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Basic Concept: How do we focus on ‘quality’?

Scientific performance relates to achieved quality in the 
contribution to the increase of our knowledge 
(‘scientific progress’)

(1) as perceived by others: peer review 

(2) as measured by advanced bibliometric analysis

(1) and (2) correlate (very) well at group level
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We formulate a general model for the growth of scale-free networks under filtering information 
conditions—that is, when the nodes can process information about only a subset of the existing nodes in the 
network. We find that the distribution of the number of incominglinks to a node follows a universal scaling 
form, i.e., that it decays as a power law with an exponential truncation controlled not only by the system size 
but also by a feature not previously considered, the subset of the network “accessible”to the node. We test our 
model with empirical data for the World Wide Web and find agreement.

DOI: 10.1103/PhysRevLett.88.138701 PACS numbers: 89.20.Hh, 84.35.+i, 89.75.Da, 89.75.Hc

There is a great deal of current interest in understanding the structure and growth mechanisms of global networks [1–3], such as the World Wide 
Web (WWW) [4,5] and the Internet [6]. Network structure is critical in many contexts such as Internet attacks [2], spread of an Email virus [7], or 
dynamics of human epidemics [8]. In all these problems, the nodes with the largest number of links play an important role on thedynamics of the 
system. It is therefore important to know the global structure of the network as well as its precise distribution of the number of links.
Recent empirical studies report that both the Internet and the WWW have scale-free properties; that is, the number of incoming links and the 
number of outgoing links at a given node have distributions thatdecay with power law tails [4–6]. It has been proposed [9] that the scale-free 
structure of the Internet and the WWW may be explained by a mechanism referred to as “preferential attachment”[10] in which new nodes link 
to existing nodes with a probability proportional to the number of existing links to these nodes. Here we focus on the stochastic character of the 
preferential attachment mechanism, which we understand in the following way: New nodes want to connect to the existing nodes with the largest 
number of links—i.e., with the largest degree—because of the advantages offered by being linked to a well-connected node. For a large network it 
is not plausible that a new node will know the degrees of all existing nodes, so a new node must make a decision on which node to connect with 
based on what information it has about the state of the network.The preferential attachment mechanism then comes into play as nodes with a 
larger degree are more likely to become known.
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Weight?

networks leading, possibly, to different dynamics, e.g., for the initiation and spread of epidemics.
In the context of network growth, the impossibility of knowing the degrees of all the nodes comprising the network due to the filtering process—
and, hence, the inability to make the optimal, rational, choice—is not altogether unlike the “bounded rationality” concept of Simon [17].
Remarkably, it appears that, for the description of WWW growth, the preferential attachment mechanism, originally proposed by Simon [10], 
must be modified along the lines of another concept also introduced by him—bounded rationality [17].
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What do citations measure?

- Many studies showed positive correlations 
between citations and qualitative judgments

- In principle it is valid to interpret citations in 
terms of intellectual influence which is an 
important aspect of scientific quality

- Thus, the concepts of citation impact and 
scientific quality do not coincide ‘automatically’

Quality judgment by peers may relate to ‘tacit knowledge’
such as the capability to build instruments, or to 
acknowledgment of ‘being ahead of time’ and to ‘trust’
that a group will come soon with breakthroughs…so peer 
judgments may include ‘credits’…. 

Bibliometrics always relates to ‘codified knowledge’, high-
value ‘tacit’ knowledge is immeasurable; it never works 
with credits; but it may concern hypes, fashions, 
detested by (some) peers…..

What do scientists think about important aspects 
of quality?

Opinions of prominent physicists in the 
Netherlands in discussions (1996) about the 
allocation of extra money to top-groups. 
As a peer, they focus at: 

First of all, quality MUST be demonstrable, no fine words. 
Quality of research, at least in physics, is demonstrable in 
the following aspects:

* Effective publication, i.e., in the best possible journals;
* Invited lectures in top-conferences of the field and/or 

in top-universities;
* High citation scores 
* Citations in important reviews;
* Collaboration with top-groups;
* Continuation of PhD students;
* Continuation in research council grants
* Long-term financing by the government and/or the 

business sector
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Table 1:  Internal coverage of the citation index by main field for the 

University of Heidelberg 

Main Field 
P 

00-04 
Avg Nr 
Refs 

Refs 
<1980 

%Refs 
<1980 

Refs 
Non-CI Refs CI 

%Refs 
CI 

        

CLINICAL MEDICINE 4,477 33.2 8,240 6% 14,066 126,277 90% 

BIOL SCI: HUMANS 2,360 40.4 4,186 4% 6,356 84,756 93% 
BIOL SCI: ANIMALS & 
PLANTS 273 43.5 1,393 12% 2,166 8,305 79% 
MOLECULAR BIOLOGY & 

BIOCHEMISTRY 1,258 45.7 2,584 4% 3,313 51,533 94% 

PHYSICS AND ASTRONOMY 1,389 38.4 5,721 11% 8,805 38,820 82% 

CHEMISTRY 816 37.4 4,028 13% 5,081 21,374 81% 

MATHEMATICS 315 20.4 1,444 22% 2,253 2,736 55% 

GEOSCIENCES 404 46.2 2,348 13% 4,875 11,459 70% 
APPLIED PHYSICS AND 

CHEMISTRY 483 26.6 1,117 9% 2,910 8,817 75% 

ENGINEERING 373 23.2 823 10% 3,376 4,439 57% 

MULTIDISCIPLINARY 120 34.3 294 7% 312 3,508 92% 

ECONOMICS 57 30.5 204 12% 695 842 55% 
PSYCHOLOGY, PSYCHIATRY 

& BEHAVIORAL SCIENCES 228 39.8 939 10% 2,140 5,985 74% 
SOCIAL SCIENCES RELATED 
TO MEDICINE 283 35.9 774 8% 3,125 6,273 67% 

OTHER SOCIAL SCIENCES 69 32.7 324 14% 1,297 633 33% 

HUMANITIES & ARTS 39 42.6 535 32% 937 190 17% 
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Table 2: Language of publications in Citation Index for the University of 
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MOLECULAR BIOLOGY & BIOCHEM 1,258 1,258 0 0% 

PHYSICS AND ASTRONOMY 1,389 1,389 0 0% 

CHEMISTRY 841 816 25 3% 

MATHEMATICS 315 315 0 0% 

GEOSCIENCES 410 404 6 1% 

APPLIED PHYSICS AND CHEMISTRY 504 483 21 4% 

ENGINEERING 378 373 5 1% 

MULTIDISCIPLINARY 120 120 0 0% 

ECONOMICS 60 57 3 5% 

PSYCHOLOGY, PSYCHIATRY & BEHAV SC 425 228 197 46% 

SOCIAL SCIENCES RELATED TO MEDICINE 335 283 52 16% 
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Other citation indexes:
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…….

OK for individual scientists, but undoable for large scale 
studies, Thomson Scientific/ISI remains superior with 
WoS as ‘gold standard’ but…

.....SCOPUS is rapidly becoming the only serious 
competitor of WoS
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concept-related 

publications
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Citing publications

C(A)

P(A)

Cited publications

C(f)

P(f)

C(A)/P(A)= c C(f)/P(f)= cf

Field-specific normalization

C(A)/P(A)
------------ = c/cf
C(f)/P(f)

+ doc.type normalization

Basic Performance Indicators

•P Ouput: Number of publications in internationally 
refereed CI-covered journals

•C Absolute Impact: Number of (self-ex) citations 
to these publications

•H Hirsch-index

•c Output-normalized Impact: Average number of 
cits/pub of the institute (CPP)

•cj Average number of cits/pub of the journal set
used by the institute (JCSm)

•cf Average number of cits/pub of all journals of a 
specific field in which the institute is active 
(FCSm)

•p0 Percentage of not-cited publications

CWTS Key Research Performance Indicators:

• cj/cf Relative impact of the used journal set

(JCSm/FCSm)

• c/cj Internat. journal-normalized impact

(CPP/JCSm)

• c/cf Internat. field & doc-normalized impact

(CPP/FCSm)

• Pt/Πt Contribution to the top-5, 10, 20,..%

• P*(c/cf) Size & Impact Together: Brute Force

(P * CPP/FCSm)

Applied research, 
engineering

Basic  research

high cf

Up to factor ~20

high cf, but low cj

low cf
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High c

low c
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Application of ISI Impact Factors for research 
performance evaluation is irresponsible

* Much too short ‘Citation window’
* No Field-specific Normalization 
* No distinction between document types 
* Calculation errors/inconsistencies
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Leiden Ranking 1: Top 100 European Universities, yellow list

 University  P  C  CPP  Pnc  CPP/
FCSm

ranking 1  UNIV CAMBRIDGE UK 36.349 361.681 9,95 29,1 1,63
by 2  UNIV COLL LONDON UK 34.407 346.028 10,06 26,9 1,46
number of 3  UNIV OXFORD UK 33.780 355.856 10,53 29,5 1,67
publications 4  IMPERIAL COLL LONDON UK 27.017 222.713 8,24 30,7 1,45
P 5  KATHOLIEKE UNIV LEUVEN BE 22.521 153.851 6,83 34,9 1,22

6  LUDWIG MAXIMILIANS UNIV MUNCHEN DE 23.519 177.317 7,54 30,8 1,14
7  UNIV PARIS VI PIERRE & MARIE CURIE FR 23.468 146.483 6,24 32,8 1,09
8  UNIV MILANO IT 23.006 175.181 7,61 30,0 1,11
9  UNIV UTRECHT NL 22.668 189.671 8,37 28,3 1,37

10  UNIV MANCHESTER  UK 22.470 137.812 6,13 34,4 1,16
11  UNIV WIEN AT 21.940 137.251 6,26 32,9 1,01
12  UNIV ROMA SAPIENZA IT 21.778 119.076 5,47 37,7 0,95
13  TEL AVIV UNIV IL 21.447 112.337 5,24 35,9 0,94
14  UNIV HELSINKI FI 21.034 179.662 8,54 28,5 1,38
15  LUNDS UNIV SE 20.631 157.944 7,66 27,9 1,21
16  KAROLINSKA INST STOCKHOLM SE 20.525 213.629 10,41 23,2 1,30
17  KOBENHAVNS UNIV DK 19.555 153.583 7,85 27,4 1,18
18  UNIV AMSTERDAM NL 19.333 163.417 8,45 28,9 1,35
19  UPPSALA UNIV SE 18.998 140.518 7,40 28,6 1,17
20  RUPRECHT KARLS UNIV HEIDELBERG DE 18.735 155.451 8,30 30,1 1,22
21  ETH ZURICH CH 18.611 148.078 7,96 29,8 1,52
22  KINGS COLL UNIV LONDON UK 18.601 161.460 8,68 28,7 1,32
23  HEBREW UNIV JERUSALEM IL 18.389 127.263 6,92 33,2 1,16
24  UNIV PARIS XI SUD FR 18.183 115.157 6,33 32,8 1,13
25  UNIV EDINBURGH UK 17.786 164.380 9,24 29,7 1,48
26  HUMBOLDT UNIV BERLIN DE 17.780 127.381 7,16 31,6 1,13
27  LEIDEN UNIV NL 16.832 147.821 8,78 26,9 1,26
28  UNIV ZURICH CH 16.783 154.154 9,19 29,2 1,33
29  UNIV BARCELONA ES 16.783 103.628 6,17 32,4 1,03
30  UNIV BRISTOL UK 16.387 119.960 7,32 29,7 1,31

250 European Universities with P(y) > 350 
Top-20 in ‘size’, Physics, ranked by crown indicator’

DE  UNIV KARLSRUHE (TH) 2174,8 2,06

UK  UNIV CAMBRIDGE 7438,6 1,91

SE  LUNDS UNIV 2115,2 1,82

CH  ETH ZURICH 3109,0 1,66

UK  UNIV OXFORD 4934,9 1,65

UK  IMPERIAL COLL LONDON 3250,4 1,64

DE  UNIV HEIDELBERG 2127,8 1,61

PL  WARSAW UNIV 2569,7 1,56

DE  TECH UNIV MUNCHEN 2644,3 1,54

DE  LUDW MAX UNIV MUNCHEN 2360,7 1,51

NL  LEIDEN UNIV 2075,2 1,43

FR  UNIV PARIS XI SUD 5580,3 1,36

IT  UNIV ROMA SAPIENZA 3637,4 1,29

NL  UNIV AMSTERDAM 2442,3 1,25

DK  KOBENHAVNS UNIV 2320,8 1,22

DE  UNIV BONN 2124,1 1,22

IT  UNIV PADOVA 2724,6 1,21

UK  UNIV COLL LONDON 2512,8 1,19

FR  UNIV GRENOBLE I  2129,3 1,17

FR  UNIV PARIS VI 3823,1 1,15
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Figure 1: Output (P) and impact (C+sc) trend for EPFL, 1994-2003 
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Table 2.1: Bibliometric analysis of a medical research institute, 1996 – 2005 
P C   c   p0 c/cj c/cf  cj/cf 

 
 

   sc 
   

1996-2005 2,283 58,077 25.44 16 1.22 2.01 1.64 16

1996-2000 1,079 12,334 11.43 30 1.23 2.09 1.71 19
1997-2001 1,125 13,340 11.86 26 1.22 2.01 1.65 19
1998-2002 1,130 13,856 12.26 25 1.28 2.11 1.65 18
1999-2003 1,174 16,273 13.86 23 1.32 2.23 1.69 17
2000-2004 1,174 14,641 12.47 24 1.17 1.92 1.64 19
2001-2005 1,204 15,099 12.54 23 1.16 1.91 1.65 19

FIGURE 1 :
 TREND IN IMPACT PER PUBLICATION 

COMPARED TO WORLD SUBFIELD AVERAGE 
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A: 46%,  half of which  0 cit 

B: 10%

C: 15%

D: 10%

E: 19%

1996 2005

c/cf < 0.80: performance significantly below 
internat. average, class A;

0.80 < c/cf < 1.20: performance about internat. 
average, class B;

1.20 < c/cf < 2.00: performance significantly above 
internat. average, class C;

2.00 < c/cf < 3.00: performance in internat. perspective 
is very good, class D; 

c/cf > 3.00: performance in internat. perspective 
is excellent, class E.  
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TABLE 4: BIBLIOMETRIC INDICATORS FOR MAIN FIELDS

University P Rank C Rank CPP/FCSm Rank

P*

CPP/FCSm Rank

PHYSICS AND ASTRONOMY

UNIV HEIDELBERG 1.389 83 14.053 54 1,79 71 2.484 59

BJM UNIV WURZBURG 787 183 4.320 194 1,29 168 1.012 177

EK UNIV TUBINGEN 923 154 4.867 177 1,04 237 961 188

FREIE UNIV BERLIN 1.096 123 5.089 171 1,00 247 1.099 164

GA UNIV GOTTINGEN 1.067 129 4.927 176 0,90 264 963 187

HUMBOLDT UNIV BERLIN 1.248 102 7.574 122 1,18 196 1.476 130

JG UNIV MAINZ 1.331 88 11.949 69 1,83 69 2.435 64

LMU UNIV MUNCHEN 1.597 61 13.337 56 1,58 102 2.522 58

MED HOCHSCHULE HANNOVER 0 - - - - - - -

RFW UNIV BONN 1.517 68 10.921 76 1,33 157 2.017 81

RUHR UNIV BOCHUM 1.616 58 7.939 117 1,04 238 1.682 110

TECH UNIV MUNCHEN 1.955 40 11.878 71 1,38 140 2.700 56

UNIV AACHEN (RWTH) 1.116 119 9.525 92 1,75 77 1.951 87

UNIV FREIBURG 874 165 6.043 149 1,34 152 1.175 160

UNIV HAMBURG 1.465 74 9.186 96 1,21 186 1.779 98

UNIV KARLSRUHE (TH) 1.608 59 16.144 49 2,04 44 3.279 46

UNIV KONSTANZ 407 277 2.326 265 1,23 181 501 264

UNIV MUNSTER 762 190 4.610 185 1,36 146 1.037 172

LARGE GERMAN UNIVERSITIES 29.623 - 169.699 - 1,22 - 36.133 -

University

departments

fields

University
Large institute

fields

1. Breakdown by ‘internationally standardized’

research fields: ‘research profile’

COGNITIVE ORIENTATION:
PUBLICATIONS AND IMPACT PER SUBFIELD

1992 - 2000

MDC

BIOCH & MOL BIOL  (1.87)

GENETICS & HERED  (2.47)

PERIPHL VASC DIS  (1.21)

NEUROSCIENCES  (2.33)

ONCOLOGY  (1.03)

CELL BIOLOGY  (2.47)

UROLOGY & NEPHRO  (1.46)

CARD & CARD SYST  (1.08)

MULTIDISCIPL SC  (3.58)

IMMUNOLOGY  (1.77)

MEDICINE,GENERAL  (1.21)

HEMATOLOGY  (1.32)

MEDICINE, RES  (1.81)

BIOPHYSICS  (1.79)

PHARMACOL & PHAR  (0.66)

SURGERY  (1.44)

PHYSIOLOGY  (1.04)

DEVELOPMENT BIOL  (1.64)

BIOTECH & APPL M  (2.29)

SUBFIELD 
(CPP/FCSm)

A  research profile enables us to compare the research 
performance of a university or institute with 

Benchmark universities/institutes

comprehensive overview of 
strengths & weaknesses
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RESEARCH AND IMPACT PROFILE 

COMPARISON CHART 2000 - 2005

1,488272167

0,877715351

1,133503702

1,780483972

1,425497421

1,364446864

0,933069397

0,925819818

1,232079775

0,975118412

0,871740502

1,340229758

1,131225008

1,320941613

1,442367177

1,461513772

1,424537452

1,190801762

1,388582721

2,435497625

1,912638685

1,106139734

1,193015518

1,258740489

1,166346994

1,186443793

0,810505638

1,167410862

1,013539778

1,577973882

1,27838307

0,436140425

1,749182243

1,604874865

1,350774631

1,102978333

1,119279966

1,051305363

1,279897752

1,387273015

1,246906745

1,296372235

0,863385715

1,339767147

1,391367091

1,037151096

1,247136459

1,01457644

1,06138335

1,000906386ONCOLOGY

BIOCH & MOL BIOL

NEUROSCIENCES

SURGERY

PHYSICS,MULTIDIS

PHYSICS, PART&FI

UROLOGY & NEPHRO

CELL BIOLOGY

CLIN NEUROLOGY

HEMATOLOGY

ASTRON & ASTROPH

CARD & CARD SYST

IMMUNOLOGY

RAD,NUCL MED IM

ENDOCRIN & METAB

GENETICS & HERED

PHARMACOL & PHAR
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CHEM, INORG&NUC

PERIPHL VASC DIS

CHEMISTRY, MULTI

OPHTHALMOLOGY

PHYSICS, AT,M,C

CHEM, ORGANIC

MATHEMATICS

 

UNIV HEIDELBERG HUMBOLDT UNIV BERLIN

RESEARCH AND IMPACT PROFILE 
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University
Large institute

departments

2. Breakdown by ‘real’departmentsor other entities such as 
programs, groups:

Matchingbibliometric data (‘external’) with 
the ‘real fine-structure’ (‘internal’ ) of a main 

organization (e.g., a university)

IMPACT COMPARED TO WORLD SUBFIELD AVERAGE
1992 - 2000

RESEARCH GROUPS

Klinische Forschung 

Genomforschung 

Kreislauf- und 
Stoffwechselforschung 
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Erkrankungen des 
Nervensystems 
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Cancer research Genomics
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P

Same institute, now breakdown into its 
5 departments

world average
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IMPACT COMPARED TO WORLD SUBFIELD AVERAGE
1992 - 2001

RESEARCH GROUPS
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TOTAL PUBLICATIONS

Black coloured squares above (below) the horizontal reference line represent groups
 for which the impact (CPP) is significantly above (below) world average (FCSm)

C
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m

Bibliometric evaluation of all research groups in the the 
Faculty of Sciences, University of  Groningen

c/cf

P

P U B L

C P P / F C S m
C P P / F C S

0 . 0 0

1 . 0 0

2 . 0 0
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4 . 0 0

5 . 0 0

6 . 0 0

7 . 0 0
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N L - P H Y S

excellence threshold

c/cf

P

Gerard ‘tHooft Martinus Veltman

Nobel Prize in Physics 1999

c/cf in 1980-1998: 

3.94 4.01

c/cf is still an average value

Experience explains what it means, for instance, c/cf = 
2.5 is very good…

Is it possible to find a more ‘self-explaining’ impact 
parameter?

Yes, by answering the question ‘do these publications 
belong to the top-10% of the worldwide impact 
distribution function of the field?’

Calculate Πt/Pt

Number of publications as a function of the number of citations
 NL Chemistry

1

10

100

1000

10000

1 10 100 1000

C

P(C)

Top-10%
(1,680)

Total P = 10,000:  Πt = 1,000 in top-10%

Measured: Pt = 1,680 in top-10%

Ratio: Πt/Pt = 1.68
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TABLE 6: HIGHLY CITED PAPERS FOR THE UNIVERSITY AND INSTITUTES

Research Unit P 0203 Ptop 5% E(Ptop 5%) A/E(Ptop 5%)

Biology 438 30 21,8 1,37
Chemistry 344 35 17,2 2,03

Earth Sciences 104 9 5,3 1,69
Engineering 186 20 9,3 2,15

Mathematics and Computer Science 181 16 8,9 1,80
Medicine 1.432 95 71,8 1,32
Pharmacy 308 17 15,5 1,10
Physics 368 21 18,2 1,15

Social Sciences 151 10 7,5 1,33

Uppsala University 3.190 228 159,5 1,43
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2.5Biol Sci, humans

P c/cf > 2.5

LUMC examples:

Rheumatology 92 3.34

T-cell immune response 88 2.73 

Oncological surgery 106 3.74

Infection diseases 26 3.63

Clinical epidemiology 190 2.59

Tumour genetics 93 2.75

Figure 2
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Citing Publications: Knowledge users 
with field-specific profile

Cited Publications: Knowledge producers with
field-specific profile

FIGURE 7:

COGNITIVE ORIENTATION:
PUBLICATIONS AND IMPACT PER FIELD

1998 - 2004
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in physics, chemistry, and biology

rating Q          CPP/FCSm
very low low high very high Σ

0.0- <0.5 0.5- <1.0 1.0- <1.7 >1.7

unsatisfactory 2 3 7 0 0 10
satisfactory 3 6 51 31 3 91

good 4 1 27 80 29 137
excellent 5 0 6 26 36 68

10 91 137 68 306

from: H.F. Moed 2005

More concrete objections:

* Field-definition and therefore the denominator cf
(FCSm) may be inappropriate;

* Time-lag (‘older situation’);
* Main stream work will be cited better than ‘risky’, new 

work
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Science mapping based on 
co-word analysis Step 1(crucial!):

field definition � set of publications on the basis 
of journals, keyword-selection, special databases 

Major fields (e.g., neuroscience, condensed 
matter physics) cover about 50,000 publ/y)

VOLUME 88,  Number 13      PHYSICAL REVIEW LETTERS            1 April 2002

Truncation of Power Law Behavior in “Scale-Free”
Network Models

due to Information Filtering

We formulate a general model for the growth of scale-free 
networks under filtering information conditions—that is, 
when the nodes can process information about only a subset 
of the existing nodes in the network. We find that the 
distribution of the number of incoming links to a node 
follows a universal scaling form, i.e., that it decays as a 
power law with an exponential truncation controlled not only 
by the system size but also by a feature not previously 
considered, the subset of the network “accessible” to the 
node. We test our model with empirical data for the World 
Wide Web and find agreement.

Step 2:

Computerized grammatical 

parsingof 

title and abstract

VOLUME 88,  Number 13      PHYSICAL REVIEW LETTERS            1 April 2002

Truncation of Power LawBehavior in “Scale-
Free” NetworkModels due to Information 

Filtering

We formulate a general model for the growth of 
scale-free networksunder filtering information
conditions—that is, when the nodes can process 
information about only a subset of the existing nodes in 
the network. We find that the distribution of the 
number of incoming links to a node follows a 
universal scalingform, i.e., that it decays as a 
power lawwith an exponential truncation

Step 3:

*  The parsing procedure will yield many 
thousands of keywords � concepts

*  These concepts are ranked by frequency

*  We take the top-200: w1, w2, ……. , w200

*  We encode each of the 50,000 publications 
with a binary string, e,g., p1 = [ 1,1,0,0, ………0 ]
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Publications encoded as a string of concepts 
(keywords): ‘DNA-coding of publications’

w1 w2 w3 w4 w5        …………………

p1
p2
p3
p4
.
.
.

1 1 1 1 1

1 0 1 1 0

1 0 0 1 0

0 0 0 0 0

With matrix-algebra  >  concept- (w1,…w5) 
correlation

Calculation of word-correlations

PT(w)  x   P(w)

1…1…1…0

1…0…0…0

1…1…0…0

1…1…1…0

1…0…0…0

1…1…1…1…1

1…0…1…1…1

1…0…0…1…0

0…0…0…0…0

P(w) × PT(w)  =  C(P)
PT(w) × P(w)  =  C(w)

w1    w2    w3    w4     w5

w1 3 1 2      3 1
w2 1 1 1      1 1
w3 2 1 2      2 1
w4 3 1 2      3       1
w5 1 1 1 1 2

Step 5 

Transformation of the matrix (think of a 
kilometer-table of cities) into a landscape in 
which these cities have their locations
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w1    w2    w3    w4     w5

w1 3 1 2      3 1
w2 1 1 1      1 1
w3 2 1 2      2 1
w4 3 1 2      3       1
w5 1 1 1 1 2

Step 5: Transformation of the matrix (think of a 
kilometer-table of cities) into a landscape in 
which these cities have their locations

w1

w4

w3

w2

w5

17- Dielectric 
Propert/Mat/Dev

18- Supercond; Magn 
Propert/Struct

16- Radio/TV/Audio; 
Computer Storage

14- Physical Chemistry

15- Micro/Electromagn 
Waves

13- Control Theoy/Appl

10- Tele/Data 
Communication

12- Optical/Optoelec 
Mat & Dev

11- Measuring & 
Equipment

8- Optics; Lasers & 
Masers

9- Computer Theory; 
Software Eng

6- Liquids/Solids 
Structures4- Circuit Theory

7- Electron. 
struct/propert Surfaces

5- Maths Techniques

2- Circuits & Design

3- Materials

1- General Micro-
electronics

mathematics physicsinstruments

applications

Genetics
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Very high impact research

Map of Genetics

Leiden impact impact Leiden impact Karolinska
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Conclusion:

With this advanced bibliometric methodology it is certainly possible 
to construct an appropriate set of indicators for the assessment of 
research performance in a way that is 

acceptable + useful for the institutes and groups to be 
evaluated 

comprehensive across at least the science-based disciplines, 

robust and reliable at the whole range of levels ranging from 
specific research themes to fields, main fields and entire disciplines. 

There are no ‘black box’ elements: absolute transparency and 
comprehensibility on both the technical as well as the 
methodological level. 

Thank you for your attention


