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International scientific influence is a crucial paramaig¢he assessment of research
performance. Recognition can be considered as an imparteasurable aspect of scientific
quality. Standardized, bibliometric procedures have beerafmaeto assess research
performance within the framework of international infloeror impact. Bibliometric methods
are applicable for the large majority of the natutsd, medical, the applied sciences, and
several fields within the social and behavioural sciences.

Citation-analysis of the output fromuaiversitydoes yield in many situations a strong
indicator of scientific performance, and in particudéscientific quality. An important and
necessary condition is that the citation analysgerformed on the basis of an advanced
bibliometric methodHere, research output is defined as the number ofesitias far as
covered by the Internet Web of Science, (incl. S@dbitation Index SCI, the Social Science
Citation Index SSCI, and the Arts & Humanities Citatiadex AHCI).

Methodology for bibliometrics identification

A crucial part of the methodology concerns the readi@f documents — i.e. the bibliometric
identification. All relevant articles from an instikon can be found using a combination of
different routines for retrieval, both manual and awtben We have used strategies based on
Internet Web of Science, e.g. downloading all artibe§&erman origin from 1998 or 2004
gives information on the different addresses used bynas®a from UNI-Karlsruhe. Then

all variants of addresses are used for a script searclardpthbase. The basic strategy have
been to identify a term that includes all articles fitva university under study, e.g.
Turin/Turino or Leuven/Louvain, and then using different sg&s in order to identify
articles from the specific university. At the end of thay there has to be some manual work
like using Excel-filter technique etc. in order to come up witlirly correct number of
articles.

"HS &% # ($ "$&

In order to find out whether a certain volume oftwtas, or a certain citation-per-publication
value, is high or low, it is necessary to have aeridtional reference value. To that end we
apply a normalization method and have established dleelacasure aklative,
internationally field-normalized impacCitation rates are increasing. Therefore it is irtguar
to normalize the measured impact of a research grougstitute (number of citations per
publication,CPP) to international reference values.

To achieve this we calculate the average citation feaé papers on a world level in
the journals in which the university has published. This indida calledJCSor JC§mean§
and reveals the mean Journal Citation Score of theripl set”. Thus, this indicatdCS
defines a worldwide reference level for the citation cdite university. It is calculated for all
relevant publications in a set of journals.

! The methodology was originally developed by Braun & Glirsas T. Braun, W. Glanzel, A. Schubert,
“Publication Productivity. From Frequency DistributionsScientometric IndicatorsJ. Inf. Sci, 16 (1990)
37-44 and has been taken further by the Leiden group; @.dRaan, AFJ. (1996). “Advanced bibliometric
methods as quantitative core of peer review based evaluaid foresight exercisesScientometrics
36(3):397-420This report strictly follows the format for Leiden re ports.

2 For reasons of simplification we take this procedureoahting averages for granted in the following.



Type of article (article, letter note or review) ikea into accounso that different
reference valuesare designed for each type. This is important, asantaates for reviews
compared to articles might be relatively higher. In add; reference values should be
designed for each year. The rafl®P/JCShelp us to observe whether the measured impact is
aboveor belowinternational average.

Comparison of the citation rate with the averagationh rate of the journal set
introduces a problem related to journal status. For instaihan institution publishes in
prestigious (high impact) journals, and another instituitiorather mediocre journals, the
citation rate of articles published by both may be erplative tothe average citation rate of
their respective journal sets. But, the first universifidently performs better than the
second.

Therefore, a second international reference levietieduced, dield-based average
calledFCS®This indicator is based on the citation ratalbpapers published ill journals
of the field(s) in which the institution is active, amot only in the journals in which the
researchers publish their papers. For a publication issgplestigious journal, one may have
a (relatively) highCPP/JCSbut a lowerCPP/FCS and for a publication in a more prestigious
journal one may expect a highePP/FCS as publications in a prestigious journal will
generally have an impact above the field-specific average

Identical procedure as the one applied in the calculatid@Sis used fol-CS Often
researchers are active in more than one field. ¢h sase a weighted average value is
calculated, the weights being determined by the total nuoflqEpers published by the
university in each field. For instance, if the institutpublishes in journals belonging to
physics and astronomy, as well as to chemistry, treR@S (meanpf this group will be
based on all field averages. Thus, indic&GSrepresents aorld averagan a specific
(combination of) field(sJ.If the ratioCPP/FCSis above 1.0, the impact of papers exceeds the
field-based (i.e.all journals in the field) world average.

The ratioJCS/FCSs also an important indicator. If it is above 1.0, iiean citation score
of the institutions’s journal set exceeds the metation score of all papers published in the
field(s) to which the journals belong.

/Journals
0 = \ — FCS

[
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Mean citation impact

Figure 1. The normalization procedure for journal and field citatioscores.

% To be precise we should talk about FCS (mean) foraime seasons as indicated above.
* To achieve a high precision the methodology accountsiiti-assignation of subject categories. An article in
a journal with three subject categories receives oné tfiiFCS-values from each category.



In the figure above the subject category consists of jooals A-E. For each of these journals a JCS (journal
citation score) can be calculated. This is the journahean citation level for the year under investigation. A
specific article might have actual citations (CPP) abovdyelow or on par with this mean level. All journals
in the subject category together form the basis for th€CS (field citation score). Accordingly, a specific
article might have CPP over or under the FCS mean level researcher publishing in journal A will
probably find it easier to reach the mean FCS-level thaa researcher publishing in journal E.

For an analysis of institutions covering all areasngjfigeering science a full citation window
is preferred. We have data on citations to articles phadisrom 1998—-2005 collected in June
2006. Our method is an open citations window (CPP/F-E&®8r papers published in 1998,
citations are counted during the period 1998-2006 (June), for 199% mataéions in 1999-
2006 (June), and so on, i.e. we use an open window fapnggtime length depends on date
for publication during the year for publication), see figure 2.

1998
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98 99 00 01 02 03 04 05 06 yoqr

Figure 2. Open citation window: publication year on x-axisand citation period on y-axis. An article from
1998 will have the longest citation window. Comparisons witother articles and their citations from the
same year.

We compare citations to articles from 1998 with all &&idrom 1998 in a specific category.
As some journals have, fewer articles per number amdrfessues per year the peak in
citations might come later than in the medical mogs. With an open citation window figures
are corrected for the high variations that often ocatir avshorter citation window in areas of
science characterized by a low production of journallastic

Theinternationally standardized impact indicator CPP/F(8Segarded as thHerown”
indicator® With this indicator you can immediately observe wkethe performance of a
institution or country is significantly far below (indior value < 0.5), below (indicator value
0.5-0.8), around (0.8-1.2), above (1.2-1.5), or far abovieFpthe international impact
standard of the field.

At this level aCPP/FCSvalue close to or above 1,5 indicates a performance to b
considered as excellent and probably among the best uheeisithe world.

It should be underlined that an analysis using subject didase following might
give a hint on strengths and weaknesses, but thebsaduséely no direct relation between

® See D. Aksnes dissertati@itations and their use as indicators in science polidyiversity of Twente,
(March 2005), c.f. D. Aksnes, “A macro study of self-ctatj Scientometricsol 56, no. (2003) 235-246.
® The Leiden group has developed the methodology andlirtea this indicator.



subject codes and publications from specific research grébpdMechanics Department
could be publishing in mathematical journals and their impachot be measured by this
procedure that relies on a classification of journalg.o

Fractionalization

In most fields of research scientific work is don@icollaborative mode. Collaborations
make it necessary to differentiate between whole camddractional counts of papers and
citations! Fractional counts give us a figure of weight for thetdbution of an institution to
the quantitative indicators of all papers. By using thalmer of addresses we introduce a
fractional counting procedure. In the next part we regstlts per subject code (category)
used by Web of Science in their classification of jalsnFractions of articles is needed
becomes necessary as many journals are multi-assigned.

In this analysis we are using a unique method with a fraediation both of addresses
and of subject codes. The first one is the normal phareeof author fractionalization, but in
this case applied on the address field. There is nowbs@lation between number of authors
and number of addresses. This is important! An artictghtrtiave two addresses and five
authors. This could implicate that four authors arenfone address and one author from the
second. In other cases we have examples of multi-addres.g. “Turin Polytech Univ, CEA,
INFM”. In other words, this is not an exact view of tiae of work done by a university; it
is an approximation which is fairly good, but with a numtieweaknesses.

ISI Subject Codes

The unique part of this paper relates to the fractionadisatf subject codes or subject
categories. There are in this material 244 differentestilgjodes. These codes are used by
Thomson/ISI in order to categorize journals. Journalassegned to different categories and
many of the journals are multi-assigned. In practicertieans that a journal have several
codes just as is showed in table 1:

Journal Subject codes No of SC
ENERGY POLICY ENERGY & FUELS; ENVIRONMENTAL SCIENCE, ENVIRONMENTAL STUDIES 3
CLIMATE CHANGE ENVIRONMENTAL SCIENCES; METEOROLOGY%: ATMOSPHERIC SCIENCES 2

Many bibliometric analyses are content with the fngbject code and ignore the full
information, i.e. the other codes that the journalssigned to. In this paper we use another
strategy: we consider the subject codes as the bekildganformation about the journals
and will therefore use all subject codes in order toadtarize CLUSTER Universities. We
fractionalize over categories and report the field radized citation rate for articles in each
subject code.

"“When whole counts are used, the data should be read asrtber of papers in which a particular unit
occurs. This procedure leads to double counting. We can éedbtible counting by dividing the number of
papers into fractions according to the number of unitshtisee produced them, that is, by usiragtional
counts.The sum of all fractions will be equal to the actuahbar of papers in the data set. This allows us to
measure the percentage of all papers that has been prayuegurticular unit. If a paper is co-produced by two
or more units from different countries and has beexddily ten other articles, each of the two units willrget

a article and five citations. The difference betwasrole and fractional counts for a given unit is a meastir

the degree of collaboration. For example, if the witolent gives an institution 100 papers and the fractional
count 50 papers, we can say that the difference isftbet of collaboration.from Persson et. ah bibliometric
study of Finnish sciendg2000), VTT working papers. (www.vtt.fi/ttr/pdf/wp48.pdf).



Methodology for Visualization of Research Groups

How can we identify strong research environments atitineersities within Cluster? One
method is the bibliometric citations rate that id&sed above. Our interest is also to get an
idea of which areas each university have dedicated actinigrder to contribute to this we
have done a mapping using visualizations techniques of eachsityihagrcording to four
different aspects:

1) Subject codes

2) Country collaborations

3) Identifiers (ISI keywords)

4) Descriptors (journal or author keywords)

An important task in mapping co-citation networks is taidg clusters of articles in
correspondence to the underlying thematic groupings as perdsisientists themselves.
Co-occurrence links represent how often two keywordséstibpdes, countries etc) are
represented together by on a subsequent article. The stogragtio-occurrence link provides
an informative measure of the association betweendtes.

For the purpose of visualizing this we prefer to use thevaodt CiteSpace developed by
Chaomei Chen at Drexel University. There are a numbether possibilitie$. CiteSpace is
primarily developed for analyzing and visualizing co-citatetworks, but in this case we are
developing applications of the program by arranging datawnways’ CiteSpace facilitates
the creation of co-occurrences and processes themnetwgrk scaling algorithms such as
Pathfinder network scaling. The purpose of using Pathfinelievork scaling is to reduce the
complexity of networks by retaining only the most salieis.

Pathfinder network scaling is a structural-modelling tleloped by cognitive
psychologists. It provides an effective way to extraetrtiost essential relationships from a
given set of proximity data and simplifies a networkrétaining only the strongest paths.
Pathfinder uses a filtering criterion known as thenggla inequality condition to determine
whether to remove or retain each link in the origmetivork. Triangle inequality requires that
the length of a path connecting two points in the ndtwbould not be longer than the length
of other alternative paths connecting the two pointsgb through extra intermediate points.

Pathfinder offers a better alternative to traditidagbut and link-reduction methods such
as MDS and minimum spanning trees. MDS provides no expgigiesentations of links,
making it difficult to interpret the nature of each @msion in an MDS solution. Pathfinder
explicitly represents the strongest links, and the pmégation relies on linkage instead of
relative positions along each dimension. A very uskefature of Pathfinder networks is that
the most significant and relevant work tends to betémtan the centre of its Pathfinder

8 For example, SITKIS tool from Helsinki University échnology kittp://users.tkk.fi/%7Ehschildt/sitkjs/
Olle Persson's Bibexcel softwamw.umu.se/inforsk/Bibexcél/ Pajek fittp://www.leydesdorff.net/jcro4
used by Leydesdorff and for some purposes a programitat fmww.csiss.org/clearinghouse/FlowMapper/
called Tobler's flow mapping.

° Chen, C & Paul, R.J.: "Visualizing a Knowledge Domaimtllectual Structure’lEEE ComputeiMarch
2001, pp.65-71, see also Chen C. "Searching for intellectrahy points: progressive knowledge domain
visualization”,Proceedings of the National Academy of Sciences of the AfBi\6, 2004, vol. 101, suppl. 1.
pp. 5303-5310.




network representation, whereas other relevant batdeedominant work appears at the
outskirt of such networks.

CiteSpace allows the user to control the sampling proednuselecting various
thresholds for citation, co-citation, and co-citatmefficients. The lower a threshold, the
more articles will be qualified for subsequent modelling arayais. The network scaled co-
citation networks are subsequently merged with the Pathfntbgrological properties
preserved; in essence, all links in the final networktmiot violate the triangle inequality.

The merged network can be visualiz&chumber of colour encoding schemes are used
to convey a variety of information. Co-citation linstween articles are coloured by the time
when the first instance of the co-citation was m&idd colours (from blue to green) are
from 1998-2000. Warmer colours (yellow and orange) are from 2001-R@@fes with high
centrality are marked with an extra purple ring.

) ) &

Uni\ CPP/JCS JCS/FC CPP/FCS FRAL FullCour
Tech Univ Catalu 0,9¢ 1,1( 1,00 2762, 424.
Darmsta 1,1. 1,0: 1,08 3109, 512
Eindhove 1,1 1,2t 1,3t 3902, 613.
INP Grenol 0,9¢ 1,0 0,9« 1828, 324.
Helsinki L 1,27 1,0¢ 1,2¢ 3330, 539:
Imperial C 1,10 1,2. 1,3¢ 17565, 2959
IST, Lisbc 0,9° 1,0¢ 1,00 2972, 491
Karlsruhel 1,1: 1,1( 1,1¢ 4694, 768!
Royal Inst Tect 1,0t 1,2( 1,2 5303, 872!
EPF Lausan 1,10 1,2¢ 1,5( 5566, 894.
Leuven/Louv 1,0¢ 1,1 1,1¢ 19424, 3040
Turin Polyte 0,9¢ 1,0° 1,00 25083, 387!

9 Chen, C., Paul R.J & O’Keefe, B. :"Fitting the JigsafrCitation: Information visualization in Domain
Analysis”, Journal of the American Society for Information Science and Techn&a}):315-330.
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The following pages are organized in this way:

Each university is presented on four (4) pages. The figg pansist of two maps: The first
page starts with a mapping of the subject codes for thergitiwvander study. It is interesting
to see how they are connected to each other and clirstezsvorks that are related. Some
codes are network nodes that connect over to anotbearch area.

The other map opage ones a mapping of collaborations for the university during the
period of 1998-2007 (remark: all CiteSpace-analysis cover ypats 2007). This map shows
the most frequent collaborators. Note that we preseatvidigh pathfinder pruning so that
maps are not exact representations of all nodes, fatuae of the most salient nodes and
their relations. The size of the country name is adggaproximation of the strength of the
collaborations.

Page 2presents the bibliometric result per subject categdrg.t@ble on page 2 in each
country presentation gives journals normalized citati@PP/JCSm), the quality of journals
(JCS/FCS) and the field normalized citations rate (EEBm). The latter is often called the
“crown indicator”. There is also in column 4 a figuoe fractionalized articles and in column
5 full counts, i.e. number of articles where the unitgiis present.

Page 3gives an analysis of eight different groups of subjateégories. We have
concentrated on areas of interest for the Cluster group:

CompSci

 Computer Science, Artificial Intelligence

: Computer Science, Cybernetics

Computer Science, General

 Computer Science, Hardware & Architecture
Computer Science, Information Systems
 Computer Science, Interdisciplinary Applications

Computer Science, Software Engineering
' Computer Science, Theory & Methods

Automata

Automation & Control Systems
' Remote Sensing
| Robotics
' Telecommunications
Bio
Biochemical Research Methods
i Biochemistry & Molecular Biology
' Biophysics
' Biotechnology & Applied
' Microbiology
Engineering, Biomedical
' Microbiology

Chem

Chemistry, Analytical
' Chemistry, Applied



i Chemistry, Inorganic &
 Nuclear

i Chemistry, Medicinal

| Chemistry, Multidisciplinary
' Chemistry, Organic
Chemistry, Physical
 Crystallography

Energy & Fuels

' Engineering, Chemical
Food Science & Technology
' Polymer Science

Eng

Engineering, Aerospace

i Engineering, Biomedical

' Engineering, Civil
Engineering, Electrical & Electronic
i Engineering, Environmental
Engineering, Geological

| Engineering, Industrial

i Engineering, Manufacturing

' Engineering, Multidisciplinary
' Transportation Science &

: Technology

Mech

' Acoustics
| Engineering,
i Mechanical
 Mechanics
Physics
Nuclear Science & Technology
1 Optics
' Physics, Applied
Physics, Atomic, Molecular & Chemical
1 Physics, Condensed Matter
| Physics, Fluids & Plasmas

| Physics, Mathematical

i Physics, Multidisciplinary

' Physics, Nuclear

| Physics, Particles & Fields
Nanoscience & Nanotechnology
' Spectroscopy

' Thermodynamics

Materials

 Materials Science, Ceramics

' Materials Science, Characterization & Testing
Materials Science, Coatings & Films

' Materials Science, Composites

' Materials Science, Multidisciplinary

Materials Science, Paper & Wood

Math
' Mathematics



i Mathematics, Applied
Mathematics, Interdisciplinary
+ Statistics & Probability

The grouping and the areas is, of course, a matter eechnd can be contested. In the
next round we can rearrange these groups according todtie okthe Cluster group.

On the final page, th®urth page, there are, again, two visualization maps. After weshav
seen the performance of the university in differentsavea can now take a closer look at
what are the areas that are of importance for the raitiyeAt least this is possible in
principle. Here, we can only give you an idea of whaiassible to do with the tools that are
available. Further work is needed if we are going to usedsults of this analysis. E.g. we
can identify articles in condensed matter physics and/zm#these with our tools. Also, we
have the opportunity of using bibliometric addresses fddimgj of networks, but this
involves cleaning of data; i.e. the harmonizing of addresses.
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Tech Univ Catalunya Barcelona
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Identifiers (above)
Descriptors (below)

Tech Univ Catalunya Barcelona
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Subject Codes (above)
Collaborating Countries (below)

Darmstadt
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Darmstadt

CURR_SC CPP/JCSm JCS/FCS CPP/FCSm FRAK  FullCount
Materials Science, Multidisciplinary 0,95 1,04 0,90 175,6 304
Physics, Multidisciplinary 0,89 1,37 1,29 118,8 274
Physics, Nuclear 1,24 0,92 1,14 91,0 247
Physics, Applied 1,12 1,13 1,23 137,3 238
Physics, Condensed Matter 1,02 0,98 0,94 117,5 226
Crystallography 1,45 0,92 1,14 94,4 181
Engineering, Electrical & Electronic 1,14 0,85 0,98 119,5 173
Mathematics, Applied 1,08 0,96 0,99 125,3 173
Computer Science, General 1,11 1,34 1,42 124,4 168
Mechanics 1,22 0,91 1,14 116,5 163
Chemistry, Physical 0,86 0,94 0,74 91,6 156
Chemistry, Inorganic & Nuclear 0,83 0,97 0,73 84,4 146
Mathematics 1,32 0,93 0,96 107,4 142
Optics 0,97 1,24 1,40 61,3 116
Chemistry, Multidisciplinary 1,16 1,52 1,07 68,9 110
Plant Sciences 0,90 1,35 1,19 62,0 105
Physics, Atomic, Molecular & Chemical 1,01 0,87 0,86 51,0 102
Engineering, Chemical 1,64 0,66 0,93 85,0 101
Biochemistry & Molecular Biology 0,72 0,82 0,55 51,5 98
Metallurgy & Metallurgical Engineering 0,92 1,40 1,17 49,2 79
Computer Science, Atrtificial Intelligence 1,63 0,71 0,99 61,1 77
Chemistry, Organic 0,84 0,90 0,68 47,5 68
Physics, Fluids & Plasmas 1,11 0,98 1,15 32,0 65
Physics, Particles & Fields 1,32 0,48 0,62 28,7 65
Materials Science, Ceramics 1,10 1,71 1,96 32,2 64
Materials Science, Paper & Wood 1,62 0,30 0,30 56,8 62
Engineering, Mechanical 1,30 1,51 2,24 46,0 62
Polymer Science 0,74 0,97 0,71 36,1 54
Ecology 1,98 1,01 1,69 25,1 47
Physics, Mathematical 0,94 1,13 0,99 27,0 46
Thermodynamics 1,36 0,96 1,36 36,0 46
Instruments & Instrumentation 0,85 0,88 0,95 27,7 44
Computer Science, Software Engineering 1,26 1,15 1,43 30,2 43
Multidisciplinary Sciences 1,17 0,66 0,81 23,8 43
Environmental Sciences 0,89 0,98 0,88 26,1 39
Chemistry, Analytical 0,75 0,92 0,46 22,0 39
Geosciences, Multidisciplinary 1,31 0,83 0,81 20,1 37
Microbiology 1,01 1,00 1,03 23,5 35
Engineering, Multidisciplinary 1,50 1,34 1,64 22,3 33
Spectroscopy 0,99 0,99 0,96 13,8 32
Computer Science, Interdisciplinary Applications 0,93 1,01 0,89 22,7 31
Geochemistry & Geophysics 0,71 1,08 0,74 15,7 30
Computer Science, Theory & Methods 1,30 1,22 1,58 14,9 26
Nuclear Science & Technology 1,10 1,31 1,54 11,5 26
Operations Research & Management Science 1,18 1,38 1,46 17,6 24
Biophysics 0,85 1,19 0,97 12,4 24
Cell Biology 0,83 0,58 0,48 14,8 23
Materials Science, Coatings & Films 0,81 0,93 0,76 14,8 22
Automation & Control Systems 0,69 0,85 0,73 18,4 22
Meteorology & Atmospheric Sciences 0,93 0,96 0,88 10,7 22
Computer Science, Information Systems 1,02 0,62 0,59 13,9 21
Mineralogy 0,98 1,19 1,20 9,2 21
Entomology 0,61 1,09 0,79 13,0 20
Neurosciences 0,67 0,72 0,52 13,8 20
Agriculture, Soil Science 1,32 1,43 1,64 8,1 19
Electrochemistry 2,17 0,92 2,01 14,1 17
Telecommunications 0,88 0,94 0,58 12,1 17
Materials Science, Characterization & Testing 1,10 0,57 0,60 9,2 15
Materials Science, Composites 0,71 0,94 1,14 9,4 15
Forestry 0,71 1,11 0,76 5,4 13
Chemistry, Applied 0,87 1,83 1,55 8,2 13
Astronomy & Astrophysics 0,53 0,73 0,32 6,5 13
Energy & Fuels 1,47 1,87 291 7,5 12
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Darmstadt
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Subject Codes (above)
Collaborating Countries (below)

Eindhoven

20



Eindhoven

Subject Category Eindhoven CPP/JCSm JCS/FCS CPP/FCSm FRAK  FullCount

Polymer Science 1,40 1,44 1,96 312,0 476
Chemistry, Physical 1,07 1,21 1,28 249,9 386
Physics, Applied 1,15 1,20 1,30 227,9 337
Engineering, Electrical & Electronic 1,09 1,23 1,32 173,4 279
Computer Science, General 1,60 1,31 1,72 168,3 259
Physics, Condensed Matter 0,93 1,08 0,97 141,7 247
Materials Science, Multidisciplinary 1,11 1,87 1,94 146,0 238
Engineering, Chemical 1,09 1,81 1,88 160,9 208
Chemistry, Multidisciplinary 1,50 1,91 2,97 120,6 200
Physics, Multidisciplinary 1,06 1,41 1,31 87,2 157
Physics, Fluids & Plasmas 0,98 0,91 0,88 106,0 152
Operations Research & Management Science 0,97 0,98 0,93 91,8 151
Mechanics 1,08 1,38 1,56 110,6 147
Mathematics, Applied 0,95 1,10 1,05 88,1 143
Physics, Atomic, Molecular & Chemical 1,03 1,08 1,10 99,4 141
Mathematics 0,58 0,88 0,70 85,1 127
Statistics & Probability 1,02 0,84 0,85 66,7 113
Optics 0,91 1,22 0,95 69,2 105
Chemistry, Analytical 1,31 1,10 1,42 60,5 100
Physics, Mathematical 0,76 1,12 0,85 49,1 77
Computer Science, Theory & Methods 1,40 1,06 1,75 43,1 75
Computer Science, Software Engineering 1,08 1,10 1,07 44,8 74
Automation & Control Systems 1,01 1,33 1,21 37,5 66
Engineering, Multidisciplinary 1,00 1,37 1,28 48,5 65
Acoustics 1,15 1,05 1,13 38,2 64
Computer Science, Information Systems 1,85 0,99 1,82 39,9 63
Chemistry, Organic 1,31 1,17 1,52 38,7 62
Computer Science, Interdisciplinary Applications 1,28 0,84 1,03 38,5 58
Engineering, Mechanical 1,28 1,35 1,52 43,4 57
Engineering, Biomedical 1,20 0,98 1,17 28,5 49
Electrochemistry 1,28 1,10 1,51 38,0 48
Engineering, Manufacturing 1,27 1,30 1,61 37,2 47
Materials Science, Coatings & Films 1,33 0,97 1,21 33,9 47
Materials Science, Ceramics 0,98 1,28 1,34 31,9 46
Instruments & Instrumentation 111 1,06 1,13 30,7 45
Management 0,93 1,10 0,95 28,7 43
Computer Science, Atrtificial Intelligence 1,13 0,85 1,32 23,7 43
Chemistry, Applied 1,11 1,37 1,34 26,2 40
Biochemical Research Methods 0,95 1,19 1,15 23,3 40
Transportation Science & Technology 1,58 1,25 1,93 29,7 40
Radiology, Nuclear Medicine & Medical Imaging 0,67 1,18 0,80 16,2 37
Engineering, Industrial 1,29 1,17 1,44 26,7 36
Computer Science, Hardware & Architecture 2,08 0,70 1,69 21,0 33
Economics 1,26 0,89 0,97 18,8 31
Biophysics 1,33 0,73 0,92 19,3 31
Spectroscopy 1,07 1,17 1,25 19,4 31
Materials Science, Composites 1,15 0,99 1,29 16,0 30
Crystallography 0,83 1,09 0,89 16,8 30
Thermodynamics 1,05 1,13 1,13 24,1 30
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Subject Codes (above)
Collaborating Countries (below)
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EPF Lausanne
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Collaborating Countries (below)
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INP Grenoble

Subject Category INPG CPP/JCSm JCS/FCS CPP/FCSm| FRAK FullCount
Materials Science, Multidisciplinary 1,01 0,92 0,87 2494 470
Engineering, Electrical & Electronic 1,10 1,02 1,03 187,8 307
Physics, Applied 0,78 0,89 0,65 155,9 301
Physics, Condensed Matter 1,04 0,88 0,87 118,6 254
Metallurgy & Metallurgical Engineering 1,46 1,86 1,89 79,1 143
Physics, Multidisciplinary 1,01 0,45 0,23 64,2 125
Chemistry, Physical 0,95 0,96 0,88 59,9 117
Electrochemistry 0,85 1,16 0,95 82,7 115
Mechanics 1,06 1,22 1,15 77,1 108
Crystallography 0,97 1,34 1,11 26,6 67
Materials Science, Ceramics 0,93 1,45 1,43 34,8 66
Polymer Science 1,27 1,10 1,20 42,0 66
Automation & Control Systems 0,82 1,21 0,90 44,8 63
Materials Science, Paper & Wood 0,85 1,17 0,85 30,6 55
Optics 0,64 0,78 0,43 28,7 52
Engineering, Chemical 0,75 1,49 1,11 29,3 45
Water Resources 0,49 0,61 0,44 24,3 42
Computer Science, General 0,29 0,84 0,23 27,2 42
Chemistry, Analytical 0,91 1,08 0,96 24,8 37
Materials Science, Coatings & Films 0,80 1,20 0,90 18,0 33
Chemistry, Multidisciplinary 1,80 0,30 0,30 18,8 31
Engineering, Mechanical 1,37 1,43 1,74 19,1 31
Acoustics 0,86 0,99 0,87 19,6 28
Computer Science, Artificial Intelligence 0,60 0,74 0,50 17,5 27
Computer Science, Interdisciplinary Appli 1,06 0,63 0,56 19,1 26
Instruments & Instrumentation 0,85 1,49 1,20 15,0 26
Mathematics, Applied 1,04 0,90 0,85 12,9 24
Meteorology & Atmospheric Sciences 0,95 0,96 0,92 11,0 23
Physics, Fluids & Plasmas 0,97 1,05 0,96 131 23
Operations Research & Management Scig 0,85 1,02 0,78 12,3 20
Geosciences, Multidisciplinary 0,95 0,91 0,86 9,4 19
Nuclear Science & Technology 1,45 1,18 1,58 8,8 18
Materials Science, Composites 0,96 0,96 0,90 8,3 17
Energy & Fuels 0,61 2,12 1,30 9,9 17
Computer Science, Software Engineering 1,46 1,29 1,18 9,8 17
Multidisciplinary Sciences 0,39 0,21 0,06 10,4 16
Chemistry, Inorganic & Nuclear 1,48 0,93 1,42 8,5 15
Engineering, Civil 0,95 1,84 1,21 8,1 14
Thermodynamics 1,49 1,10 1,40 9,5 14
Engineering, Multidisciplinary 0,66 1,23 0,96 9,3 14
Agriculture, Soil Science 1,23 1,31 1,54 59 13
Environmental Sciences 0,53 0,80 0,45 51 13
Engineering, Manufacturing 0,63 1,10 0,77 8,2 12
Computer Science, Information Systems 1,14 0,29 0,33 7.8 12
Physics, Atomic, Molecular & Chemical 1,04 1,05 0,74 4,5 12
Spectroscopy 0,95 1,12 1,01 9,1 12
Astronomy & Astrophysics 0,69 0,59 0,38 5,0 11
Oceanography 0,88 1,15 1,08 7.4 11
Computer Science, Theory & Methods 0,67 1,05 0,84 6,6 10
Geochemistry & Geophysics 1,04 0,87 0,87 51 10
Computer Science, Hardware & Architecty 1,21 1,03 1,41 6,3 10
Physics, Nuclear 0,99 0,75 0,61 3,9 8
Telecommunications 0,90 0,40 0,40 5,0 7
Computer Science, Cybernetics 1,56 0,40 0,62 4,2 7
Agronomy 1,09 1,32 1,43 2,9 7
Engineering, Industrial 0,60 1,07 0,61 3,9 7
Materials Science, Characterization & Tes| 1,72 1,62 2,99 45 6
Biochemistry & Molecular Biology 0,59 0,39 0,32 2,9 6
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Subject Codes (above)
Collaborating Countries (below)
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Helsinki Univ Technol
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Inst Super Technol Lisbon

Subject Codes (above)
Collaborating Countries (below)
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Inst Super Technol Lisbon

Subject Category  IST CPP/JCSm JC/FCS CPP/FCSm FRAK  Full Count

Physics, Particles & Fields 1,08 1,24 1,42 159,1 330
Physics, Multidisciplinary 1,23 1,27 1,31 129,7 314
Chemistry, Physical 0,80 1,08 0,81 165,5 272
Chemistry, Inorganic & Nuclear 0,91 1,24 1,13 95,0 225
Engineering, Electrical & Electronic 1,18 1,07 1,13 157,6 202
Materials Science, Multidisciplinary 0,87 0,89 0,73 120,5 188
Physics, Applied 1,23 1,05 1,30 118,0 166
Physics, Nuclear 0,82 1,21 1,02 59,7 131
Computer Science, General 0,84 0,63 0,76 95,9 123
Mathematics, Applied 0,80 1,12 0,80 90,8 122
Physics, Fluids & Plasmas 0,87 0,99 0,92 63,0 118
Mathematics 1,19 1,42 1,63 79,3 116
Engineering, Chemical 1,08 1,57 1,57 80,1 116
Biotechnology & Applied Microbiology 1,03 0,83 0,82 80,1 116
Chemistry, Multidisciplinary 1,24 0,92 1,07 53,7 108
Physics, Condensed Matter 0,75 1,04 0,83 59,3 105
Physics, Atomic, Molecular & Chemical 0,63 0,93 0,56 59,4 101
Biochemistry & Molecular Biology 0,95 0,55 0,49 55,8 98
Polymer Science 0,87 1,32 1,12 55,5 97
Mechanics 0,89 0,91 0,77 62,6 83
Computer Science, Atrtificial Intelligence 0,86 0,94 0,75 59,9 79
Chemistry, Organic 0,87 1,01 0,91 33,6 72
Engineering, Mechanical 0,81 1,31 1,03 55,8 71
Astronomy & Astrophysics 0,71 0,81 0,84 31,3 69
Engineering, Civil 1,05 1,09 1,06 49,9 67
Physics, Mathematical 0,72 1,10 0,77 38,3 60
Optics 1,03 0,82 0,76 45,0 59
Instruments & Instrumentation 0,86 1,02 0,83 40,5 57
Biophysics 1,04 1,07 1,21 32,0 54
Computer Science, Interdisciplinary Applications 0,92 0,87 0,69 33,7 49
Chemistry, Analytical 0,89 1,04 0,95 28,0 49
Materials Science, Ceramics 1,08 1,25 1,34 28,2 47
Crystallography 0,52 0,82 0,53 18,6 45
Environmental Sciences 1,05 1,04 0,85 24,3 43
Materials Science, Composites 0,83 0,95 0,84 28,4 42
Metallurgy & Metallurgical Engineering 1,37 1,61 1,82 22,2 37
Engineering, Multidisciplinary 0,92 1,75 1,29 22,5 29
Food Science & Technology 0,79 1,27 0,99 17,4 29
Nuclear Science & Technology 0,69 1,12 0,75 15,0 29
Energy & Fuels 0,78 1,21 0,92 19,8 28
Water Resources 1,34 0,77 0,88 18,4 28
Thermodynamics 0,69 1,09 0,83 20,9 28
Spectroscopy 0,95 1,06 0,90 16,5 28
Automation & Control Systems 0,78 1,24 0,90 17,1 28
Chemistry, Applied 1,07 1,07 1,01 15,5 27
Engineering, Ocean 1,27 0,66 0,77 19,8 27
Microbiology 0,73 0,98 0,65 19,7 26
Computer Science, Theory & Methods 1,01 1,21 1,31 18,6 25
Telecommunications 1,32 1,30 1,32 20,0 25
Operations Research & Management Science 0,82 0,96 0,69 14,9 24
Materials Science, Coatings & Films 1,42 0,94 1,32 12,4 24
Computer Science, Software Engineering 0,79 1,39 1,02 16,3 23
Statistics & Probability 0,76 0,42 0,36 16,0 22
Electrochemistry 1,05 1,33 1,36 9,2 20
Oceanography 1,37 0,55 0,52 12,9 19
Geochemistry & Geophysics 0,58 0,63 0,39 10,8 18
Biochemical Research Methods 1,26 0,87 1,05 9,3 18
Engineering, Manufacturing 0,94 1,17 0,95 11,7 18
Plant Sciences 1,63 0,91 1,63 5,2 17
Construction & Building Technology 0,77 0,93 0,74 11,6 16
Engineering, Industrial 1,23 1,10 1,39 10,1 16
Geosciences, Multidisciplinary 0,58 0,93 0,51 9,0 15
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Karlsruhe TU
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Royal Inst Technol

Subject Codes (above)
Collaborating Countries (below)
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Royal Inst Technol

Subject Category

Materials Science, Multidisciplinary
Physics, Applied

Physics, Multidisciplinary

Chemistry, Physical

Physics, Condensed Matter
Engineering, Electrical & Electronic
Optics

Physics, Atomic, Molecular & Chemical
Metallurgy & Metallurgical Engineering
Polymer Science

Mathematics

Physics, Nuclear

Computer Science, General
Mechanics

Biochemistry & Molecular Biology
Nuclear Science & Technology
Chemistry, Multidisciplinary

Materials Science, Paper & Wood
Physics, Fluids & Plasmas
Mathematics, Applied

Engineering, Mechanical
Biotechnology & Applied Microbiology
Engineering, Chemical

Chemistry, Organic

Physics, Particles & Fields

Chemistry, Inorganic & Nuclear
Physics, Mathematical

Environmental Sciences
Electrochemistry

Instruments & Instrumentation
Computer Science, Artificial Intelligence
Chemistry, Analytical

Spectroscopy

Acoustics

Astronomy & Astrophysics
Crystallography

Biochemical Research Methods
Automation & Control Systems
Geochemistry & Geophysics

Materials Science, Coatings & Films
Energy & Fuels

Geosciences, Multidisciplinary
Computer Science, Interdisciplinary Applications
Computer Science, Software Engineering
Water Resources
Telecommunications

Engineering, Environmental
Microbiology

Thermodynamics

Materials Science, Composites
Multidisciplinary Sciences

Computer Science, Information Systems
Computer Science, Theory & Methods
Mining & Mineral Processing
Biophysics

Computer Science, Hardware & Architecture
Neurosciences

Construction & Building Technology
Chemistry, Applied

Engineering, Manufacturing
Otorhinolaryngology

Genetics & Heredity

Engineering, Civil

Engineering, Multidisciplinary
Materials Science, Characterization & Testing
Engineering, Aerospace

CPP/JCS JCS/FCS CPP/FCS

1,02
0,84
0,77
0,90
0,90
1,16
1,00
1,01
1,27
1,20
1,21
0,96
1,00
0,99
1,18
1,78
0,87
1,28
0,86
0,86
0,87
111
1,02
0,95
0,86
0,96
1,12
0,95
0,84
1,23
0,59
0,78
0,77
0,89
0,91
0,83
0,99
1,24
1,22
0,92
1,42
0,87
1,23
0,64
0,65
0,72
1,06
0,80
0,92
1,27
1,00
0,78
1,13
1,54
1,32
0,89
1,08
0,96
1,15
1,08
1,44
0,91
4,00
1,06
111
0,68

0,94
1,23
1,03
111
1,24
1,28
1,24
1,05
1,44
1,12
1,36
1,08
1,43
1,21
0,78
1,06
1,59
2,04
1,07
1,25
1,47
0,84
1,43
1,24
0,89
1,21
0,95
0,99
1,17
1,39
1,22
1,40
111
0,82
0,73
1,20
111
1,46
0,67
1,24
1,53
1,08
0,97
1,08
1,09
1,84
0,90
0,97
0,96
1,16
0,96
1,19
1,16
2,00
1,12
0,90
0,85
0,91
1,19
1,07
0,87
0,85
0,96
1,47
1,66
1,80

0,85
1,00
0,78
1,02
1,07
131
1,14
1,08
1,58
1,39
1,99
1,00
1,23
1,30
0,82
1,56
1,35
2,74
0,97
1,05
1,21
0,94
1,31
1,19
0,63
1,23
1,09
0,91
0,95
1,77
0,83
1,07
0,83
0,72
0,59
0,95
1,04
151
0,70
1,00
1,93
0,89
0,95
0,89
0,75
1,45
0,87
0,73
0,85
1,56
0,96
1,37
1,49
3,01
1,67
0,92
0,71
0,78
1,18
111
1,19
0,75
0,69
1,52
2,14
1,37

FRAK FullCount

312,9
286,2
188,1
221,4
203,4
248,8
207,1
140,2
192,8
208,4
139,8
48,5
127,1
129,7
84,0
75,4
83,3
100,8
76,9
85,5
105,3
73,4
82,7
79,4
36,0
56,7
71,1
66,5
63,4
45,6
56,9
56,1
34,1
55,1
22,6
49,4
44,7
41,4
41,6
37,4
39,9
30,1
34,6
34,2
29,7
28,5
26,3
19,2
31,1
26,8
18,6
24,7
245
16,1
20,1
21,2
12,4
19,3
18,0
19,9
14,6
13,3
19,8
17,4
20,5
22,0

511
502
412
410
408
399
355
277
274
270
218
176
169
162
148
147
137
136
131
130
128
113
110
109
103
103
102
101
89
81
80
76
71
69
67
66
63
61
57
57
55
51
47
47
44
43
43
42
41
40
39
37
37
37
36
32
30
28
28
28
28
27
27
26
25
25
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@ CompSci —e— CPP/FCSm mmm Bio —e— CPP/FCSm

1998 1999 2000 2001 2002 2003 2004 2005 098 1999 2000 2001 2002 2003 2004 2005

@ Chem —e— CPP/FCSm mmm Eng —e— CPP/FCSm
200 —2

150

100
50
04
1998 1999 2000 2001 2002 2003 2004 2005 1998 1999 2000 2001 2002 2003 2004 2005
mmm Mech —e— CPP/FCSm mmm Phys —e— CPP/FCSm
40 2 200 2
35 1
30+ 415 150
251
20+ +1 100
151
+ 0,5 50 -
Lo 0
1998 1999 2000 2001 2002 2003 2004 2005 1998 1999 2000 2001 2002 2003 2004 2005
mmm Materials —e— CPP/FCSm mmm Math —e— CPP/FCSm
40 +2 60 -~ 2
35 | 50l
30+ + 15
25 | 40+
20 - 30+ 411
15 0.
10 1 L 0,5
5 | 10 -
0 0 - Lo
1998 1999 2000 2001 2002 2003 2004 2005 1998 1999 2000 2001 2002 2003 2004 2005
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Descriptors (below)
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Catholic Univ Louvain/Leuven

Subject Codes (above)
Collaborating Countries (below)
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Catholic Univ Louvain/Leuven

mmm CompSci —e— CPP/FCSm Emm Automata —e— CPP/FCSm
200 40 -
35
150 30
25
100+ 20
15 +
50 10
54
0 - 0 -
1998 1999 2000 2001 2002 2003 2004 2005 1098 1999 2000 2001 2002 2003 2004 2005
== Chem —e— CPP/FCSm = Eng —e— CPP/FCSm
500 2 200 _ 2
4004 1501
300+
100 -
2004
50
100+
0 - 04
1998 1999 2000 2001 2002 2003 2004 2005 1998 1999 2000 2001 2002 2003 2004 2005
mmm Mech —e— CPP/FCSm mmm Phys —e— CPP/FCSm
70 - L2 500 2
60
400+
50
40 - 300+
30 200
20
100
10 +
0 - 04
1998 1999 2000 2001 2002 2003 2004 2005 1998 1999 2000 2001 2002 2003 2004 2005
mmm Materials —e— CPP/FCSm Em math —— CPP/FCSm
140 2 160 T2
120 140
100 120
100
80
80
60
60
40 40 -
20+ 20 4
0 - 0 -
1998 1999 2000 2001 2002 2003 2004 2005 1998 1999 2000 2001 2002 2003 2004 2005
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Descriptors (below)
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Turin Politech Univ

Subject Codes (above)
Collaborating Countries (below)
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Turin Politech Univ

mEmm CompSci —e— CPP/FCSm E Automata —e— CPP/FCSmM
30+ 2
251
+ 15
20+
15+ L1
10
L 0,5
5
0- Lo
1998 1999 2000 2001 2002 2003 2004 2005 1998 1999 2000 2001 2002 2003 2004 2005
mEmm Chem —e— CPP/FCSmM mmm Eng —e— CPP/FCSmM
120,
100
80
60 -
40
20
04
1998 1999 2000 2001 2002 2003 2004 2005 1998 1999 2000 2001 2002 2003 2004 2005
mmm Mech —e— CPP/FCSmM mmm Phys —e— CPP/FCSmM
200 _ 2
150
1004
50
04
1998 1999 2000 2001 2002 2003 2004 2005 1998 1999 2000 2001 2002 2003 2004 2005
mmm Materials —e— CPP/FCSm Emm math —e— CPP/FCSm
50 -2 60 +2
50 -+
40
415
40+
30
30+ 11
20
20
L 0,5
10 10
0- 0- -0

1998

1999

2000

2001

2002 2003 2004 2005

1998

1999 2000 2001 2002 2003 2004 2005
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