3-8, for
Genetics/heredity, Nanotechnology and Immunology about eighty percent of the inventors
could be properly assigned to an institution in SCI.

Figure 2.3-8: Non-matches and matches (inventor-institution pairs) across all fields (percent)
100%

80%

60%

Matches
Non-matches

40%

20%

0%
Genetics
(N=6167 pairs)

Neurosciences
(N=5458 pairs)

Immunology
(N=7293 pairs)

Bioinformatics
(N=80 pairs)

Nanotechnology
(N=1303 pairs)

A detailed Table with all relevant numbers can be found in the Annex of the report.

41

Figure 2.3-9: Non-matches (inventor-institution pairs) across fields and countries (total
number)
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The authors of this study could not examine systematically the reasons underlying the fieldand country-specific distributions of matches and non-matches. However, the high numbers of
non-matches for the United Kingdom call for further explanation. We suggest two answers:
First, an inspection of the UK data reveals that British scientists list their second and third first
names (and their initials respectively) more often in patent documents than their continental
colleagues. Consequently, as there are more combinations of both initials and full names, the
probability to have a non-match increases for British researchers. Second, this finding is
reinforced by the above average coverage of English-language journals in the SCI (see Grupp
et al. 2001) which enlarges the stock of potential British authors and thus, leads to a further
increase of the probability for non-matches in the British case.
To give an instructive demonstration of this phenomenon, consult Table 2.3-6 where for the
common family name "Brown" three first name variations are considered. For the truncated
initial "A" there are five possible matches in SCI, namely "A", "AJ","AF","AK" and "AJP".
These five entries occur ten times because there are two persons, "Andrew James" and
"Anthony M". As "AJ" is a full match for the former, and "A" a partial match for the latter
(each refers to one patent document, indicated by the ID code), eight non-matches remain to
be deleted. Likewise, there are six non-matches for "Daniel" because two out of three
combinations of initials (all are partial matches) must be removed from further analysis. For
other countries, such as Germany, France or Sweden, these types of non-matches occur to a
much smaller extent. To sum up, the high number of non-matches for the UK can be
attributed to the extensive use of initials, second and third first names as a cultural peculiarity
and is reinforced by the high coverage of the English-language journals in SCI.
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Table 2.3-6:
ID code

Non-matches (inventor-institution pairs) across fields and countries
First names in Patent

Truncated name in SCI

Matched name in SCI

15256-1
15256-1
15256-1
15256-1
15256-1

Andrew James
Andrew James
Andrew James
Andrew James
Andrew James

BROWN A%
BROWN A%
BROWN A%
BROWN A%
BROWN A%

BROWN AJ
BROWN AJP
BROWN AF
BROWN A
BROWN AK

17871-1
17871-1
17871-1
17871-1
17871-1

Anthony M
Anthony M
Anthony M
Anthony M
Anthony M

BROWN A%
BROWN A%
BROWN A%
BROWN A%
BROWN A%

BROWN AJ
BROWN AJP
BROWN AF
BROWN A
BROWN AK

11128-3
21013-1
21014-1
11128-3
21013-1
21014-1
11128-3
21013-1
21014-1

Daniel
Daniel
Daniel
Daniel
Daniel
Daniel
Daniel
Daniel
Daniel

BROWN D%
BROWN D%
BROWN D%
BROWN D%
BROWN D%
BROWN D%
BROWN D%
BROWN D%
BROWN D%

BROWN DM
BROWN DM
BROWN DM
BROWN DT
BROWN DT
BROWN DT
BROWN DJ
BROWN DJ
BROWN DJ

With regard to full and partial matches, the results of the matching procedure seem, too, an
overall success (Figure 2.3-10). Apart from Bioinformatics with none, and Nanotechnology
with 9 percent, partial matches are evenly distributed around 18-19 percent across fields. This
means that at least more than eighty percent of all matched inventor-institution pairs are
unambiguous ones. Among the countries with most partial matches, again the UK, Germany
are the most important ones and also, at some distance, France the Netherlands and Denmark
(Figure 2.3-11). The overall distribution of partial matches seems not to diverge distinctly
from the distribution of non-matches. Apart for the aforementioned reasons as to the UK, no
evidence for a systematic pattern of the distribution of partial matches across fields and
countries could be identified. A detailed Table with all relevant numbers can be found in the
Annex of the report.
To conclude, non-matches are not equally distributed by field and country and the share of
non-matches is relevant, so that this additional non-automatic check must be carried out to
achieve reliable results.
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Figure 2.3-10: Full and partial matches (inventor-institution pairs) across all fields (percent)
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Figure 2.3-11: Partial inventor-institution matches across countries and fields (total number)
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2.3.7 Implementation of matched inventor-institution pairs into the in-house patent
database
Fraunhofer ISI implemented all full and partial CWTS inventor-institution matches into its inhouse database. In addition to CWTS matches, institutional information from the
aforementioned inventor field was taken systematically into account, for this field was found
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to contain a relevant number of institutional data entries. As an example consult Figure 2.3-12
depicting that "Lorenz Poellinger" works at "Karolinska Institutet" (extract from original EPO
document), i.e., the inventor does not indicate his or her private address, but the address of his
institution in this specific patent document. This extraction of institutional information from
the inventor field had again to be done by a non-automatic process, as only a limited share of
inventors record their institutional address, and if available, the institutional address has not a
standard format. Therefore, this extraction was quite labor-intensive.

Figure 2.3-12: Example of institutional information in INA field (extract from original EPO
document)

1451/22724 - (C) EUREG / EPO

PPN - ---WO0212326--- 20020214 [2002/15]
PR - US20000223480P 20000807
AP - EP20010970061 20010807
PAP - WO2001IB01775
XIC - C07K-014/47
ET - MECHANISM OF CONDITIONAL REGULATION OF THE HYPOXIA-INDUCIBLE
FACTOR-1
BY THE VON HIPPEL-LINDAU TUMOR SUPPRESSOR PROTEIN
INA - 01 / POELLINGER, Lorenz / Karolinska Institutet / S-171 77 Stockholm /
SE
02 / PEREIRA, Teresa / Karolinska Institutet / S-171 77 Stockholm / SE
03 / RUAS, Jorge / Karolinska Institutet / S-171 77 Stockholm / SE
PAA - FOR ALL DESIGNATED STATES
Angiogenetics Sweden AB
P.O. Box 440, Medicinaregatan 7B
405 30 Gothenburg/SE

2.3.7.1 Proceeding of implementation
Institutional data both available in the inventor field and extracted from SCI make up a pool
of institutional information that was examined systematically. The screenshot of the MS
Access interface (Figure 2.3-13) depicts from top to down the applicant institution entry, or
source 1 ("Applicant Field..."), institutional information derived from SCI, or source 2
("Institutional Affiliation...(SCI)") and finally, institutional information as available in the
inventor field of the patent document, or source 3 ("Institutional Affiliation...Document").
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Figure 2.3-13: MS Access interface screenshot for determining institutional affiliations of
patent document 71 in Nanotechnology

First, it was checked whether there is any additional information at all. For source 2 and
source 3 in Figure 2.3-13 there are two entries that can be considered for further analysis. The
inventor-institution couples yielded by SCI generates the same information as was available
in the applicant field, namely "Institut für neue Materialien GmbH Saarbrücken, Germany". In
contrast, there is additional institutional information in the inventor field, or source 3:
"TeraHertz Photonics" which could be implemented ("include"-box is ticked).
Secondly, for implementing new institutional information from the second and third source,
some rules were applied regarding the level of institutional aggregation:
• Universities are taken at the organization level (e.g., University of Brussels), not the

faculty or department level.
• For non-university research organizations the institute's level is taken instead of the

umbrella organization (e.g., for Germany "Fraunhofer-Institute for Biomedical
Engineering" is used instead of "Fraunhofer-Gesellschaft zur Förderung der angewandten
Wissenschaften", and for France "CNRS Institute de Biologie de Lille" is taken instead of
"CNRS").
• Private corporations are taken at the organization level.

Further, rules were applied with respect to the data used for the analysis in case of identical
institutional information:
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• In case of identity of source 1 (applicant field) and source 2 (inventor field), the former is

chosen.
• In case of identity of source 1 (applicant field) and source 3 (SCI match), the former is

chosen.
• In case of identity of source 2 (inventor field) and source 3 (SCI match), the latter is

chosen.
These procedures were carried out for every patent document, every field of science and every
country. Because the systematic check of informational overlap, by definition, could not be
operated by a computer program, a qualitative analysis had to be carried out. The whole
procedure comprised many ten thousand manual checks!
2.3.7.2 Data redundancy
Data redundancy occurs less often within the applicant field, but for source 2 and 3, either
because the inventors work at the same institution yielding one institutional information
element out of two or more data entries (case 1). In other records, institutional affiliations
identified in the inventor field or the SCI reproduced an already existing institution from the
application field (case 2). Examples for both, case 1 and 2 are presented in Figure 2.3-14 and
2.3-15.
Figure 2.3-14: Data redundancy, case 1: Two inventors work at the same institution

Figure 2.3-15: Data redundancy, case 2: SCI-extracted institution reproduces information
from applicant field
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2.3.7.3 Results of the implementation process
Figure 2.3-17 displays the share of institutional information at the outset of the exercise and
the final distribution respectively. Information concerning the applicant field is provided in
the dark grey area, while the bright grey shows the relative amount of institutional entries
available in the inventor field. The amount of inventors, for which no further institutional
affiliation could be found in patent documents, but which were full or partial matches with
SCI are displayed in the white dotted area (see legend).
The cleaning process reduced the number of data entries considerably, mainly due to
redundant information. In sum, data redundancy leads to a reduction of data entries of 30% in
nanotechnology.
Results from the starting set suggest that data both from the inventor field in patent documents
and matching with SCI yield considerable additional information. Between a third and a half
of all institutional information stem from sources other than the applicant field. This holds
also after deleting redundant information. To conclude, the systematic use of institutional data
from the SCI makes available new information to a considerable, but varying degree.
Figure 2.3-17: Results of the implementation procedure as to the source of institutional
information
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80%

Full or partial
match with SCI

60%

Inventor field
40%
Applicant field
20%

0%
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Bioinformatics
(N=173)

Nanotechnology
(N=1657)

It is important to note that institutional information from the inventor field is highly redundant
to inventor-institution matches from the SCI and also to the applicant field. Therefore, the
share of additional inventor field information yielded 1 percent for Nanotechnology.
The overlap was particularly substantial between SCI matches and institutional information in
the inventor field. For Genetics/heredity a manual check produced an overlap of over 60
percent between these two sources. First, this points to a considerable validity of the SCI
match, for information from the inventor field is treated as redundant only for identical
inventor-institution pairs in SCI.
Secondly, with regard to future mapping projects, a systematic exploitation of the inventor
field seems not to be recommendable. As the additional institutional information varies
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between 1 and 7 percent, extensive efforts to retrieve such information manually from the
inventor field appear not to be justified. Future studies should rely solely on institutions from
the applicant field and from the SCI. Also in this case, a systematic comparison of both
sources as to redundancy can be regarded as useful, but the necessary amount of work will be
considerably reduced compared to the integration of three sources.
2.3.8 Aggregation and categorization of institutional entries
For mapping excellent research entities, it is necessary to show the total number of patent
applications for each institution. However, after the cleaning and matching on the level of
institutional entries, it is still not possible to show this specific information. For this purpose,
an additional working step has to be executed, the aggregation of the institutional entries. To a
large extent, the institutional entries are identical and can be easily aggregated. But in various
cases, there are small spelling differences or the institutions appear in quite different versions,
as they were introduced from different sources. For instance, the applicants in the patent
databases refer to the national languages, whereas in the Science Citation Index (SCI), all
institutional names are transferred into an English-language version. For a unified
presentation, all versions linked to the same institution have to be brought together and the
referring patent applications have to be added up. This process has to cope with several
problems.
•

The institutional versions in different languages have to be fit. As in the project, 32
countries were covered, this is sometimes quite problematic.
• In various cases, different units of an institution/organization appear in the database of
institutional entries. For instance, many university clinics have specific names and the
decision is needed whether they are independent units or are sub-units of the universities;
or the names of various firms do not directly show that they are affiliations of larger
companies.
• In some cases, patents originating from universities are taken out by license or transfer
units which appear as applicants.
For solving this problem of institutional aggregation, specific expertise is needed, in particular
specific knowledge on the national innovation systems. Therefore, we asked the members of
the High Level Group (HLG), to support us in the unification of the institutional entries. The
representatives of many countries agreed to clean the institutional lists referring to the area
Nanotechnology (countries). We sent an institutional, country-specific list to each national
expert with a detailed explanation how the data should be unified.9 The data for all missing
countries and the missing three areas were unified by experts of Fraunhofer ISI, partly based
on own experience, partly on manuals and information from the Internet. In addition, the
Fraunhofer experts checked the output of the national experts with the result that in most
cases, only minor oversights were detected due to the very high number of institutions. The
specific knowledge of the experts on the national institutional structures leads to a high
quality of the results. In some cases, however, a complete revision was necessary. As to the
institutional aggregation, the same rules were applied as in Section 2.3.7.
The decision for an institutional aggregation at the university level was taken, as in many
cases in the inventor fields or the SCI, the university is given and not the sub-unit.
Furthermore, many departments or centers of universities appear with different names so that
the exact association is problematic. In the case of non-university organizations, the linkage to
institutes/centers is much clearer and only difficult in few cases. In particular, the
disaggregation of the French CNRS, the Italian CNDR and the Spanish CSIC proved to be
9

This explanation is documented in the Annex.
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delicate, but in general, this lower level was useful to illustrate the regional distribution of
research activities. The amount of work in this step is shown in Table 2.3-7.
As to further activities, we see no realistic alternative to this step of non-automatic qualitative
institutional aggregation, as substantial knowledge on the institutional structure of specific
national innovation systems is needed.
Table 2.3-7

Data volume processed in different working steps

Level of aggregation

Nanotechnology
10

Number of applicants

1250

Number of institutions after matching
process
Number of institutions after automatic
aggregation

1657

Number of institutions after nonautomatic qualitative aggregation
Number of patent applications

2.4

848

712

11

1038

Conclusion of the patent analysis

Patents prove to be a powerful tool for identifying industrial enterprises actively engaged in
specific fields. As companies do not publish in journals to a large extent, patents are the
easiest way for showing up excellent research centers in an industrial context. However, it has
to be taken into account, that enterprises may follow different patent policies leading to
different propensities to patent. Therefore, the number of patent applications cannot be taken
as a strict ranking criterion. Nevertheless, companies actively engaged in excellent research
will always apply for a relevant number of patents and get visible by patent indicators. For a
more detailed analysis, it will be helpful to collect additional data such as R&D budgets for
top companies identified by patents. Furthermore, the company lists should be differentiated
according to large and small enterprises so that the activities of excellent small companies can
be highlighted and do not disappear in comparison with large enterprises.
With regard to public non-profit institutions, in particular universities and non university
research institutes, patents proved to be more relevant than expected. In all areas, at least 50
percent of all patent applications originate from non-profit institutes. This finding brings in a
completely new perspective on the role of publicly funded research in the generation of
technology, at least in research-intensive areas such as Nanotechnology. For up to now,
analyses for all technologies found average shares of university patents of 4 percent (Becher
et al. 1996: 42) and additional 3 percent of other public research institutions (Schmoch et al.
2000: 24ff). Against this background, the major impact of public research on the generation of
technology was primarily attributed to indirect mechanisms such as the information on new
trends of science or the transfer of new concepts through publications or informal meetings
(cf., e.g., Salter/Martin 2001). The data of this report show that public research is directly
10
11

Including independent inventors.
Without independent inventors.
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engaged in technology generation to a considerable extent. The progress of technology
development would be insufficiently recorded, if exclusively companies were considered.
This finding justifies the considerable additional effort in this project linked to the
identification of patents originating from public research.
A more detailed analysis of public research institutes shows that excellent performance is not
exclusively reflected in high numbers of publications and referring citations. Some relevant
field studies came to the result that within research areas, most institutes specialize either in
basic research or in applied research (Schmoch 2003: 251). There are only few institutes
which manage to be excellent in both dimensions (Laredo 1999). Therefore, several public
research institutes can be identified as excellent by patent indicators which would have been
overlooked by a pure analysis of publications. Due to the high patent activity of public
institutions, the absolute number of patent applications on the institutional level is sufficiently
high to get statistically relevant data.
With regard to public institutions, the ratio of patents to publication referring to an institution
proved to be a good indicator to characterize its orientation towards applied research
independently of its size. The initial thesis of largely varying patent cultures in different
countries and consequently largely varying propensities to patent could not be confirmed, so
that this indicator is even suitable for international comparisons. The major methodological
problem linked to this indicator is the substantial effort which has to be invested in the
institutional cleaning/matching of the patent and in particular the publication data, and the
appropriate institutional match of the publication and patent data. As to industrial enterprises,
the quotient of patents and publications is less meaningful, as their publication activities are
too erratic.
For further analyses, the identification of public research institutions can be made with less
work expenditure, as the extraction of institutional data from the inventor field primarily
yields redundant information to the SCI data. So all working steps linked to the institutional
inventor data can be left out. Furthermore, a recent OECD study came to the conclusion that
at present, public research organizations are not active patent applicants, but that in many
OECD countries, the policies on ownership of intellectual property are being redefined in two
ways. First, in several European OECD countries reviewed or modified ownership rules
regarding inventions now provide incentives for public research institutions to apply for
patents instead of leaving ownership rules in the hands of individual employees (mainly
university professors). Apart from legal changes, there is, secondly, an increasing awareness
of and support for technology transfer, especially among public research institutions (OECD
2003). As these changes have made the way free for public research institutions to pursue
patenting more actively, they will appear in the applicant field of patent documents more
often. Thus it will be possible, in a midterm perspective, to assess the patent activities of
public research organization to a large extent by the direct exploitation of applicant lists.
In the concrete work, the appropriate definition of patent samples is decisive for all
subsequent steps. Search strategies should be conceived in close co-operation of field and
patent experts, and cannot be considered a mere side-effect of publication-oriented searches.
The setting of this project with some meetings with broad attendance and distributed experts
is not sufficiently effective. Instead of this, workshop-like face-to-face meetings with a small
number of experts are suggested where a suitable delineation of the fields can be discussed
and suggestions for search strings are directly tested and modified.
If the official databases of the EPO are used, it has to be taken into account that the inventor
names with special letters such as umlauts are often problematic. Either the letters are
completely missing or they are spelled in different versions. In the releases offered by
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professional hosts, these spelling problems are solved, but the download of a relevant number
of records from online databases is very expensive. It seems to be more suitable to use the
EPO version and apply specific computer programs for correcting these errors.
The major methodological problem of the match of author and inventor names is the fact that
the SCI records only the initial of the first name and not the full first name. Therefore, the
search for names in the complete database leads to a considerable number of ambiguous
matches. The best approach is, according to the experiences of this project, the introduction of
the following criteria:
• Match of surname and initial of first name,
• Match of countries of authors and inventors,
• Inclusion only of authors of the relevant field,
• Match of publication periods of patents and publication.

If the match is enlarged to cities in addition to countries, the output is more precise, but the
number of hits is significantly reduced, as many inventors/authors do not live in the city
where their institute is located. In the SCI, the match must exclusively refer to the first author,
as only in these cases, he or she definitively works at the first institution. In addition,
publications with only one institution can be included for all authors mentioned.
In some patent documents, the inventors have not indicated their private, but their institutional
address. As these cases have no special codes, they have to be identified manually. This
process is quite labor-intensive and leads to fewer institutions than the semi-automatic
matching procedure in SCI. The majority of the inventor-based institutional information is
redundant with the SCI information, so that for further analyses, the work should be limited to
the SCI. In the context of the present project, the inventor-based data showed a high accuracy
of the institutions identified by the inventor-author match in the SCI.
In any case, the results of the SCI match have to be checked in more detail with regard to their
validity. Sources of uncertainty are multiple first names, which are not recorded in a
systematic way neither in patents nor in SCI records, or multiple surnames, for instance, in the
case of Spanish authors/inventors.
After the elimination of redundant information and mismatches, there is still the problem of
multiple versions of institution names within the data derived from patents and between the
data from patents and SCI publications. Therefore, the institutional lists have to be cleaned, a
task which cannot be carried out by automatic tools; again, a manual check is necessary. For
this study, this was done for some selected countries and fields by national experts. The rest
of the cleaning/matching, being clearly the greater part of the data set, was made by staff of
Fraunhofer ISI. The support of national experts proved to be very helpful, as the institutional
cleaning/matching requires specific knowledge on the structure of national innovation system.
Nevertheless, it was necessary to check the lists of the national experts, as they still contained
some errors by oversight. This is due to the outcome of this project that the number of
institutions is much higher than originally expected. With regard to large countries, the lists
comprised some hundreds of institutions instead of some dozens. In any case, the enormous
number of relevant institutions has to be taken into account as to cleaning/matching and
matching processes.
This problem is even more severe for other approaches of mapping excellent institutions such
as surveys, as all institutional information has to be collected through manuals, scientific
boards and associations, experts etc. Therefore, it seems to be appropriate to start patent and
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publication statistics for defining data sets for refined additional analysis in order to minimize
the costs of identifying relevant actors.
If the number of patents is combined with publications, an additional matching and
cleaning/matching step is needed, as the representation of institutions in the SCI and in the
patent lists is often different. This step is very labor-intensive, as the institutional lists derived
from publications are much longer than the patent lists.
The major output of the patent analyses is formed by the institutional lists by field, country
and type of institution. The separation of public and private, or not-for-profit and for-profit
institutions is helpful, as the propensity to patent of public research institutes and industrial
enterprises is not comparable. Both types of institutions have different cultures and different
logics as to patent applications. The separation was achieved by specific codes, assigned
concomitantly at the institutional cleaning/matching process.
All in all, the patent analyses proved to be very useful not only with regard to private
companies, but also to public research institutes. Patents should be considered, as they reflect
in an appropriate way the dimension of orientation on application and technological
exploitation. Scientific excellence is important and a relevant pre-requisite for technological
competitiveness. But the transfer of knowledge to technological exploitation should be
analyzed as additional dimension of excellence.

54

3

Publication analyses

As a separate part of this study we performed an extensive bibliometric analysis of the
publications data collected for each of the five fields. As mentioned before, the procedure of
data collection was designed in such a way that it could be adopted for any science field
within a limited period of time.

3.1

Methodology

The results we compiled in this study are based on the experience of decades of research of
developing bibliometric indicators for evaluative purposes. At CWTS these indicators have
been developed in two sections:
1. Performance analyses of scientific actors, mainly based on production and impact;
2. Cognitive mapping of science mainly concerned with self-organizing structures of
science.
In this study we combine the achievements of both sections and perform an integrated
analysis of production, impact and cognitive orientation.
In this study we apply a so-called top-down approach. This means that we start from the entire
field, and identify actors with a particular performance on the basis of the addresses in
publication data. Hence, the performance of the (candidate) centers is defined by the
publications identified as belonging to a certain address. This means that the actual output of a
center may be larger than the output we assign, due to spelling errors, name variants etc. As a
result, the quality of the address data is of major importance. We may never be able to make a
perfect match, due to the unexpected errors, changing organizational systems and missing
address data, but the approach should be able to provide indications of performance. The
extensive experience we have with the publication address data taught us that at country, city
and organization (university, companies, …) level, the address data of the ISI databases are a
reasonable shape. This means that a cleaning effort within a country is possible within
reasonable boundaries. At the departmental level, however, this makes no sense. There are at
least four reasons for that:
1. too many variants of one name;
2. unstable organizational structure;
3. Different systems/structures in countries;
4. Missing information.
As a result, we take the main organization as the primary level for our analyses. The centers
of excellence are identified at that level. However, the on-line tool on the internet page of this
project, allows an analysis on departmental level.
An added aspect to the traditional results is the geographical mapping of actors. But this
aspect is primarily introduced to present the results. It doesn’t add any information with
respect to the performance of scientific actors.
3.1.1 Bibliometric indicators
For the identification of centers of excellence, we provide a list of indicators that should cover
several aspects. We stress that the possibility to identify centers of excellence from different
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perspectives is vital. There is and probably never will be one definition of what excellence is,
let alone that we can measure it with one indicator. The aspects of performance we attempt to
measure by one or more of the indicators are:
-

scientific activity

-

scientific visibility

-

scientific impact

-

technological activity/ visibility

The indicators we provide in this study are:
1. Number of publications in 1996-2002
2. Total number of citations received, author self-citations excluded
3. Growth of activity during the entire period
4. CPP, the number of citations received per publication
5. CPPf, the average number of citations per publication normalized by traditional
science areas
6. Number of publications contributed to the top-10% of most highly cited publications
(multiple perspectives)
7. Number of patent applications in the entire period of time
8. Average number of patents per publication.
The activity and visibility indicator designated by the number of publications is the bestknown, but also an often criticized indicator. Of course, the absolute number of publications
per organization depends a great deal on the number of researchers available and on many
other factors. In most bibliometric studies this indicator is used only in combination with
other indicators. The same critical remarks could be made about the absolute number of
citations (visibility or impact). Therefore, the CPP indicator seems much more valuable,
because in that case a normalization of the number of received citations (visibility or impact)
is made by the number of publications (production) as a possible measure for size.
A more dedicated indicator is the CPPf. This indicator normalizes the impact (CPP) by the
field in which the research is published. It is a well-known fact that the probability of being
cited in basic science is much higher than in applied science. Therefore, the impact (CPP) an
actor achieves, will depend heavily on the orientation (mainly, basic vs. applied) of its
research. The normalization of the CPP is based on the average impact in science fields, as
defined by journal packages.
The indicator measuring the contribution within the top-10% of most highly cited publications
is relatively new and correlates highly with the absolute number of publications. An
interesting aspect about this indicator is that it can be measured from different perspectives.
The list of most highly cited publications of one particular country differs, of course, from the
one of the EU and associated states or world-wide.
The technology indicators are described in more detail in Chapter 2.
3.1.2 Cognitive mapping
The main objective of introducing the cognitive mapping into this study is to allow a more
detailed view on the activity and impact (the performance) of the identified actors (the centers
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of excellence). The reason for this is obvious. The science fields as defined in this study, but
probably as defined in all studies like this are too broad to determine why an actor is
identified as being excellent. In order to assure the results to be statistically sound, significant,
we need these fields to be ‘bigger’ than some hundreds of publications. The cognitive
structure provides the means to disaggregate without losing the substance of the entire field.
The cognitive map is a two-dimensional representation of a field, represented by the
collection of publication data. From these publications, we extract noun phrases from titles
and abstracts. From this huge list of noun phrases we select the ones to be used for a cooccurrence analysis on the basis of bibliometric distribution, syntactic features and (semantic)
content. The selected noun phrases are identified as keywords. The co-occurrence analysis
calculates the number of times that two keywords occur in the same publication title or
abstract and creates clusters of these keywords on the basis of this information.
The clusters of keywords designate sub-domains in the field. Using the clusters of keywords,
we assign publications to sub-domains. Thus, sub-domains are in fact, subsets of publications
from the entire collection, the field. As publications may be assigned to more than one subdomain, we can generate a co-co-occurrence matrix of sub-domains. The cells in this N*N
matrix (in which N designates the number of sub-domains), contain the number of
publications overlapping in two of the N sub-domains. This matrix is the input for
Multidimensional scaling (MDS). This technique puts the N elements in a two-dimensional
space in such a way that sub-domains with a similar orientation in relation to all other the subdomains, are in each other vicinity, whereas sub-domains with a different orientation are
distant from each other. This two-dimensional representation is the cognitive map of the field.
In the map, sub-domains are represented by circles. The surface of these circles corresponds
to their relative size (numbers of publications represented).
The cognitive map interface allows the user to indicate the contribution of an actor
(organization) within each of the sub-domains. We use a color-coding to indicate the relative
contribution as compared top its own average. In this way, we provide in one view the
cognitive orientation, of this organization within the landscape of a particular field. Thus, we
provide a tool to explore the activity and impact in more detail of any actor. A more detailed
description of the methodology is in Appendix B.
3.1.3 Geographical mapping
As mentioned before, the geographical representations are invoked as a way of presenting the
results of the bibliometric analyses to identify centers of excellence. The geographical
information is used to present the distribution over a country of centers with a particular
performance. It contributes by no means to the identification as such.
By the information we have from the organizations we evaluate in our analyses, it appeared
not feasible to assign geographical information (longitude and latitude) to their exact address,
which could be a postal code in combination with a number in the street. We don’t have this
information to our disposal from the publication data we use or we don’t have unambiguous
information. Therefore, the only link between the publication address data and the
geographical information was the name of the city.
As input we used a database with more than three million records of cities all over the world,
with the longitude and latitude information. We had to link the city names to the ones in this
geographical database. We encountered a number of problems to make this link:
1. The variants of one and the same city name. The way in which city names appear in
the ISI databases do not always match the variant in the geographical database (e.g.,
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Göttingen, Goettingen and Gottingen). Especially in Israel this appeared to cause
difficulties.
2. In some cases we found more cities with the same name in one country. In the
geographical data they appear with different geocodes. In the case of Paris, this
yielded a quite severe ‘dislocation’ of organizations from the capital somewhere in the
South-East of France.
3. In some cases, region names were given instead of city names in the publication data.
4. We found misspellings of city names in the publication database.
5. In some cases there was no entry for a city in the geographical database.
We developed a strategy to be able to cope with the most obvious problems as mentioned
above. This strategy consists of the following steps:
1. For every city name in both databases we created a link variant in which special
characters are translated into normal ones (Ö => O, Ü => U, Ñ => N, etc.);
2. In this link variant, we translated UE, OE and AE into U, O and A;
3. In case of homonym city names within a country (geodata) we selected the one with
the largest population (an additional information element)
4. We created a list of organizations with a city name that did not match the geodata after
the previous steps and invoked EC country experts to change the city name to proper
one. Thus we got rid of misspellings, and regions instead of cities. In some cases the
experts would provide the name of a larger city in the vicinity of the missing one.
5. If we couldn’t find the geographical codes, we looked them up in the Times Atlas.
This was only done for the organizations with a substantial output (N>5).
With this strategy we were able to match 99.5% of the organizations involved in this study.
This missing 0.5% is not available in the geographical representation, but is integrated in all
other results reports.
We compiled a huge database with all bibliometric information per organization and the
geographical codes. This database was used in the GIS module of SAS to compile country
maps in which we indicate the cities with centers of excellence.
In the web-interface we developed for this project, we allow users to select their country of
interest (EC member states and associated states). In a second step they can determine their
own indicators to be used to identify centers of excellence and the thresholds they want to use
plus the field they want to explore. With these criteria they get a map in which the cities are
drawn containing the organizations that meet their criteria.
From thereon, the user can list the names of those organizations by city and run a full
bibliometric profile of that organization.
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3.2

Feedback

However objective we claim bibliometric studies to be, we will always need expert input to
verify or validate the results. First of all to determine whether we are measuring what we
think we are measuring, second to clean misspellings and other ‘errors’, and finally to
determine how the results relate to the actual situation.
In this study we had experts input at several stages during the entire process from data
collection to final results. In most stages in which expert input was required, we provided
electronic forms through the project webpage.
3.2.1 Field delineation
The expert input of this stage was of crucial importance for the reliability and validity of the
results. We are very much aware of the fact that this is the stage that should consume the most
time in the entire project.
The design of the expert input for field delineation is such that it could be applied to more
than the fields involved in this project. In the back of our minds we had the requirement that
the methods should be applicable to many more fields.
In main lines, in this delineation procedure we start with a core set of publications of which
the experts agree that they represent a trustworthy set of core publications in the field. This
may be the articles in a journal or set of journals, this may be the oeuvre of a research group,
etc. etc.
These core publications are parsed and we extract noun phrases from titles and abstracts.
Based on particular characteristics of the noun phrases we select candidates to be used to
expand the selection of publications beyond the primary core set. These lists of candidates
were available at the website for experts to do their suggestions. Furthermore, they could
make new suggestions to us to expand the selection. A flow chart of this entire procedure is
presented in Appendix C.
In order to use the input received in the preparatory studies of this project, we incorporated
their suggested search terms as input at this stage. We did not use the input from the
preparatory study where the experts reviewed the publications on a paper-to-paper basis. The
reason for this is that we wanted to develop a generic tool to deal with the difficult issue of
field delineation. The approach of checking individual publications does not fit into this
approach.
We used the following search strategies to collect publications for nanotechnology in this
study:
-

Nanotechnology: a search string primarily based on the word NANO and the lessons
learned from the preparatory study

For each field we compiled a feedback form with a list of candidates to be used. Experts could
check the candidates that they considered useful to expand the collection. Furthermore, they
could add search terms at the end of the form.
The feedback at this stage was disappointing. For Nanotechnology we received one feedback
form and two documents with additional search terms.
The expert had the opportunity to suggest search terms in the period July and August of 2002.
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The final search strategies used in this study for the different fields are listed in Appendix D.
The data are retrieved from ISI’s current contents database. Subsequently they are matched to
the CWTS data system. The numbers of publications retrieved per field are listed below.
Table 3.1
field
nano

Numbers of publications in five fields
type
Total
matched

1996
9559
9299

1997
10919
10577

1998
12547
12152

1999
15144
14139

2000
16768
15676

2001
19947
16645

Total number of retrieved publications and the number matched with the CWTS system)

3.2.2 Address data
The procedure we adopted for cleaning the address data in the project was designed in close
relation with the Commission and members of the High Level Group. This procedure should
be designed is such a way that the cleaning itself could be done by any person acquainted with
the national science system and able to use a computer and basic desktop applications, e.g.,
MS-Word, Excel, Access.
By using the suggested search terms by the experts, we collected the matching publication
data from the CWTS data system. For each field, we compiled a list of addresses per
publication. Such an address string consists of a country, a city, a main organization (e.g.,
university, hospital of company name) and a department. Then by field, we compiled a list of
addresses and the number if occurrences in the collected publication data.
CWTS preprocessed these address lists in the following way:
-

a first cleaning on the level of country was made;

-

a first cleaning of city names was performed;

-

a first cleaning of main organization names was performed.

These cleaning steps are performed according to the in-house cleaning procedures. This is a
hierarchical procedure, going from country names to city names to organizations in distinct
steps. The stage of cleaning main organizations is the most difficult one, because different
countries and even organizations have different organizational structures. It is often difficult
to decide which level is to be considered the main organization (e.g., research organizations
CNRS, CSIC, and Max Planck.) Generally speaking we take the hierarchical structure as
represented in ‘The World of Learning’ as guidance.
Within a field we compiled a list as mentioned for each of the 32 countries involved and
uploaded them in an ASCI-file (CSV format) on the web-page of the project. These files were
generated at two different levels of aggregation: main organization and department level. In
these files we put the following information:
-

Country

-

City

-

Organization

-

(Department)

-

Frequency

-

ID (for internal use)
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The commission asked the HLG members to provide one national expert in Nanotechnology
to clean the address data. They were asked to correct the address data at the organizational
level. Thus they were able to clean misspelling and to unify name variants. They were told
explicitly not to change the ID. This information was to be used to feed the corrected data
back into our system.
Below is a list of the countries that put effort in the cleaning process. In total we received
cleaned data from 19 countries. In only one case we were not able to process the data back
into our system because the expert changed the ID information.
Table 3.2

Address cleaning effort by country

By field and level of aggregation (1: organization, 2: department)
nano
Country
Austria
Belgium
Czech republic
Denmark
Estonia
Finland
Germany
Greece
Hungary
Iceland
Israel
Lithuania
Luxembourg
Netherlands
Norway
Slovenia
Spain
Sweden
Switzerland

1

2
1
1

1
1
1
1

1

1
1
1
1
1
1
1
1
1

1
1
1

The results show that most countries seem to have cleaned at the departmental level, but that
is not true. In almost all these cases, the expert used the data at department level, but cleaned
the data at the organizational level. They left the department information untouched.
As far as the procedure is concerned, we found some difficulties. First of all, the CSV format
of the data files. This format was chosen because it should be compatible with standard data
processing desktop applications such as MS-excel and MS-access. However, we experienced
that in some countries the integration of this format required more knowledge about data
processing and spreadsheet programs than expected. This issue could be tackled by
introducing a telephone helpdesk.
Finally, we found that the fact that they used these CSV files, no protection was possible. We
could not prevent them from changing the ID, and thus corrupting the data.
In sum, the use of the CSV files caused some problems that could have been prevented if we
would have provided an on-line cleaning form. In that case, we would have more control over
the actions of the experts.
61

With respect to the added value of the cleaning process in general, we conclude that this is
marginal, considering the table below.

Table 3.3

country
AUSTRIA
BELGIUM
CZECH
REPUBLIC
DENMARK
FINLAND
FRANCE
GERMANY
GREECE
HUNGARY
IRELAND
ISRAEL
ITALY
NETHERL.
NORWAY
POLAND
SPAIN
SWEDEN
SWITZERL.
UK

Number of organizations per country in top-100 most publishing within EU
member and associated states using un-cleaned (u) and cleaned (c) addresses
for nanotechnology
Nanotech
u
c
3
3
1
2
1
1
2
10
36

3
1
9
37

1
1
5
6
7

1
4
6
6

1
3
6
7
10

1
3
6
7
10

In this table, we calculated the contribution of a country in the top 100 most publishing
organizations within the EU15 and associated states, before and after cleaning the addresses.
The results show that in most cases nothing changes. The possible changes that take place can
be characterized as indicated below.
No-cleaning with a decreasing number of contributions (ND)
No-cleaning with an increasing number of contributions (NI)
Cleaning with a decreasing number of contributions (CD)
Cleaning with an increasing number of contributions (CI)
In the case of ND, the cleaning effort of other countries put one of their organizations into the
top-100 (CI), lowering the position of others. In the case of NC, the cleaning effort of other
countries probably merged two variants of the same organization already in the top-100 to one
name (thus CD), allowing ‘newcomers’ in the top-100. From these results it is difficult to say
what the effect of the cleaning effort is. Obviously, the effect of the cleaning process on a top100 of most publishing organizations is relatively small. As the number of contributing
organizations can easily be reduced, the results in this table don’t seem to indicate any
positive or negative effect. If we explore the effect on a derived indicator, e.g., impact, we can
see a more sophisticated effect.
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From the results for the top-100 organizations with the highest impact, the results show some
interesting changes. In nanotechnology, Greece and Switzerland lose one and two top-100
positions, while Poland, Germany and Austria gain one each due to the cleaning effort. The
remarkable issue here is that Switzerland did clean the address data, while Poland and Austria
did not. This does, of course, not mean that countries may benefit from not cleaning the
address data. The differences we see are due to one organization replacing an other in the top
100. As seen from the table, we detect no major differences between the results of cleaned
and un-cleaned data.
Table 3.4

Number of organizations per country in top-100 highest impact within EU
member and associated states using un-cleaned (u) and cleaned (c) addresses
for nanotechnology

Country
AUSTRIA
BELGIUM
BULGARIA
CZECH REP
DENMARK
ESTONIA
FINLAND
FRANCE
GERMANY
GREECE
HUNGARY
IRELAND
ISRAEL
ITALY
LITHUANIA
NETHERL
NORWAY
POLAND
PORTUGAL
ROMANIA
SLOVAKIA
SPAIN
SWEDEN
SWITZERL
UK

nano
u
c
2
3
2
2
1
2

1
2

1
33
17
1
2
1
1
7

1
33
18

3
1

3
1
1

7
1
8
10

7
1
6
10

2
1
1
7

3.2.3 Rankings per country
The feedback form we provided for the ranking tool was available via the rankings per
country. User who generated a ranking for a country could give their comments on:
-

Organizations unexpectedly in the list;

-

Organizations unexpectedly not in the list.

We assume that the user-experts were able to evaluate a national list. And by doing this, they
indirectly commented the international list. However, we claim that their comments on an
international list would be beyond their scope.
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We did not receive any comment on the rankings through the online forms we supplied.

3.3

Results

3.3.1 Publication activity and impact (research performance)
As mentioned before, the issue of excellence is far too complex to decide from one single
perspective as to what are the centers of excellence in the EU15 and Associated states. The
main problem is the fact that the perception of excellence is variable. Every user posing the
question ‘what are the most excellent groups?’ may have a different view on the definition of
this excellence. Furthermore, the thresholds a user sets to discern excellent or not, maybe be
too high in certain situations (e.g., national science systems, phase of development) to be used
in general or too low in other. As this pilot project was setup to test the validity and utility of
the bibliometric method in general, we chose to design an interactive tool, a dynamic table, to
be able to extract results from different perspectives.
In this section of the report we will illustrate the potentials of the tool with illustrative results,
rather than to present final results of nanotechnology. In the table below, we listed the most
active organizations world-wide.

Table 3.5

Top ten most publishing organizations (1996-2001) world-wide

Rnk

Country

City

Organization

P

CX

P10

CPP

1

BEIJING

795

4

1046
914
914

1680
1571
1204

5

USA

BERKELEY

841

6

UNITED
KINGDOM
UNITED
KINGDOM
USA
USA
JAPAN

LONDON

CHINESE ACAD
SCI
TOHOKU UNIV
TOKYO UNIV
RUSSIAN ACAD
SCI
UNIV CALIF
BERKELEY
UNIV LONDON

1062

2
3
4

PEOPLES
R CHINA
JAPAN
JAPAN
RUSSIA

UNIV
CAMBRIDGE
MIT
UNIV ILLINOIS
KYOTO UNIV

7
8
9
10

SENDAI
TOKYO
MOSCOW

CAMBRIDGE
CAMBRIDGE
URBANA
KYOTO

PS

PN

0.75

CPP/F
CSm
0.57

39.1%

84.8%

15
15
11

1.61
1.72
1.32

1.41
1.25
0.70

37.3%
37.0%
41.1%

73.7%
73.4%
74.7%

4794

61

5.70

3.23

18.9%

65.6%

823

3341

42

4.06

1.91

30.5%

66.3%

685

1769

20

2.58

1.50

29.7%

68.2%

661
625
572

3556
2827
1356

54
29
11

5.38
4.52
2.37

2.65
2.52
1.39

21.2%
19.9%
33.5%

64.8%
61.9%
69.8%

Rnk: rank; P: number of publications; Cx: number of citations received, excluding self-cits; P10: contribution to top 10%
from same perspective; CPP: citations per publication; CPPf: normalized CPP to field; PS: percentage self-cits; PN:
percentage non-cited articles

By changing the perspective to the EU and Associated states, the Univ London and Univ
Cambridge are, of course, still on top, but now there is room for 8 others.
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Table 3.6

Top ten most publishing organizations (1996-2001) within EU and associated
states

Rnk

Country

City

Organization

P

CX

P10

CPP

1

LONDON

3341

45

685

1769

557

4

SWITZERLAND

LAUSANNE

5

OXFORD

6

UNITED
KINGDOM
GERMANY

7

SWEDEN

GOTHENBUR
G

8
9

SWEDEN
GERMANY

LUND
MUNICH

10

FRANCE

ORSAY

UNIV
LONDON
UNIV
CAMBRIDGE
UNIV PARIS
06
SWISS FED
INST
TECHNOL
EPFL
UNIV
OXFORD
RES CTR
JULICH
CHALMERS
UNIV
TECHNOL
UNIV LUND
TECH UNIV
MUNICH
UNIV PARIS
11

823

3

UNITED
KINGDOM
UNITED
KINGDOM
FRANCE

2

CAMBRIDGE
PARIS

JULICH

PS

PN

4.06

CPP/
FCSm
1.91

30.5%

66.3%

22

2.58

1.50

29.7%

68.2%

1232

14

2.21

1.62

33.4%

71.6%

542

2060

25

3.80

2.59

26.3%

64.2%

491

1840

19

3.75

1.78

32.0%

59.9%

460

1602

26

3.48

2.06

30.5%

62.2%

460

720

9

1.57

1.35

34.7%

76.7%

432
420

1163
1577

9
21

2.69
3.75

1.61
2.27

29.9%
25.0%

66.7%
67.9%

410

1065

13

2.60

1.58

33.7%

68.0%

If we compile this top ten on the basis of the highest average of citations per publication, it
looks completely different from the previous one. The problem here is that smaller subsets
(low numbers of publications) are more likely to achieve a high CPP score. The average is not
smoothed by large numbers of less cited publications. Therefore, we see here a list of
organizations with a low number of publications, but with a high CPP. In fact, it seems that
we are not comparing the same thing. It is almost impossible for organizations with large
output to achieve such high CPP.
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Table 3.7

Top ten organizations with highest impact (CPP) within EU and associated
states

Rnk

Country

City

Organization

P

CX

P10

CPP

1
2
3

FRANCE
DENMARK
UNITED
KINGDOM
GERMANY

MARSEILLE
ODENSE
CAMBRIDGE

1
1
1

156
142
137

1
1
1

1

135

UNITED
KINGDOM
ITALY

BURNHAM
ON CROUCH
ROME

CNRS-CRMC22
PROTANA AS
MRC-CTR
PROT ENGN
MICRION
EUROPE
GMBH
MAFF

1

7

UNITED
KINGDOM

WALLINGFO
RD

8

UNITED
KINGDOM

MELBOURNE

9

FRANCE

GIF SUR
YVETTE

10

FRANCE

STRASBOUR
G

TERZA UNIV
STUDI ROMA
NATL CTR
ECOTOXICOL
&
HAZARDOUS
SUBST
CAMBRIDGE
ANTIBODY
TECHNOL
LTD
CTR ETUD
SACLAYRECH MET
PHYS SECT
AVENTIS

4

5
6

MUNICH

PS

PN

156.00
142.00
137.00

CPP/F
CSm
12.48
7.47
35.31

5.5%
7.8%
6.8%

0.0%
0.0%
0.0%

1

135.00

6.78

2.2%

0.0%

74

1

74.00

20.88

14.9%

0.0%

1

74

1

74.00

5.80

17.8%

0.0%

1

74

1

74.00

20.88

14.9%

0.0%

3

209

3

69.67

8.74

5.9%

0.0%

1

69

1

69.00

16.59

6.8%

0.0%

1

60

1

60.00

6.67

9.1%

0.0%

In order to be able to make a more ‘fair’ comparison, we added the possibility to set a
threshold of numbers of publications and then to look at the top CPP organizations.

Table 3.8

Top ten organizations with highest impact (CPP) within EU and associated
states, organizations with 50 publications or more only

Rnk

Country

City

Organization

P

CX

P10

CPP

1

GERMANY

HEIDELBERG

79

2722

18

2

GERMANY

HEIDELBERG

81

1419

3

FRANCE

52

4

FRANCE

STRASBOUR
G
CHATILLON

5

SWITZERLAND

BASEL

6
7
8
9

FRANCE
SWEDEN
FRANCE
NETHERLAND
S
SWITZERLAND

NANTES
STOCKHOLM
PARIS
DELFT

EUROPEAN MOLEC
BIOL LAB
GERMAN CANCER
RES CTR
INST CHARLES
SADRON
FRENCH NAT
AEROSPACE RES
OFF
NOVARTIS PHARMA
AG
UNIV NANTES
KAROLINSKA INST
INST PASTEUR
DELFT UNIV
TECHNOL
IBM RESEARCH LAB

10

RUSCHLIKO
N

PS

PN

34.46

CPP/
FCS
m
6.46

20.3%

51.9%

11

17.52

3.50

15.4%

55.6%

824

4

15.85

6.00

15.1%

63.5%

53

638

6

12.04

5.33

22.8%

60.4%

91

783

12

8.60

3.13

14.8%

59.3%

52
107
52
268

428
795
373
1859

2
9
3
13

8.23
7.43
7.17
6.94

4.96
2.12
1.45
5.00

18.2%
18.5%
19.3%
13.4%

75.0%
64.5%
53.8%
74.6%

149

944

15

6.34

2.53

19.7%

51.7%

By creating the opportunity to combine two indicators, we allow the user create a particular
context within which he can identify centers of excellence.
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An other context that can be used to identify excellence is the national perspective. This is
provided by the option to rank within the context of one country. In the sample below, we
present the ranking of high impact organizations with 50 publications or more within the
Netherlands.

Table 3.9

Top ten organizations with highest impact (CPP) within the Netherlands,
organizations with 50 publications or more only

Rnk

Country

City

Organization

P

CX

P10

CPP

PS

PN

6.94

CPP/
FCSm
5.00

1

NETHERLANDS

DELFT

268

1859

11

2
3
4
5

NETHERLANDS
NETHERLANDS
NETHERLANDS
NETHERLANDS

53
193
82
71

293
908
327
235

6

NETHERLANDS

AMSTERDAM
LEIDEN
EINDHOVEN
WAGENINGE
N
AMSTERDAM

DELFT UNIV
TECHNOL
NWO FOM
UNIV LEIDEN
PHILIPS
WAGENINGEN UR

13.4%

74.6%

4
8
3
3

5.53
4.70
3.99
3.31

3.01
2.05
3.10
1.21

16.0%
22.3%
20.4%
32.7%

64.2%
62.2%
58.5%
56.3%

70

7

NETHERLANDS

GRONINGEN

8
9

NETHERLANDS
NETHERLANDS

ENSCHEDE
NIJMEGEN

10

NETHERLANDS

UTRECHT

UNIV
AMSTERDAM
STATE UNIV
GRONINGEN
UNIV TWENTE
CATHOL UNIV
NIJMEGEN
UNIV UTRECHT

223

3

3.19

1.07

32.8%

61.4%

177

533

7

3.01

1.43

31.4%

66.1%

258
158

744
443

11
3

2.88
2.80

1.85
1.67

29.0%
25.9%

65.9%
67.7%

192

513

2

2.67

1.45

29.7%

68.2%

From the results in this table, we see that smaller organizations with a significant output in 5
years can be discerned, and not only the bigger organizations.

3.3.2 Cognitive maps of nanotechnology
For Nanotechnology we compiled the following map. In the maps, each circle designates a
sub-domain with a particular field. A sub-domain is determined by a cluster of keywords. In
the map a sub-domain is labeled with the most frequent keyword within. The surface of a
circle is determined by the number of publications represented in a sub-domain. The position
of the sub-domains depends on their cognitive orientation. The closer two sub-domains are
related the closer they are in the map.
These maps were used to characterize the activity and impact of actors in the individual fields
and thus fully integrated in the performance profile interface.
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Figure 3-1: Cognitive map of Nanotechnology

3.3.3 Integrated results
As mentioned before, the results depend heavily on the question of what the definition of
excellence is. And of course what we wish to define as a center. In this study we take the main
organization as a starting entity. But as we can see from the table above, they may be
specialized research institutes or large universities. From the number of publications in the
table we already discern large differences. In larger fields like nanotechnology, this may play
an important role. To illustrate this, we will run a full profile of two organizations from the
table: the FOM and the Delft University of Technology. We will demonstrate how the
cognitive map can help to characterize the differences between these organizations. This
should shed more light on the matter of how to decide what a center of excellence is.
A full bibliometric profile of an organization can be retrieved by clicking the name of the
organization in the ranking. See Annex F for this.
This form allows the user to run a profile of the entire organization. There is an option to
ignore the city name in order to be able to run a profile of organizations that have locations in
different cities. Furthermore it is possible to run a profile for a part of that organization, by
selecting a limited set of departments within. We will address the issue of departments later.
A complete bibliometric profile looks like the Figure below.
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Figure 3-2: Bibliometric profile of an organization

Apart from the known indicators, this profile presents the distribution of publications over
clusters that are identified in the cognitive map of the field. At the bottom of the profile, there
is a button to visualize the distribution of activity or impact of this actor over the sub-domains
in the cognitive map (world-wide). By clicking this button [show the map] this map is shown.
On this map, we can characterize the activity of this organization by showing the activity
distribution. This is shown for the Delft University of Technology on the figure below.
Here we see the entire map of the field and in colors is indicated what the contribution of this
actor is. In the left upper corner an explanation is given of the colors. The deeper red a circle,
the higher the relative contribution is.
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Figure 3-3: Activity distribution of the Delft University of Technology in Nanotechnology

If we visualize the activity distribution of the FOM, we see a completely different pattern.
This organization does not cover the entire landscape of nanotechnology, but merely focuses
on specific areas.

Figure 3-4: Activity distribution of the NOW FOM in Nanotechnology
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As seen from the ranking, both organizations show a good performance with respect to
impact. The NOW FOM, however, is much smaller and focuses clearly on the area of surface
structure, nanocrystal, optical property and STM, while the Delft University of Technology is
present in the entire field.
This leads us to the possibility to select parts from a bigger organization to run a profile. This
possibility is created to allow users to use their own definition of what a center is, and to
allow cleaning of the departmental address data for individual cases. Thus, we provide the
user to clean address data on he spot for individual use, rather than to force national experts to
clean the address data for the whole country.
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3.4

Conclusions of the publication analyses

3.4.1 Field delineation
We designed the procedure for field delineation in such a way that it could be applied to many
more than these 5 fields, with non extra effort from the analyst perspective. The idea behind
the design was that we allow expert interference but as little as possible. We don’t want them
to go through huge lists of publications to decide which papers belong to field and which do
not.
The generic character of this design has shown different drawbacks at this stage. The main
problem is the fact that we had to design something in a short period of time. We were not
able to process the comments that came to the first version of the procedure. Moreover, we
had to collect the data in a relatively short period of time. In at least one case, this led to the
situation that one of the two experts was not able to comment on the preliminary results
within the set period of 6 weeks. In this particular case, the lack of time, consensus and input
from experts led to a selection of publications that seems completely useless. Therefore, the
results are difficult, if not impossible, to interpret and to validate.
In a technical sense, the internet form to add or remove search terms from the applied
delineation, appeared useful for some of the experts. They used the form to add search terms
to the existing list. Furthermore, one of the experts sent his own search strategy to add to the
existing search strategy not using the form. Generally speaking, however, we received a
limited response to our request to help delineating the field. The design of the form should be
revised considerably before it can be used.
As indicated in the preparatory studies as well, there is a problem with regard to reaching
consensus among experts about the delineation of their own field. This makes it difficult to
decide what the field looks like, and to decide what search strategy could be used to collect
the relevant publication data. One of the possibilities to cope with this is to allow users to
create their own definition of the field, via a web-interface and to compile the results after this
stage of delineation. In order to establish this ‘open’ delineation, all subsequent stages should
be highly automated. In such a way there is no limited number of fields to be considered, but
a field is defined by the search strategy compiled by an expert or other user. A field is no
longer a field in the traditional sense but can also be a theme (e.g., Alzheimer’s disease,
prostate cancer, CO2 emission).

3.4.2 Bibliometric indicators
The interactive ranking tools developed in this project allow the user to identify centers of
excellence on the basis of different indicators. Each indicator yields a different perspective
from which to address the complex concept of excellence. It depends on the kind of
excellence one is looking for to determine which indicator or combination of indicators is
preferably used.
We think that particularly the option to combine indicators is a major improvement. The
possibility to change thresholds for individual indicators while leaving an other unchanged
immediately shows the effect of using certain thresholds and the effect of using certain
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indicators. As excellence is a complex concept, the identification of excellent groups could be
helped by complex tools.
As for the different indicators are concerned, we already know the strengths and weaknesses
of the production (P) and the impact (CPP). The latter indicator is particularly valuable in
combination with a field average (CPP/FCSm). Still, we find that the CPP is biased towards
smaller numbers. This means that smaller institutes tend to reach higher impact. And also
variants of institute names with small numbers of publications (or only one if there is a
uncorrected spelling error) are more likely to reach high impact scores (CPP and CPP/FCSm).
Here the combination with P is available to enable the user to compare organizations
(institutes) with a similar size. By choosing a P of at least 100, and ranking on the basis of
impact, a much fairer comparison is made.
The Top 10% indicator correlates with the production indicator (P). The higher production P,
the higher the top 10% contribution is. This indicator needs more sophistication by
normalization to P. This is suggested by van Leeuwen et al. (2003) and should be integrated
in future studies.
The growth factor is highly biased towards smaller entities and should be investigated in more
detail to determine its value added for this kind of studies.

3.4.3 Address data
There has been a lot of discussion on the level of aggregation to be used to identify centers of
excellence. It has been argued that a center should be a group, a team. Others consider a
center much larger. Their perception of a center would be an organization (i.e., a university, a
research institute or company) or intermediate levels (faculty at a university). Although, we
may never reach consensus on this, the bibliometric approach should be able to provide
information at different levels. As we are working with the address data in the publication
databases, we had to deal with the problem of name variants, spelling errors in the address
data at all levels. Although the CWTS data system performs a thorough cleaning of address
data at the level of country, city and organization, there is still a substantial amount of
‘mistakes’. The national experts were involved via the High Level Group to clean their
national publication addresses down to the level of organization. At the departmental level the
job would be too much time-consuming. Even for the bigger countries, this effort was done
reasonably fast. In some countries, the complexity of the national science system and the
quality of the input address data was the reason that no cleaning effort was undertaken.
As the cleaning process of CWTS at the first stage seemed to be too rigorous in some cases,
we need to reconsider the structure we applied in our cleaned data. For instance, the ‘legal’
entity of the University of London is too big. It has been argued that we should use one level
down as an organization (i.e., colleges etc.). Furthermore, the level of national research
institutes (CNRS, Max Planck Gesellschaft, and CSIC) should be disaggregated to smaller
entities.
Another problem was the procedure we used for cleaning. We provide comma-delimited files
to be used in any database-like desktop application (excel, access, etc.) And although we
provide strict rules of what the experts should do or not, the procedure allowed the user to
change the data in such a way that we had to reprocess the data to integrate into our system
again. Furthermore, we noticed that some settings of personal computers may cause
difficulties to read and process the data in its basic format. A solution could be that the
73

cleaning process is done via a web-based form. In this way we keep full control of what the
user is allowed to do or not.
We concluded during the run of the project that the data on departmental level is such that it
made no sense to clean them. We had to deal with name variants, spelling variants, spelling
mistakes, structural changes at the organizational level and complex structures that are not
represented in the address data. It seems that the only robust and therefore useful structure is
at the organizational level (universities, companies, research institutes). The only possibility
we see at present to go down one level is by using the author names. By using this
information, we should be able to identify research groups around one or more leaders with an
organization. As we are dealing with separate research fields, we don’t have to worry too
much about homonym author names (i.e., one name referring to multiple persons). We would
need to investigate in more detail this possibility. One of the problems will be to uniquely
assign an author to an organization. As publications contain more than one address, and from
the ISI data we only know that the first author is linked to the first address, we cannot simply
link publications to organizations, to authors. A second issue to deal with is the mobility of
authors and the multiple assignments of authors.
Finally, in the final version of the results we encountered the discrepancies of publication
address cleaning on the one hand and patent address cleaning on the other. As these efforts
took place approximately at the same time, it was not possible to assure a complete
compatibility. It appeared that in some cases, the patent experts used a different structure than
the publication experts. For instance, in Leiden, the Netherlands the University hospital was
assigned to the Leiden University in the publication data, whereas in patents they were
cleaned to separate entities. In the final results, where the patent data was integrated into the
publication data this may have led to multiple entities. It is therefore, advisable to integrate
the patent addresses into the publication addresses from the start and to distribute the address
data to cleaning experts and to process the results from one location.

3.4.4 Geographical mapping
Although we had to broaden our scope as bibliometricians to create the geographical maps to
plot the identified cents of excellence, we manage to do so. This could not have been done
without the database, we had to purchase with geographical codes fro 3 million city entries
world-wide. Using the SAS geographical country maps we could plot most of the entries via
an interactive tool, which allows the user to combine indicators and to change thresholds.
In order to reach one hundred percent coverage of the cities, we need to look up by hand the
geographical codes for the missing cities in the future.
3.4.5 Cognitive mapping
The cognitive maps have the added value of putting the activity or impact of a research entity
into a cognitive perspective. This enables the user to determine what the specific expertise of
the identified center is. As these cognitive maps are generated with an almost completely
automated process, we need a good feedback procedure to evaluate the cognitive map before
they are used to map a field. The map should be ‘recognized’ otherwise the structure may not
make sense to the user. In this study we were not able to make much progress in this respect.
We could apply a basic methodology to generate the maps. Unfortunately this was established
too late for most fields for experts to evaluate. If we are developing a tool to allow an ‘open’
delineation of a field, this aspect becomes even more important.
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4

Macro analyses

4.1

Patents

The major aim of this project is to identify excellent institutions in different fields. The details
of the referring analyses are documented in chapters 2 and 3. In this section, some results of
macro analyses are additionally presented, as they give interesting insights into the overall
structures within the EU and associated countries.
A standard macro approach is to look at time series on the national or regional level. In
Nanotechnology, the number of patent applications of the EU countries is almost equivalent
to that of the United States; the relative share of the associated countries is still modest, but
higher than in the life sciences (Figure 4.1-5). Again, the other countries exhibit a
considerable increase of activity in recent years, but also the patent numbers of Japan clearly
grow in the year 2000. To sum up, the competitive position of the EU countries in the fast
growing area of Nanotechnology is very strong.
Figure 4.1-5:

Trends of EPO and PCT patent applications in Nanotechnology
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Source: EUREG, computation of Fraunhofer ISI

A further interesting perspective is to look at the patents within the EU and the associated
countries. It is not surprising that the larger countries take out the majority of patents, so that
it is more interesting to control the data for country size. It suggests itself to use R&D budgets
as reference for patents, but for many countries these data are not available. Therefore we
refer to GDP which represents the size as well as the economic strength of a country12. In
12

The GDP data are in million Euro in purchasing power standards (PPS) of the year 2000. The data were
taken from the following cources: Eurostat (2002), Worldbank (2002), Statistisches Bundesamt (2002), Fischer
Weltalmanach (2002)).
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Nanotechnology, the patent activity normalized by GDP of Germany and Sweden is above
average, and the ranking of the other EU countries is quite different to the life science areas
(Figure 4.1-11).

Figure 4.1-11:

PCT and EPO applications with reference to GDP for selected countries in
Nanotechnology in the priority period 1996 to 2000 (GDP in billion € in
purchasing power standards 2000)
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4.2

Publications

The trends of publications considerably differ from those of patent applications. In
nanotechnology, the EU displays the majority of publications. With respect to patents the US
is most active, in particular in the most recent years. The relative level of the US is much
higher (Figure 4.2-1) in the recent years.
Figure 4.2-6:

Trends of publications in Nanotechnology
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Figure 4.2-7:

Trends of relation of patent applications to publications in
Nanotechnology
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Within Europe, Sweden is also in a leading position, but now Germany appears to be strong
as well (Figure 4.2-13). This result is in agreement with the patent analysis.

Figure 4.2-13:

SCI publications with reference to GDP for selected countries in
Nanotechnology in the period 1995 to 2000 (GDP in billion € in
purchasing power standards 2000)
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4.3

Integrated analysis of publications and patents

In the two preceding sections, the performance of countries in terms of publications and
patents has been discussed. This way of separate presentation does not indicate, however,
whether there is any linkage between publication and patent performance, thus between
scientific research and technological exploitation. The high share of public institutions in
patents applications supports the hypothesis of a close link between science and technology.
But the relevant publication activity of smaller countries without visible patent activity is in
favor of the view that the linkage between science and technology is less strict, at least if
applied to a larger set of countries.
In this section, the interplay between publications and patents will be examined. The analysis
does not refer to absolute values, because differential country size would automatically result
in a high, but meaningless correlation coefficient, as large countries have many publications
and patents and small countries have comparatively fewer publications and patents
respectively. Therefore, the data are referred to GDP as a rough proxy to control for country
size. The calculations are conducted in the following way:
• All EU and associated countries are included in the data set.
• Extreme outliers due to quotients with low figures are excluded.
• A regression analysis is calculated on the basis of the remaining countries.
• The United States and Japan are included in the graphs for illustration purposes, but not

considered in the regression analysis.

Table 4.3-1:

Regression coefficients between patents and publications with reference to
GDP and relations of patents to publications for nanotechnology

Area

linear
regression

quadratic
regression

patents/
publications

Nanotechnology

0.74

0.80

0.025

Source: SCI, EUREG, computation of Fraunhofer ISI and CWTS

In Nanotechnology, Sweden, Israel and Switzerland have high publication and patent
activities. But on the level of medium intensities, the relation between publications and
patents is less clear due to many countries with a focus on technology (e.g. Germany, France,
Netherlands, Ireland) and others with a stronger publication focus (Spain, Czech Republic,
Denmark etc.) (Figure 4.3-5). Therefore, the correlation coefficient of R=0.74 (linear
regression) is high, but less distinctly as for neuroscience and immunology. With a relation of
0.025 for patents and publications, the general orientation of the area on technology is
comparable to immunology. For an adequate interpretation of this indicator, it has to be taken
into account, that in the life sciences, a considerable share of publications refers to pure
medical knowledge without a potential of technological exploitation. In Nanotechnology, the
potential of technological use is higher in principle, but the area is still in an early stage, so
that the number of patents is moderate.
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All in all, we can see a close correlation between the patent and publication intensities. Even
if the technological competitiveness is considered as major political aim, the adequate support
of the scientific basis is important. Against this background, the identification of centers of
excellence in a scientific perspective proves to be a relevant approach, but it should be
complemented by a technological analysis.

Fgure 4.3-5:

Patent applications and publications in the area of Nanotechnology for
selected countries with reference to GDP (GDP in billion € in purchasing
power standards 2000)
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5

Conclusions and perspectives

In this study the main objective was to identify centers of excellence in selected fields of
science. The question rises whether we were able to do that with the methodology used. The
answer from our perspective to this question is yes. We are able to identify centers of
excellence if we have adequate input from field experts. Still, in the course of this project we
encountered some problems that should be solved in order to carry out the identification in a
cost-effective way and with reliable results.
Expert input is crucial for collecting the proper publication and patent data to be used as the
basis for the analyses and particularly the delineation of fields. At present it is not possible to
collect these data without experts who are able to compile an effective search strategy to
retrieve the relevant data. These experts should not only ‘know’ the field but also have
knowledge about search strategies and their use. These experts can be supported by a search
interface to see the effect of specific search strings.
In view of the difficulties we encountered with the input of experts in order to delineate the
fields, we wonder whether this is the best approach to meet the objective. In practice, there are
two types of ‘fields’. One concerns a ‘known’ field, i.e., a field established for years and years
(e.g., genetics, immunology, and neuroscience). For these fields, delineation is much easier
because experts know the journals that cover the core of the field and they have ample
experience using search terms. The second type is the ‘developing’ field (e.g.,
nanotechnology/nanoscience and bioinformatics). In these fields there appears to be much less
consensus among experts about what should and should not be covered, there are hardly or no
journals specifically for that field, and the experts have a rather limited experience as to what
search terms to use for collecting relevant data. Furthermore, the results for the ‘known’ fields
are much easier to validate than the results for the ‘developing’ fields. As the results should in
some way refer to what the field experts expect, validation appears to be considerably easier
for the ‘known’ fields.
It should also be noted that field delineation on the basis of patents differs from publications,
because patent databases contain a well-developed classification system (the International
Patent Classification, IPC). This classification creates an additional and powerful facility to
collect the proper data. The publication databases essentially lack such an overall generic
scheme.
The above observations lead to the conclusion that implementation of our approach as
described in this report on a larger scale (i.e., applying it to hundreds of ‘fields’) is not
feasible, simply because we expect that it is impossible to get experts involved on such a large
scale in a reasonable way, without losing control over the results. Moreover, we know that the
science landscape is changing, and that particularly new and developing fields will attract
interest to identify centers of excellence. But precisely in these developing fields delineation
of the field on the basis of expert input is problematic, as discussed above. However, there are
good prospects to deal with this delineation issue, but this has to be investigated in more
detail. In principle it should be possible to start with a limited set of publications and to
enlarge this set on the basis of co-citation relations, similar keyword patterns and other
bibliometric characteristics.
With respect to the use of address data in publication and patent data, we conclude that they
may be used at the level of ‘main organization’ (university, company, research institute) in
most member states of the EU and associated states. At that level, cleaning of data by national
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experts is certainly feasible. It seems however, that problems with cleaning are not the same
in every country. Apart from the size of the country, it is well known that the science system
in countries like France (particularly, the ‘interwoveness’ of the CNRS) differs considerably
from the system in the Netherlands. The complexity of the system in France makes it almost
impossible, also for national experts, to clean the data, even on the level of organization.
Cleaning of these address data would be easier in a ‘bottom-up approach’. This means that
beforehand a limited list of organizations has to be compiled within each country. Then the
address data could be cleaned using this basic list of organizations.
With respect to linking patent and publication indicators, we have made in this project a huge
step forward as we were able to identify inventors as authors in the same field. Hence, we
were able to identify the ‘research address’ of inventors and thus to build indicators for
institutions having both patent and publication data. This enables us to find ‘bridges’ between
scientific and technological performance within an R&D field.
In this project, we created a tool for different users to enter the fields chosen for this study.
The design of this tool had to be flexible enough to be used by different types of users.
Because of the variety of users (from scientific experts to policy makers), we are not yet
completely able to determine whether the requirements of all users are satisfied. Still in view
of the purposes of this study we are convinced that we indeed have. The tool enables users to
determine their own criteria and thresholds to identify research entities of a certain
productivity or impact. In particular, the possibility to combine different indicators enhances
the utility of the tool for the different user groups considerably. On a large scale we were able
to combine patent and publication indicators, which can be considered as a major step forward
to explore the multiple aspects of excellence.
With respect to the size of research entities, we were within the scope of this project not able
to go a step below the level of ‘main organization’, e.g., from university to department. It
appeared that the quality of address data in publications on the level of departments and (if
available) faculty, was so low, that we do not provide results on department level
systematically. Moreover, the cleaning efforts for experts in the different national science
systems would be huge. Especially in larger countries like Germany, France and the UK, we
could not ask to clean the address data at any lower level than the main organization.
It should be noted that the activity and performance of these organizations are only measured
within the field. The name of the organization as mentioned in the tables and rankings do not
refer to the entire organization but only for the part active in a particular field.
Apart from these data problems, we mention the debate on the validity of performance
indicators on the level of departments. For some purposes and within particular contexts, the
entity to focus on should be even below the departments. In these cases the ‘group’ seems
more appropriate. In this study we were not able explore this, but we have ideas as to how to
deal with this. We suggest that combination of author names and organization name could be
used effectively to define groups. A combination of groups may be used to define a
department or even a faculty.
Still, as mentioned above, we were able to provide information on research in a specific field
in an efficient interactive tool, enabling the user to use his/her own criteria and thresholds to
identify research entities at the level of organization, with a particular performance.
Moreover, we provide the tool at different levels of aggregation (world, EU, and national
level).
The geographical interface can be used to localize the identified organizations. This enables a
specific user to search for entities together with the information of its geographical position.
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Appendix A: Bibliometric indicators
A1: Details of the bibliometric methodology
Research output is defined as the number of articles of the institute, as far as covered by the
Science Citation Index (SCI), the Social Science Citation Index (SSCI), or the Arts &
Humanities Citation Index (AHCI). As ‘article’ we consider the following publication-types:
normal articles (including proceedings papers published in journals), letters, notes, and
reviews (but not meeting abstracts, obituaries, corrections, editorials, etc.). We developed
software to calculate a set of standardized, basic indicators.
To discuss this set of indicators, we take the results of our recent analysis of a German
medical research institute as an example (time period 1992 – 2000). Table 1 shows in the first
column the number of papers published, P, which is also a first but good indication of the size
of an institute. This number is about 250 per year. In the second column we find the total
number of citations, C, received by P in the indicated time period, and corrected for selfcitations.
The analytic scheme is as follows. We take the last sub-period 1996-2000 as an example. For
papers published in 1996, citations are counted during the period 1996-2000, for 1997 papers
citations in 1997-2000, and so on. There is ample empirical evidence that in the natural and
life sciences -basic as well as applied- the average 'peak' in the number of citations is in the
third or fourth year after publication (Moed et al 1995). Therefore a (‘moving’ and partially
overlapping) five-year analysis period is appropriate for impact assessment.
The third and fourth indicators are the average number of citations per publication (CPP),
again without self-citations, and the percentage of not-cited papers, % Pnc. We stress that this
percentage of non-cited papers concerns, like all other indicators, the given time period. It is
very well possible that publications not cited within such a block will be cited after a longer
time. This is clearly visible when comparing this indicator for the five-year periods (e.g.,
1996-2000: 30%) with that of the whole (that is, longer) period (1992-2000: 21%). The values
found for this medical research institute are quite normal.
How do we know that a certain volume of citations, or a certain citation-per-publication value
is low or high? Therefore it is crucial to make a comparison with (or normalization to) a wellchosen international reference value, and to establish a reliable measure of relative,
internationally field-normalized impact. Furthermore, as overall, worldwide citation rates are
increasing, it is also necessary to normalize the measured impact of an institute (CPP) to
international reference values.
First, we calculate the average citation rate of all papers (world-wide) in the journals in which
the institute has published (JCSm, the mean Journal Citation Score of the institute's ‘journal
set’). Thus, this indicator JCSm defines a worldwide reference level for the citation rate of the
institute. It is calculated in the same way as CPP, but now for all publications in a set of
journals (see van Raan 1996). With help of the ratio CPP/JCSm (5th indicator) we observe
whether the measured impact is above or below international average.
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Table 1: Bibliometric analysis of a medical research institute 1992 – 2000
period
1992 - 00
1992 – 96
1993 – 97
1994 – 98
1995 – 99
1996 – 00

P
2,245
1,080
1,198
1,261
1,350
1,410

C
43,665
11,151
12,794
12,217
13,709
14,815

CPP
19.45
10.33
10.68
9.69
10.15
10.51

%Pnc
21
36
34
32
31
30

CPP/
JCSm
1.26
1.27
1.24
1.19
1.21
1.20

CPP/
FCSm
1.95
2.02
2.03
1.85
1.89
1.91

CPP/
D-FCSm
1.85
1.95
1.92
1.72
1.76
1.76

JCSm/
FCSm
1.55
1.58
1.63
1.55
1.56
1.59

%SCit
18
22
21
22
21
21

Comparison of the institute's citation rate (CPP) with the average citation rate of its journal
set (JCSm) introduces a specific problem related to journal status. For instance, if the institute
publishes in prestigious (high impact) journals, and another institute in rather mediocre
journals, the citation rate of articles published by both groups may be equal relative to the
average citation rate of their respective journal sets. But the first group evidently performs
better than the second. Therefore, we developed a second international reference level, a fieldbased world average FCSm. This indicator is based on the citation rate of all papers (worldwide) published in all journals of the field(s)13 in which the institute is active, and not only the
journals in which the institute’s researchers publish their papers. For a publication in a less
prestigious journal one may have a (relatively) high CPP/JCSm but a lower CPP/FCSm, and
for a publication in a more prestigious journal one may expect a higher CPP/FCSm, as
publications in a prestigious journal will have generally have an impact above the fieldspecific average.
We use the same procedure as the one we applied in the calculation of JCSm. A novel and
unique aspect of our comparison with both worldwide reference indicators is that we take into
account the type of paper (e.g., letters, normal article, review) as well as the specific years in
which the papers were published. This is absolutely necessary, as the average impact of
journals may have considerable annual fluctuations and large differences per article type, see
Moed and Van Leeuwen 1995, 1996).
Often an institute is active in more than one field. In such cases we calculate a weighted
average value, the weights being determined by the total number of papers published by the
institute in each field. For instance, if the institute publishes in journals belonging to genetics
and heredity, as well as to cell biology, then the FCSm of this institute will be based on both
field averages. Thus, indicator FCSm represents a world average 14 in a specific (combination
of) field(s). It is also possible to calculate FCSm for a specific country or for the European
Union. The example discussed in this paper concerns a German medical research institute and
for this institute we calculated the Germany-specific FCSm-value, D-FCSm.
As in the case of CPP/JCSm, if the ratio CPP/FCSm (6th indicator) is above 1.0, the impact
of the institute's papers exceeds the field-based (i.e., all journals in the field) world average.
We observe in Table 1 that the CPP/JCSm is 1.20, CPP/FCSm 1.91 and CPP/D-FCSm (7th
indicator) is 1.76 in the last period 1996 – 2000. These results show that the institute is
performing well above international average. The ratio JCSm/FCSm (8th indicator) is also an
interesting indicator. Is it above 1.0, the mean citation score of the institute's journal set
exceeds the mean citation score of all papers published in the field(s) to which the journals
13

We use the definition of fields based on a classification of scientific journals into categories developed by ISI.
Although this classification is not perfect, it is at present the most suitable classification available to us in terms
of an automated procedure within our data-system.
14
About 80 percent of all SCI-covered papers is authored by scientists from the United States, Western Europe,
Japan, Canada, and Australia. Therefore, our ‘world average’ is dominated by the Western world.
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belong. For the institute this ratio is around 1.59. This means that the institute publishes in
journals with, generally, a high impact. The last (9th) indicator shows the percentages of selfcitations (%Scit). About thirty percent is normal, so the self-citation rates for this institute are
certainly not high (about 20%).
We regard the internationally standardized impact indicator CPP/FCSm as our ‘crown’
indicator. This indicator enables us to observe immediately whether the performance of a
research group or institute is significantly far below (indicator value < 0.5), below (indicator
value 0.5 - 0.8), around (0.8 - 1.2), above (1.2 – 1.5), or far above (>1.5) the international
(western world dominated) impact standard of the field. We stress that in the measurement of
scientific impact one has to take into account the aggregation level of the entity under study.
The higher the aggregation level, the larger the volume in publications and the more difficult
it is to have an impact significantly above the international level. Based on our long-standing
experiences, we can say the following. At the ‘meso-level’ (e.g., a large institute), a
CPP/FCSm value above 1.2 means that the institute’s impact as a whole is significantly
above (western-) world average.
Particularly with a CPP/FCSm value above 1.5, such as in our example, the institute can be
considered as scientifically strong, with a high probability to find very good to excellent
groups. Thus, the next step in a research performance analysis is a breakdown of the
institution into smaller units, i.e., research groups and/or programs. Therefore the bibliometric
analysis has to be applied on the basis of institutional input data on personnel and composition
of groups.
Then, the bibliometric algorithms can be repeated efficiently on the lowest but most important
aggregation level, that of the research group or research program. In most cases the volume of
publications at this level is between 10 and 20 per year. At the group level a CPP/FCSm
value above 2 indicates a very strong group, and above 3 the groups can be, generally,
considered as excellent and comparable to top-groups at the best US universities. If the
threshold value for the CPP/FCSm indicator is set at 3.0, we filter out the excellent groups
with high probability.
As an additional indicator of scientific excellence, we determines for the target entity the
number of publications within the top-10% of the worldwide impact distribution of the field
concerned (P10)
For all above indicators we also perform a breakdown into types of scientific co-operation
according to the publication addresses: work by only the unit itself; in a national
collaboration; or in an international collaboration.
A further important part of our bibliometric methodology is the breakdown of the institute's
output into research fields. This provides a clear impression of the research scope or ‘profile’
of the institute. Such a spectral analysis of the output is based on the simple fact that the
researchers publish in journals of many different fields. Our example, the German medical
research institute, is a center for broad, medical science oriented, molecular research. The
researchers of this institute are working in a typical interdisciplinary environment. The
institute’s publications are published in a wide range of fields: biochemistry and molecular
biology, genetics and heredity, oncology, cell biology, and so on.
By ranking fields according to their size (in terms of numbers of publications) in a graphical
display, we construct the research profile of the institute. Furthermore, we provide the impact
of the institute’s research in these different fields with help of CPP/FCSm as impact indicator
normalized for each the fields separately. Figure 1 shows the results of this bibliometric
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spectroscopy. Thus it becomes immediately visible in which fields within its interdisciplinary
research profile the institute has a high (or lower) performance (van Raan 2000b).
In Fig. 1 we observe the scientific strength of the target institute: its performance in the topfour fields is high to very high. If we find a smaller field with a relatively low impact (i.e., a
field in the lower part, the ‘tail’ of the profile), this does not necessarily means that the (few)
publications of the institute in this particular field are ‘bad’. Often these small fields in a
profile are those that are quite ‘remote’ from the institute’s core fields. They are, so to say,
peripheral fields. In such a case, the group’s researchers may not belong to the dominating
international research community of those fields, and as the consequence their work will be
not be cited as frequently as the work of these dominating (‘card holding’) community
members.
In a similar way, we construct a profile of the citing publications into fields of science, i.e.,
the ‘users’ of scientific results (as far as represented by citing publications). This ‘knowledge
users’ profile is a powerful indicator of who is using which research results, where (in which
fields) and when. Thus it analyses knowledge diffusion and knowledge use and it indicates
further interdisciplinary ‘bridges’, potential collaboration, and possible ‘markets’ in the case
of applied research.
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Figure 1: Research profile of medical research institute, 1992 -2000
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A2. Timeliness of the bibliometric method
Example of ‘process time’ (in terms of age) of publication, references, citations
Publication in Physical Review Letters, vol. 88, page 138701, year of publication
2002 (April, 1)
Cited Articles:
S. H. Strogatz, Nature 410, 268 (2001).
R. Albert and A. -L. Barabási, Rev. Mod. Phys. 74, 47 (2002).
S. N. Dorogovtsev and J. F. F. Mendes, Adv. Phys. (to be published).
R. Albert, H. Jeo ng, and A. -L. Barabási, Nature 401, 130 (1999).
B. A. Huberman and L. A. Adamic, Nature 401, 131 (1999);
R. Kumar et al., in Proc. of the 25 th Int. Conf. on Very Large Databases (Morgan Kaufmann Publ., San
Francisco, 1999), p. 639;
A. Broder et al., Comput. Netw. 33, 309 (2000);
P. L. Krapivsky, S. Redner, and F. Leyvraz, Phys. Rev. Lett. 85, 4629 (2000);
S. N. Dorogovtsev, J. F. F. Mendes, and A. N. Samukhin, . Phys. Rev. Lett. 85, 4633 (2000);
A. Vazquez, Europhys. Lett. 54, 430 (2001).
M. Faloutsos, P. Faloutsos, and C. Faloutsos, Comput. Commun. Rev. 29, 251 (1999);
G. Caldarelli, R. Marchetti, and L. Pietronero, Europhys. Lett. 52, 386 (2000);
A. Medina, I. Matta, and J. Byers, Comput. Commun. Rev. 30, 18 (2000);
R. Pastor -Satorras, A. Vazquez, and A. Vespignani, arXiv:cond -mat/0105161;
L. A. Adamic et al., Phys. Rev. E 64, 046135 (2001).
F. B. Cohen, A Short Course on Computer Viruses (Wiley, New York, 1994);
R. Pastor -Satorras and A. Vespignagni, Phys. Rev. Lett. 86, 3200 (2001);
R. Pastor -Satorras and A. Vespignagni, Phys. Rev. E 63, 066117 (2001);
F. Liljeros, C. R. Edling, L. A. Nunes Amaral, H. E. Stanley, and Y. Åberg, Nature 411, 907 (2001).
A.-L. Barabási and R. Albert, Science 286, 509 (1999).
Y. Ijiri and H. A. Simon, Skew Distributi ons and the Sizes of Business Firms (North -Holland, Amsterdam,
1977).
G. Bianconi and A. -L. Barabasi, Europhys. Lett. 54, 436 (2001).
A. F. J. Van Raan, Scientometrics 47, 347 (2000).
L. A. N. Amaral, A. Scala, M. Barthélémy, and H. E. Stanley, Proc. Natl. Acad. Sci. U.S.A. 97, 11 149
(2000).
H. A. Simon, Models of Bounded Rationality: Empirically Grounded Economic Reason (MIT Press,
Cambridge, 1997).
The first citing articles are in the same year as the cited publication, examples:
Marc Barthélemy et al. , Phys. Rev. E 66, 056110 (2002)
Petter Holme, Phys. Rev. E 66, 036119 (2002)
Holger Ebel et al., Phys. Rev. E 66, 035103 (2002)
Haijun Zhou, Phys. Rev. E 66, 016125 (2002)
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Appendix B: Cognitive mapping methodology
The main aspects of the general methodology of cogn itive bibliometric mapping are
outlined. They concern the selection of field keywords, the clustering of these keywords
(identification of sub -domains), and the two -dimensional scaling of the identified field
sub-domains.
Field keyword selection
The select ion of keywords to structure the bibliographic database, representing the field
under study, is a procedure based on four word characteristics:
•

lexical features;

•

linguistic characteristics;

•

bibliometric distribution;

•

semantic scope.

First of all, only noun phrases (NPs) can become field keywords. In order to identify
noun phrases in English texts, we use a 'noun phrase extractor' developed by Connexor
OY in Finland (Englite). The process from text to NPs is described in the scheme below.
Preprocessing

?
Morphological analysis

?
Constraint Grammar parsing

?

?

NP-hostile finite state
parsing

NP-friendly finite state
parsing

?

?

NP extraction

NP extraction

?

?

Intersection of noun phrase sets
Source: Voutilainen (1993)

Englite system flowchart
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The identified NPs are divided into two groups: the single word NPs (SWNP) and the
multiword NPs (MWNP). At first, only a MWNP becomes a field keyword. From the list
of MWNPs a list of phrases is withdrawn because they are used in text primari ly for other
reasons than to describe contents of research. Their semantic scope is outside scientific
research. In the near future, we will be able to rule out such phrases on the basis of their
bibliometric distribution within science.
Furthermore, some minor unification is conducted to words and phrases for efficiency
and esthetical reasons. It concerns unification of plural to singular form not identified by
Englite, and unification of full terms to acronyms and abbreviations. In each project this
list is adjusted, because word unification in one field can have unwanted effects in
another.

Field keyword selection flowchart
The selection of field keywords from the list of candidates is presently established on the
basis of their bibliometric distri bution, and (if possible) the input of a field expert. For
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each MWNP, we count the number of appearances in titles on the one hand, and in
abstracts on the other within the field under study, as well as the number of appearances
in titles in science as a w hole. A combination of these three figures, indicates both the
specificity of the NP within the field and its 'centrality' within the field.
The expert input is directed at two sources of information:
•

the excluded list of single word noun phrases (SWNPs) ;

•

the preliminary list of selected field keywords within its cognitive context (see
next section).

By using an 'on-line' feedback form, the field expert is able to remove preliminary
selected keywords or to add preliminary excluded NPs from the two lists . A flowchart of
the selection procedure is depicted below.
Keyword clustering and sub -domain identification
In order to identify sub -domains within a field, the selected keywords are clustered into
groups on the basis of their similar cognitive orientati on. At first, this cluster structure is
used to provide a cognitive context for each preliminary selected keyword. In the final
stage, this cluster structure is used to delineate sub -domains within the field.
The clusters are identified by a cluster analys is on a normalized co -occurrence matrix.
The matrix is composed by the keyword co -occurrences in the set of publications
defining the field in a certain period of time. It will depend on the aims of a project,
which period of time this is. The co -occurrence matrix looks like the example below,
where each cell contains the number of times that the row and the column item appear
together in a publication.

keyword #1
keyword #2
keyword #3
…

keyword #1
100
30
80
…

keyword #2
30
50
0
…

keyword #3
80
0
100
…

…
…
…
…
…

Keyword co-occurrence matrix sample
In the above sample, keyword #1 appears in 100 publications. In 30 publications it co occurs with keyword #2, which appears in 50 publications.
The 'raw data' matrix is normalized in such a way that the similarity of keywords is no
longer based on the pair -wise co-occurrences, but rather on the cognitive orientation of
two keywords in relation to all other keywords. The similarity is thus calculated on the
co-occurrence profiles of keyword #1 and keyword #2 with all other keywords. In other
words the vector of #1 and #2, as defined by the co -occurrences with other keywords, is
compared. The similarity is calculated on the based of the cosine index (the cosine of
vectors):
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Cosine of co-occurrence vectors
The recalculated matrix is input for a cluster analysis. In most cases, we use a
hierarchical cluster algorithm with complete linkage.
The number of clusters to be formed is determined by combining three criteria provided
by SAS ® (local peak of the c ubic clustering criterion (CCC) and the Pseudo F statistic,
together with a low Pseudo T 2 and a much higher Pseudo T 2 at the next cluster fusion). Of
course, the determination of the number of clusters is related to the issue addressed in the
mapping study. If a very coarse structuring of a field is required, a high number of
clusters seems not appropriate. It should be noted that any number of clusters represents a
structure of the field. In other words: both a structure based on 5 clusters as well as a
structure based on 50 clusters is able to represent a field. In the former case, however,
certain details provided by the latter may are not revealed.
The identified clusters of keywords represent field sub -domains. These sub -domains are
labeled with a name by the four most frequent keywords in a cluster.
Mapping sub -domains by MDS
In order to build a map of the field, the sub -domains are positioned in a two -dimensional
space. Each sub-domain represents publications on the basis of keyword occurrence. If
any of the keywords is in a publication, it will be attached to the sub -domain to which the
keywords belong. Thus, publications may be attached to more than one sub -domain. The
overlap between sub -domains can be used to create a co -occurrence matrix (c.f., k eyword
co-occurrence matrix in the previous section). A normalization of the sub -domain cooccurrences is performed is established by a cosine similarity matrix (c.f., previous
section). The sub -domains are positioned in two dimensions by multidimensional scaling
(MDS: ordinal). The resulting field map renders the cognitive similarity of sub -domains
as measured by the distance between them. The distance is determined by the cognitive
orientation of sub-domains in relation to all other, in such a way, that s ub-domains with a
similar cognitive profile are in each other's vicinity, and sub -domains with different
orientation are distant from each other.
The map provides information about the number of publications represented by a sub domain as well. The size o f a sub-domain (the surface of a circle) indicates the share of
publications represented in relation to the full number in the whole field.
Finally, the pair -wise cognitive relation between two individual sub -domains is indicated
by a connecting line. As the whole map is a representation of similarity between sub domains (taking into account all co -occurrence relations), connecting lines enhance the
structure by emphasizing pair -wise relations. A pair -wise relation is measured by a
normalized similarity of the Salton index.
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Where:
Cxy is the number of co -occurrences of x and y;
Cx is the number of occurrences of x; and
Cy is the number of occurrences of y.

Salton index

References
Voutilainen, A. (1993), 'NPtool, a Detector of English Noun Phrases'. In: Proceedings of
the Workshop on Very Large Corpera 1993 . Ohio State University, Columbus Ohio.
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Appendix C: Flow chart of the field delineation procedure

Note: Dashed boxes are optional
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Appendix D: Field delineations
Nanotechnology
Search terms:
nano* NOT (nanomet* OR nano2 OR nano3 OR nano4 OR nano5 OR nanosecon* OR nano secon*)
OR
nanomet* scale* OR nanometerscale* OR nanometer length OR nano meter length
nanoa* OR nanob* OR nanoc* OR nanod* OR nanoe* OR nanof* OR nanog* OR nanoh* OR nanoi
OR nanoj* OR nanok* OR nanol* OR nanon* OR nanoo* OR nanop* OR nanoq* OR nanor* OR
nanot* OR nanou* OR nanov* OR nanow* OR nanox* OR nanoy* OR nano z* OR nano
atom* force microscop*
tunnel* microscop*
scanning probe microscop*
scanning force microscop*
semiconductor quantum dot
silicon quantum dot
quantum dot array
coulomb blockade
self-organized growth
Drug carriers
positional assembly
modified virus
molecular templates
supramolecular chemistry
(drug delivery OR drug targeting OR gene therapy O R gene delivery) AND (polymer OR particles OR
encapsulation OR conjugate)
Immobilized AND (DNA OR template OR primer OR oligonucleotide OR polynucleotide)
Polymer AND (protein OR antibody OR enzyme OR DNA OR RNA OR polynucleotide OR virus)
Surface modif ication AND (self assembling OR molecular layers OR multilayer OR layer -by-layer)
Self assembling AND (biocompatibility OR bloodcompatibility OR blood compatibility OR cellseeding
OR cell seeding OR cell therapy OR tissue repair OR extracellular matrix OR tissue engineering OR
biosensors OR immunosensor OR biochip OR nano -particles OR cell adhesion)
Site-specific AND (gene therapy OR drug delivery OR gene delivery)
Encapsulation AND virus
(Patterns OR patterning) AND (organized assemblies OR biocompatib ility OR bloodcompatibility OR
blood compatibility OR cellseeding OR cell seeding OR cell therapy OR tissue repair OR extracellular
matrix OR tissue engineering OR biosensors OR immunosensor OR biochip OR cell adhesion)
Single molecule
molecular motor
molecular beacon
biosensor
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Appendix E: Patent analyses
ad 2.2.6 (Nanotechnology)
Table A-6:

Search strategy for patent applications in Nanotechnology
Source: Fraunhofer, ISI

S (((NANOMETER# OR N ANOMETRE# OR NM OR S UBMICRO?) AND (CHIP# OR ELECTRON?
OR ENGINEERING OR DIAMETE R OR SIZE# OR LAYER# OR SCALE OR ORDER O R RANGE OR
DIMENSIONAL))/TI NOT (WAVELENGTH# OR ROU GHNESS OR ABSORB?)/T I)
S (((NANOMETER# OR N ANOMETRE# OR NM OR S UBMICRO?)(A)(CHIP# O R ELECTRON? OR
ENGINEERING OR DIAME TER OR SIZE# OR LAYE R# OR S MALL? OR SCALE OR OR DER OR
RANGE OR DIMENSIONAL )) NOT (WAVELENGTH# OR ROUG HNESS OR ABSORB?))
S (((NANOMETER# OR N ANOMETRE# OR NM OR S UBMICRO?)(2W)(CHIP# OR ELECTRON? OR
ENGINEERING OR DIAME TER OR SIZE# OR LAYE R# OR SMALL? OR SCAL E OR ORDER OR
RANGE OR DIME NSIONAL)) NOT (WAVEL ENGTH# OR ROUGHNESS OR ABSORB?))
S (NANOPARTICL? OR N ANO(W)PARTICL?) NOT (ABSORB? OR INK OR P OLISH?)
S (NANOANALY? OR NAN OBAR? OR NANOBOT# OR NANOCAGE# OR NANOCH ANNEL? OR
NANOCERAMIC OR NANOC HANNEL# OR NANOCHIP# OR NANOCIRCUITRY OR
NANOCLUSTER# OR NANOCOA TING# OR NANOCOLL? O R NANOCOMPUT? OR
NANOCOMPOS? OR NANOC ONDUCT? OR NANOCRY O R NANOCRYSTAL? OR NA NODEVICE#
OR NANODES)
S (NANODIMENSIONAL O R NANODISPERS? OR NA NODOMAIN# OR NANODRO P? OR
NANOENGIN? OR NANOEL ECTR? OR NANOFABRIC? OR NANOFEA TURE# OR NANOARRAY?
OR NANOBIO? OR NANOR EACT? OR NANOCATAL? OR NANOPHOTO? OR NAN OHOL? OR
NANOPIT# OR NANOPILL AR#)
S (NANOGAP# OR NANOG EL OR NANOGLASS? OR NANOGRAIN? OR NANOGR ANULAR OR
NANOGRID? OR NANOIMP RINT? OR NANOINDENTA TION OR NANOINSTRUCT IONS OR
NANOILLUMINATION)
S (NANOLAYER? OR NAN OLITHO? OR NANOMACHI N? OR NANOMANIPULATO R# OR
NANOMAGNET? OR NANOM ATERIAL?)
S (NANOMECHANICAL OR NANOMEMBRANE OR NAN OMETRIC? OR NANOMICR ? OR
NANOMOTOR# OR NANOPE PTID? OR NANOPHASE# OR NANOPHOTOLITHOGRA PHY OR
NANOPIPEL? OR NANOPLOTTER# OR NAN OPOWDER# OR NANOSENS OR# OR NANOSCALE?
OR NANOARCHITECTURE OR NANOPA TTERN OR NANOCAVITIY)
S (NANOPOR? OR NANOP RINTING OR NANOPROBE S OR NANOPROCESS? OR
NANOPROGRAM? OR NANO RIBBONS OR NANOROD# OR NANOROPE# OR NANO SCIEN? OR
NANOSCOP? OR NAN OSCRATCHING OR NANOS EMICONDUCTOR# OR NAN OSENS? OR
NANOSEQUENCER OR NAN OSILIC? OR NAN OSILVER OR NANOSIZ?)
S (NANOSPHER? OR NAN OSPREADING OR NANOST ATS OR NANOSTEP? OR NANOSTRUCT?
OR NANOSUBSTRATE OR NANOSUSPENSION OR NA NOSWITCH? OR NANOSYS T? OR
NANOTECHNOLOG ? OR NANOTEXTUR? OR NANOTIPS OR NANOTRIB OLOGY OR
NANOTROPES OR NANOTU B? OR NANOWIRE? OR N ANOWHISK?)
S (NANOTOPOGRAPHY OR NANOCHEMISTRY OR NA NOREGOGNITION OR NAN ODOT OR
NANOPUMP# OR NANOCAP S?)
S SCANNING PROBE MIC ROSCOP? OR SCANNING TUNNEL? MICROSCOP? O R SCANNING
FORCE MICROSCOP? OR ATOMIC FORCE MICROSC OP? OR NEAR FIELD MI CROSCOP?
S FUNCTIONALLY COATE D SURFACE# AND NANO?
S (BIOCHIP OR BIOSEN SOR) AND (A61# OR G0 1N OR C12Q)/IC
S DNA(W)CMOS
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S (BACTERIORHODOPSIN OR BIOPOLYMER# OR B IOMOLECULE#)AND (G11 # OR G02# O R
G03# OR G06#)/IC
S BIOMOLECULAR TEMPL AT? OR VIRUS(2A)ENCA PSULATION OR MODIFIE D VIRUS
S NANO? AND IMPLANT?
S (PATTERN? OR ORGAN IZED) AND (BIOCOMPAT ABILITY OR BLOODCOMP ATABILITY OR
BLOOD COMPATABILITY OR CELL SEEDING OR C ELLSEEDING OR CELL T HERAPY OR
TISSUE REPAIR OR EXTRACE LLULAR MATRIX OR TIS SUE ENGINEERING OR B IOSENSOR#
OR IMMUNOSENSOR# OR BIOCHIP OR CELL ADHE SION)
S MICRO?(2A)NANO?
S NANO(W)(ARCHITECT? OR CERAMIC OR CLUST ER# OR COATING# OR C OMPOSIT## OR
CRYSTAL?)
S NANO(W)(DEVICE# OR DISPERSE# OR DIME NSIONAL OR DISPERSIO N# OR DROP# OR
DROPLET OR ENGINEERI NG OR ENGINEERED OR ELECTRODES OR ELECTRONIC#)
S NANO(W)(FABRICATED OR FABRICATION OR F ILLER# OR GEL OR GRA IN? OR IMPRINT
OR IMPRI NTED OR LAYER#)
S NANO(W)(MACHINE# O R MANIPULATOR# OR MA TERIAL# OR MECH ANICAL OR
MEMBRANE OR METRIC?)
S NANO(W)(PHASE# OR POWDER# OR PORE# OR PORO? OR PRINTING OR ROD# OR SCALAR)
S NANO(W)(SIZE? OR S PHER# OR STRUCTURE# OR STRUCTURING OR SU SPENSION OR
SYSTEM# OR TECHNOLOG ?)
S NANO(W)(TEXTUR? OR TIPS OR TROPES OR T UB? OR WIRE? OR WHISK?)
S ATOMIC(W)LAYER# OR MOLECULAR TEMPLATES OR SUPRAMOLECULAR C HEMISTRY
OR MOLEC ULAR MANIPULATION
S QUANTUM DEVICE# OR QUANTUM DOT# OR LAN GMUIR BLODGETT OR QU ANTUM WIRE?
S SINGLE ELECTRON? T UNNELING OR MOLECUL? ENGINEER? OR MOLECU L?
MANUFACTUR?
S MOLECUL? SELF ASSEMB L? OR ULTRAVIOLET LI THOGRAPHY OR PDMS ST AMP OR SOFT
LITHOGRAPHY
S FULLEREN? OR MOLEC ULAR MOTOR OR MOLECU LAR BEACON OR NANO
ELECTROSPRAY OR ION CHANNELS OR MOLECULE CHANNELS
S LAB(3W)CHIP
S (NANOFILT? OR NANO FIB? OR NANOFLUID?) AND (C0## OR A61# OR B0##)/IC
S (ELECTRON BEAM WRI TING) AND (H01L OR H 01J)/IC
S MONOLAYER AND (G03 G OR H01J)/IC
S THIOL AND H01L/IC
S (B82B OR A61K009 -51 OR G01N013 -10 OR G12B021)/IC
S L1-L39
Note:
#
!
?
W
2A

truncation up to one character (0 or 1)
truncation of exactl y one character (1)
unlimited truncation (0 or any number)
directly adjacent terms in order specified
adjacent terms in any order, separated by up to 2 words
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ad 2.3.5

Linkage of inventor names and institutions in SCI

Table A-7:

Matched inventor names in the SCI (all fields, total numbers)

Genetics
Neurosciences
Immunology
Bioinformatics
Nanotechnology

ad 2.3.6

Table A-8:

Inventor names sent to CWTS Inventor names matched by CWTS
18930
6167
8541
5458
20324
7293
374
80
3348
1303

Qualitative analysis of matched CWTS inventor -institution pairs

Non-matches and matches (inventor -institution pairs) across all fields

Genetics
Neurosciences
Immunology
Bioinformatics
Nanotechnology

Table A-9:

UK
Germany
Denmark
Netherlands
France
Switzerland
Sweden
Spain
Belgium
Israel
Austria
Iceland
Italy
Finland
Ireland
Norway

Non-matches
1267
2056
1730
23
184

Matches
4900
3402
5563
57
1119

Total CWTS matches
6167
5458
7293
80
1303

Non-matches (inventor -institution pairs) across fields and countries
Genetics
862
148
102
42
35
23
20
14
7
5
5
2
1
1
0
0

Neurosciences
1337
337
118
48
69
21
31
30
6
13
1
0
25
12
5
3

Immunology
1085
236
123
78
79
29
28
4
17
21
11
0
11
3
3
2

Biocomputing
23
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Nanotechnology
35
115
2
4
12
6
3
0
1
1
0
0
0
1
4
0
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Table A-10:

Full and partial matches (inventor -institution pairs) across all fields

Genetics
Neurosciences
Immunology
Bioinformatics
Nanotechnology

Table A-11:

UK
Germany
France
Netherlands
Denmark
Austria
Belgium
Switzerland
Sweden
Italy
Ireland
Finland
Spain
Israel
Portugal
Norway
Slovakia

Full match Partial match All matches
3955
945
4900
2812
590
3402
4631
932
5563
57
0
57
1033
86
1119

Partial matches (inven tor-institution pairs) across all fields
Genetics Neurosciences Immunology
412
284
348
258
114
241
77
42
47
51
10
48
40
33
43
21
4
14
20
31
29
15
14
51
12
23
71
12
19
9
10
6
4
8
12
7
6
5
2
4
6
18
1
0
0
0
1
4
0
1
0

Nanotechnology
22
36
3
9
3
3
2
2
11
2
1
0
0
3
0
0
0

103

ad 2.3.7
Implementation of matched inventor -institution pairs into the in house patent database
Table A-12:

Results of cleaning procedure; three sources of institutional inform ation
(Genetics), absolute numbers

before cleaning; N=15427
after cleaning; N=9826

Table A-13:

Applicant field Inventor field
7215
3312
6084
666

Full or partial match with SCI
4900
3076

Results of cleaning procedure; three sources of institutional inform ation
(all other fields), absolute numbers

Neurosciences (N=5228)
Immunology (N=10459)
Bioinformatics (N=173)
Nanotechnology (N=1657)

Applicant field Inventor field
2844
180
6841
157
129
4
1043
22

Full or partial match with SCI
2204
3461
40
592
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ad 2.3.8

Aggregation and categorization of institutional entries

Figure A-1:

Letter to country experts

Dear colleague ,
In the project "Mapping R&D Excellence in Europe", various lists of institutions were
generated by database analysis. For achieving reliable results, it is necessary to check the
accuracy of these lists. The European Commission transferred us your name as contact
point for Belgium with regard to the fields of nanotechnology and neuroscience.
Please find enclosed an institutional list referring to these fields and your country; these
lists are the result of patent analyses. Please send them back to us u ntil
30 September 2002.
We know that this is a tight deadline. But the lists of the patent analysis are much shorter
than those of the publication analysis, so that the necessary amount of work is limited. In
separate files, we describe what shall be do ne for the institutional a djustment.
Sincerely yours,

Dr. U. Schmoch
Fraunhofer ISI
Karlsruhe, Germany
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Figure A-2:

Instruction for country experts (attached to letter)

Institutional Adjustment for Patent Analysis
In the project "Mapping R&D Excelle nce in Europe", our institute performed a pa tent
analysis. One output of this work is a list of institutions with patent activities, broken
down by country. For a final exploitation, these lists need further adjus tment, and we
would like to ask you for sup port in this matter.
The aim of the adjustment is to bring together different institutional names referring to
the same institution. It is possible that one institution appears with different names due to
spelling errors
the use of different sources o f information
the inconsistent self-description of an organization.
For instance, the exploitation of different sources of information sometimes has the effect
that the organizational name is presented in its native language and in English in parallel.
How you can you help us
Please find enclosed the file Nano_CH_demo.xls. In the first column (column A), the
names of relevant institutions, in this case Swiss institutions, are registered in
alphabetical order. In the second column, the apparent town of residence – as matched
from a different database – is given. In the third column (column C), the "institution
number" is recorded.
We ask you to fill in additional information on institutional linkages in the fourth column
(column D). For example, ECOLE POLYTECHNIQUE FEDERALE DE LAUSANNE
(EPFL) (institution number 9) appears a second time as SWITZERLAND/LAUSANNE/
SWISS FED INST TECHNOL EPFL (institution number 24). Please indicate in column
D for both cases the institution number of the version which you think is the relevant one.
In the example, we chose number 24, the English version. The case of EPFL is obvious.
In other cases, however, we need your support, as we do not know the national structures
in detail.
It is not necessary to fill in column D i n all cases. This should only be done for
institutions with different names. For the project, only the main organization is of
interest.
In the case of university institutes or centers, only the university is of interest.
- In the case of large companies , the affiliations have to be linked to the parent
company.
- As an exception, the different institutes of non -university research organizations, the
institute/centre is considered the main organization, for instance, in the case of the
Fraunhofer Institu te for Production Technology and Applied Material R esearch
(IFAM), the IFAM is the relevant unit, not the parent organization Fraunhofer Society.
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In the case of names in different languages, please refer to the English version, b ecause it
is easier to link it to the Science Citation Index. This will be done in subs equent steps of
the project.
Finally, we ask you to indicate the type of institution in the fifth column (column E).
Please differentiate between the following types of institution:
1
Non-profit research institution (e.g. university, publicly funded research centre)
2
Patent, license or transfer organization acting on behalf of an institution of type 1
3
For-profit research institution
4
Enterprise
If you have any questions, please send a messag e to
Dr. Ulrich Schmoch
E-Mail: us@isi.fhg.de
We will answer as soon as possible. After checking the files, please send them back until
30 September 2002 to the e -mail address mentioned.
Thank you for your support!
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Table A-14:

Example sheet "Switzerlan d" sent to country experts
Institution

Town

ABB RESEARCH LTD.

8050 Zuerich

Alcan Technology & Management AG

8212 Neuhausen am Rheinfall

Andromis S.A.

1207 Genève

Barth Fruit AG

4010 Basel

Ciba Specialty Chemicals Holding Inc.

4057 Basel

CONTRAVES SPACE AG

8052 Zuerich

DEBIO RECHERCHE PHARMACEUTIQUE S.A.

CH-1920 Martigny

Eco 2? SA

6805 Mezzovico

ECOLE POLYTECHNIQUE FEDERALE DE LAUSANNE (EPFL)

1015 Lausanne

Eidgenoessische Materialpruefungs- und Forschungsanstalt Empa Thun

3602 Thun

Emil Flachsmann AG

CH-8820 Waedenswil

F. HOFFMANN-LA ROCHE AG

4070 Basel

Givaudan SA

1214 Vernier-Genève

Incoat GmbH

8224 Loehningen

METAUX PRECIEUX SA METALOR

2009 Neuchâtel

Mettler-Toledo GmbH

8606 Greifensee

Microchemical Systems S.A.

2035 Corcelles

Physik-Institut

8057 Zuerich

Schibli Engineering GmbH

4503 Solothurn

SWITZERLAND/BASEL/NOVARTIS PHARMA AG

BASEL

SWITZERLAND/BASEL/ROCHE AG

BASEL

SWITZERLAND/BASEL/UNIV BASEL

BASEL

SWITZERLAND/GENEVA/UNIV GENEVA

GENEVA

SWITZERLAND/LAUSANNE/SWISS FED INST TECHNOL EPFL

LAUSANNE

SWITZERLAND/LAUSANNE/UNIV LAUSANNE

LAUSANNE

SWITZERLAND/NEUCHATEL/CSEM SA

NEUCHATEL

SWITZERLAND/NEUCHATEL/UNIV NEUCHATEL

NEUCHATEL

SWITZERLAND/RUSCHLIKON/IBM CORP

RUSCHLIKON

SWITZERLAND/VILLIGEN/PAUL SCHERRER INST

VILLIGEN

SWITZERLAND/ZURICH/SWISS FED INST TECHNOL ETHZ

ZURICH

SWITZERLAND/ZURICH/UNIV ZURICH

ZURICH

Syngenta Participations AG

4058 Basel

Tec-Sem AG

8274 Taegerwilen

Tetra Laval Holdings & Finance S.A.

1009 Pully

Tetra Laval Holdings & Finance SA

1009 Pully

Unaxis Trading AG

9477 Truebbach

UNIVERSITE DE NEUCHATEL

2000 Neuchatel

Vantico AG

4057 Basel

VESIFACT AG

6340 Baar

VESIFACT AG

6342 Baar 2

White Spot AG

6342 Baar

ZW Biomedical Research AG

3008 Bern

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Relev. no
1
2
3
4
5
6
7
8
24
10
11
21
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
34
36
27
38
39
39
41
42

Type
4
4
4
4
4
4
4
4
1
1
4
4
4
4
4
4
4
1
4
4
4
1
1
1
1
4
1
4
1
1
1
4
4
4
4
4
1
4
4
4
4
4

Annex Type
1 = Non-profit research institution (e.g. university, publicly funded research centre)
2 = Patent, license or transfer organisation acting on behalf of an institution of type 1
3 = For-profit research institution
4 = Enterprise
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ad 2.4.2
Table A-15:

non-profit
for profit

Table A-16:

non-profit
for profit

Institutional differentiation: profit and non -profit institutions
Absolute number of profit and non -profit institutions before cleaning (all
fields)
Genetics Neurosciences Immunology Bioinformatics Nanotechnology
2053
837
2089
27
330
4414
2170
4866
118
757

Absolute number of profit and non -profit institutions after cleaning (all
fields)
Genetics Neurosciences Immunology Bioinformatics Nanotechnology
5116
2834
5318
56
867
4710
2394
5141
117
790
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Table A-21:

before
Germany
France
UK
Netherlands
Switzerland
Italy
Israel
Belgium
Ireland
Spain
Sweden
Denmark
Luxembourg
Austria
Finland
Norway
Cyprus
Czech Republic
Estonia
Hungary
Poland

Absolute number of profit and non -profit institutions before and after
cleaning (Nanotechnology)
non-profit
129
80
60
15
10
7
7
7
5
4
3
2
1
0
0
0
0
0
0
0
0

for profit
316
127
63
38
46
22
21
15
17
4
37
7
3
14
14
12
1
0
0
0
0

after
Germany
UK
France
Sweden
Switzerland
Israel
Netherlands
Italy
Belgium
Ireland
Austria
Denmark
Spain
Finland
Hungary
Luxembourg
Czech Republic
Estonia
Poland
Norway
Cyprus

non-profit

for profit
380
144
139
43
29
29
27
21
12
10
9
9
6
3
2
1
1
1
1
0
0

329
68
132
37
53
20
37
23
15
17
14
9
4
14
0
3
0
0
0
14
1
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Figure A-12: For- profit and non-profit institutions at patent document level before
cleaning/matching in Nanotechnology
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Figure A-13: For- profit and non-profit institutions at patent document level after
cleaning/matching in Nanotechnology
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Figure A-14: Additional share of non -profit institutions at the country level after
cleaning/matching in Nanotechnology
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Annex F: User interface
Form to run a full profile.
Figure 5-1: Form to run a complete bibliometric profile
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