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This lecture presents the state-of-the-art of an
advanced bibliometric methodology, fine-tuned to

the specific demands of the evaluation of
academic research
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Construction of Indicators

Acceptable, Valid, Robust, Reliable, Transparent
Measures of Research Impact

Comprehensiveness Across the Science-Based
Disciplines

Identifying High Quality Research

Distribution of impact within a department or
institute: ‘quality profile’



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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[13] We consider a modification To N the paper: at each time step t, the new node establishes m new
links, where m is drawn from a power law distribution with exponent gout.

[14] For n(1) = const, one recovers the scale-free model of Ref. [9].

[15] It is known [11] that, for an exponential or fat-tailed distribution of fitness, the structure of the network becomes much more complex; in
particular, the in-degree distribution is no longer a power law. Hence, we do not consider in this manuscript other shapes of the fitness
distribution.

[16] L. A. N. Amaral, A. Scala, M. Barthélémy, and H. E. Stanley, Proc. Natl. Acad. Sci. U.S.A. 97, 11 149 (2000).

[17] H. A. Simon, Models of Bounded Rationality: Empirically Grounded Economic Reason (MIT Press, Cambridge, 1997).

No self-citations!



What do citations measure?

- Many studies show 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’




Qualitative versus quantitative assessment

peer review reputation may have strong influence
includes 'tacit knowledge' (e.g., instrument building)
includes credits: expectations, we believe that..., ahead of time...
takes products other than journals papers into account
fashion and hypes perhaps less influential

bibliometric reputation much less influential
analysis only 'codified knowledge'
no credits: only past performance, evidence-based
products other than journal papers less important
fashion and hypes perhaps more influential on the short term
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Network of publications (nodes)

linked by citations (edges)

Lower citation-density Higher citation-density

e.qg., applied research, e.g., basic natural
social sciences medical research

FCSm

Y
JCSm
Expected values for normalization

Absolutely necessary but......are they
appropriate?
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Example: Leiden University 2000-2005

N\
INTERNAL COVERAGE OF THE CITATION INDEX BY MAIN FIELD
P|Avg Nr Refs | %Refs Refs

Main Field 00-05 Refs| <1980| <1980 | Non-CI| Refs CI| %REfs CI
CLINICAL MEDICINE 3,893 33.3 6,950 5%]| 11,637| 110,945 919%
BIOL SCI: HUMANS 2,421 39.0 4,449 5% 6,447| 83,588 939%
BIOL SCI: ANIMALS & PLANTS 754 41.2 5,638 18% 6,611 18,805 74°%0
MOLECULAR BIOLOGY & BIOCHEM 1,257 40.5 2,930 6% 3,968| 44,001 929%
PHYSICS AND ASTRONOMY 1,492 36.7 4,898 9% 7,555 42,320 85%
CHEMISTRY 871 34.5 3,608 12% 3,717 22,693 86%
MATHEMATICS 233 21.5 957 19% 1,680 2,375 5990
GEOSCIENCES 134 40.4 578 11% 2,169 2,673 559%b0
APPLIED PHYSICS AND CHEMISTRY 514 24.7 1,382 11% 2,081 9,256 829%
ENGINEERING 373 21.5 686 9% 3,151 4,185 579%0
MULTIDISCIPLINARY 126 30.5 215 6% 339 3,291 919%
ECONOMICS 35 38.9 160 12% 593 608 5190
PSYCHOLOGY, PSYCHIATRY & BEHAV SC 633 40.3 2,789 11% 7,296| 15,406 689/
SOCIAL SCIENCES RELATED TO MEDICINE 292 28.9 597 7% 2,153 5,698 7 3%
OTHER SOCIAL SCIENCES 291 34.9 1,469 14% 5,649 3,047 359/
HUMANITIES & ARTS 220 38.7 2,477 29% 5,063 973 16°




CWTS applies three types of field
definitions:

1. Field = set of journals

‘established fields’
scientific medium-grained structure

B
+ reference-based re-definition

(expansion) of fields




Main field: Medical & Life Sciences
Major fielc BIOMEDICAL SCIENCES

ANATOMY & MORPHOLOGY

IMMUNOLOGY

INTEGRATIVE & COMPLEMENTARY MEDICINE

MEDICAL LABORATORY TECHNOLOGY

MEDICINE, RESEARCH & EXPERIMENTAL

NEUROIMAGING

NEUROSCIENCES

PHARMACOLOGY & PHARMACY +———————

PHYSIOLOGY S —

RADIOLOGY, NUCLEAR MEDICINE & MEDICAL IMAGINC
TOXICOLOGY

VIROLOGY

INDIAN JOURNAL OF GENETICS AND PLANT BREEDING
[JAPANESE JOURNAL OF GENETICS

JAPANESE JOURNAL OF HUMAN GENETICS

[JOURNAL DE GENETIQUE HUMAINE

JADVANCES IN GENETICS INCORPORATING MOLECULAR GENETIC MEDICINE
[CHEMICAL MUTAGENS-PRINCIPLES AND METHODS FOR THEIR DETECTION

[SOMATIC CELL AND MOLECULAR GENETICS
[BIOTECHNOLOGY & GENETIC ENGINEERING REVIEWS
[EXPERIMENTAL AND CLINICAL IMMUNOGENETICS.
[GENE ANALYSIS TECHNIQUES

[FOURNAL OF MOLECULAR AND APPLIED GENETICS
[JOURNAL OF NEUROGENETICS

TRENDS IN GENETICS
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Citing publications
Field-specific normalization ’

C(A)/P(A)
------------ = CPP/FCSm FCS
C(f)/P(f) -

+ doc. type normalization
+ no self-citations, also not in C(f)!

Cited publications ‘

~ Universiteit Leiden. The universitv to discover.



Basic Performance Indicators

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

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

Hirsch-index

Output-normalized Impact: Average number of
cits/pub of the institute

e JCSmM Average number of cits/pub of the journal set

used by the institute

e FCSm Average number of cits/pub of all journals of a

ep0

specific field in which the institute is active
(FCSm)

Percentage of not-cited publications



CWTS Key Research Performance Indicators:

o JCSMm/FCSm Relative impact of the used journal set
e CPP/JCSmM Internat. journal-normalized impact
e CPP/FCSmMm Internat. field & doc-normalized impact

o Pt/ITt Contribution to the top-5, 10, 20,..%
o P*CPP/FCSm Size & Impact Together: Brute Force



Application of Thomson-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
nominator/denominator

* Underlying citation distribution is very skew:

IF-value heavily determined by a few very highly
cited papers



Basic resg¢

R high

High CPP

high FCSm, but
low JCSm

low FCSm, but
high JC

\
|low FCSm |

Applied research,
engineering
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Field normalization

CPP >> CPP/FCSm is absolutely necessary

but
CPP: is as it is.....
FCSm: do we apply the right field-specific

normalization?

Problems: size of the field, appropriateness of the WoS-category, role

of underlying distribution function (>small non-linearity)?



..and on the basis of the 30,000,000
grammatically parsed publication abstracts
(1980-2008):

2. Field = clusters of

concept-related

publications
new, emerging often interdisc. Fields
scientific fine-grained structure

~ Universiteit Leiden. The universitv to discover.



VOLUME 88, Number 13  PHYSICAL REVIEW LETTERS 1 April 2002

~ Models

wl

W2

w3|. [. |wm

.1y information

. ule existing nodes in the

the disuwuuc.. o, __ .......ny 11IKS 10 @ node follows a universal scaling
p4 ys as a wllw2iw3l. |. |wmpn controlled not only by the system size
hot prev 1 hork “accessible” to the node. We test our
data for | W t.
w2
sRevLetyy/3 , 84.35.+i, 89.75.Da, 89.75.Hc
w4
Th in unde 1anisms of global networks [1-3], such as the World Wide
Wi . Netwol= buch as Internet attacks [2], spread of an Email virus [7], or
dy| Il these |. nber of links play an important role on the dynamics of the
SY9 ' N the gl ts precise distribution of the number of links.
Re. bth the |- properties; that is, the number of incoming links and the
nu ode hav{WM w tails [4-6]. It has been proposed [9] that the scale-free
str] - may be explained by a mechanism referred to as “preferential attachment” [10] in which new nodes link to
ex ortional to the number of existing links to these nodes. Here we focus on the stochastic character of the
pre- nich we understand in the following way: New nodes want to connect to the existing nodes with the largest
nul , Jegree—because of the advantages offered by being linked to a well-connected node. For a large network it
IS 10w the degrees of all existing nodes, so a new node must make a decision on which node to connect with

ba

pn

t 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.



Cl2 label 1

Now specific sub-field CPP/FCSm values can be calculated, e.q.,
the normalized citation impact for research on genetic algorithms

instead of normalization based on much larger fields such as
Computer Science

But, obviously, the finer grained, the more 'noisy’




3.Field = set of publications with
thematic/field-specific classification codes
e.g., from PubMed

again for new, emerging often interdisc. fields
scientific fine-grained structure

~ Universiteit Leiden. The universitv to discover.



Problem of the ‘right’ FCSm.....

- Stem cell research

= Psychiatry

@  Occupational- and environmental research

© Neuroscience

N~ Musculoskeletal diseases j-categor
© Immunology/microbial pathogenesis \. FCSm
lo Eye research s FCsm
< Research on the elderly PubMed classi
™ Diabetes

N Cardiovascular research

A Cancer research

0 2 4 6 8 10 12 14 16 18 20




Physics 1997-2006

CPP/ CPP/ JCSm/
P CPP/FCSM(RCUK)\[FCSMm(WoS)\FCSm(WoS)
Canada 42,791 7.9 1.29 1.42 1.37
France 107,183 6.6 1.08 1.23 1.18
Germany 157,615 7.7 1.26 1.37 1.26
Japan 173,344 5.4 0.87 1.04 1.12
Netherlands 29,743 9.3 1.51 1.63 1.39
UK 103,885 8.09 1.31 1.39 1.25
USA 381,338 10.09 1.63 1.73 1.48




Physics papers in Nature & Sciénce 1997,Z006

/ N/ \

[ cpp/ \|/ cpp/ \| JCSm/

P CPP fCSm(RCUK\ FCSm(WoS)| FCSm(WoS)

[
Canada 66| 55.20 8.94 1.56 3.09
France 199| 57.04 9.23 2.07 3.09
Germany 281| 64.57 10.45 2.25 v 3.11
Japan 231 82.21{ 1331 ||| 2.77 3.12
Netherlands 136]101.85]\ 16.49 ||\ 3.29 |  3.19
UK 233] 76.63] \ 12.41 ]|\ 259 /| 3.22
USA 1,710 79.60 12.89 2.55 3.14




PHYSICS

35000 - time lag & citation window
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BIOCH & MOL BIOL
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*SOCIOLOGY
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* LANGUAGE&LING

600

500 -

400 -

300 -

200 -

100 -

0 1 1 1 1 1 1 1 1 1 1 |
Cits91 Cits92 Cits93 Cits94 Cits95 Cits96 Cits97 Cits98 Cits99 Cits00 Cits01 Cits02




o B|b||ometr|c standard indicators
trend-analysis, institute as a whole, 1999-2008 / ™\

CPP Self
P C CPP nc CSm FCS Cit

1999 - 2008 1,643 23,990 14.6] 14% |1.08/| 1.34 | 1.24| 20%
1999 - 2002 625] 2,882] 4.61] 34%] | 1.14[| 1.3 1.1p[] 26%
2000 - 2003 610 2,971| 4.87] 34%| | 1.13]] 1.40] § 1.24|] 25%
2001 - 2004 615] 3,038 4.94] 35%| [1.14]] 1.3 1.17[] 26%
2002 - 2005 632] 3,010] 4.76] 33%| | 1.09]] 1.23[ I 1.16[]] 27%
2003 - 2006 646] 3,220 4.98] 30%| | 1.0 1.2A] | 1.2%| 27%
2004 - 2007 677] 3,397] 5.02|\ 31%]| | 1.0a\ 1.29[) 1.24] 27%
2005 - 2008 718] 4,134] 5.76|\ 27%)|] 1.058 1.40\) 1.33] 26%

\ N/




institute as
a whole

e World average




institute as
a whole

CPP/FCSm

-~ World average




International impact of VUMC publications 1997-2006
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Departments

‘bottom-up’ analysis: input data (assignment
of researchers to departments) necessary;

> Detailed research performance analysis of
a university by department

1€IAS

‘top-down” analysis: field-structure is
imposed to university;

> Broad overview analysis of a university by
field
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FIELD
(CPP/FCSm)

ASTRON & ASTROPH
BIOCH & MOL BIOL
ONCOLOGY
IMMUNOLOGY
HEMATOLOGY
GENETICS & HERED
PHARMACOL & PHAR
PHYSICS, MULTIDIS
PHYSICS, COND MA
ENDOCRIN & METAB
MEDICINE,GENERAL
RAD,NUCL MED IM
CHEM, PHYSICAL
CARD & CARD SYST
RHEUMATOLOGY
CLIN NEUROLOGY
NEUROSCIENCES
CHEM, INORG&NUC
PHY SICS, AT.M,C
PERIPHL VV ASC DIS
CELL BIOLOGY
MULTIDISCIPL SC
CHEM, ORGANIC
PLANT SCIENCES
PATHOLOGY
SURGERY
CHEMISTRY

COMPU SCI, THEORY
PEDIATRICS

Output and impact per field
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RESEARCH AND IMPACT PROFILE
COMPARISON 2000 - 2005

Large UK University vs. Leiden University

ASTRON & ASTROPH
BIOCH & MOL BIOL
MATER SC, MULTID

CHEM, PHYSICAL

MEDICINE,GENERAL

DENT, ORAL SURG

PHYSICS, MULTIDIS
ENG, ELEC&ELEC
NEUROSCIENCES

CHEMISTRY, MULTI

PSYCHIATRY

COMPU SCI, THEORY
ENDOCRIN & METAB
RHEUMATOLOGY
ONCOLOGY

CELL BIOLOGY
PHYSICS, COND MA
ENG, CHEMICAL
PHARMACOL & PHAR
CHEM, ORGANIC

PHYSICS, PART&FI

PHYSICS, APPLIED

GENETICS & HERED




RESEARCH PROFILE
OUTPUT AND IMPACT PER FIELD
2003 - 2007

LUMC Anesthesiology

FIELD
(CPP/FCSm)

ANESTHESIOLOGY (1.88)

/

PHARMACOL&PHARMA
(0.95)

:
\

PHYSIOLOGY (0.66)

MEDICINE,GEN&INT
(0.65)
MEDICINE,RES&EXP
(0.00)

HLTH CARE SC&SER
(3.97)

PUBL ENV OCC HLT
(1.53)

GENETICS&HEREDIT
(2.09)

HEMATOLOGY (1.43)

MULTIDISCIPL SC (1.57)

NEUROSCIENCES (0.69)

SPORT SCIENCES (1.69)

(] 10 20 30 40 50 60
Share of the output (%)

HicH I

IMPACT: Low [ ] AVERAGE




FIGURE 12

Citing Publications: Knowledge
users with field-specific profile

Py

Cited Publications: Knowledge producers
with field-specific profile

Universiteit Leiden. The universitv to discover.



Diseases of the Neurosystem
Dept Output in Fields Dept Impact from Fields

CPP/
FCSm

NEUROSCIENCES (2.28)

310CH & MOL BIOL (2.00) !

CP P/ CELL BIOLOGY (1.96)
FCSm

AEUROSCIENCES (2.70) MULWRISCIPL SCoZ.84)

| DEVIELOPMENT BIOL (1.33)

GENETICS & HERED (2.70) Kn OWI ed g e use by ve ry h Ig h
BIOCH & MOL BIOL (1.92) PHYSIOLOGY (1.74) | m paCt g rou pS

CLIN NEUROLOGY (1.58)
CELL BIOLOGY (2.74)

>HARMACOL & PHAR (3.94)

ONCOLOGY (1.60)
MULTIDISCIPL SC (4.33)
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DEVELOPMENT BIOL (1.32) ‘ ANAT & MORPHOL (2.15)

ENDOCRIN & METAB (1.81)
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15t order interdiscipl PO 2nd order interdiscipl
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Conclusion

Advanced bibliometric analysis is a powerful tool
to make research assessment more objective,
transparent and effective, particularly in the
natural science and medical fields, and in several
of the engineering and social science fields -but
never use it as a stand-alone tool;

It is also an effective instrument for measuring
interdisciplinarity, knowledge flows and
knowledge diffusion, participation in solving
societal/technological/economic problems



A scientist has index h

if h of his/her N papers have at least h
citations each

and the other (N-h) papers have no more
than h citations each

~ Universiteit Leiden. The universitv to discover.
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A has 6 publ: 5 are cited 5 times, 1 is not cited
H=5

B has @ publ: 4 are cited 4 times, 2 are cited 5
H= 4 times

r(B) <r(A)

This is unnatural and very difficult to justify.

We call this an inconsistent indicator.

~ Universiteit Leiden. The universitv to discover.



Group A, 5 res, each res 5 publ, each publ 5 cit >>
each res H=5, there are 25 publ with 5 cit (C=125)

Group B, 5 res, each res 2 publ with 10 cit
and 3 publ uncited >> each res H=2, there are 10 publ
with 10 cit (C=100)

Each res in group A outperforms each res in group B

Thus, clearly group A outperforms group B.

According to Hirsch this is NOT the case:
Group A: H=5, Group B: H=10

~ Universiteit Leiden. The universitv to discover.



The H-index calculated at the level
of research groups completely
contradicts the same measure at
the level of the individual
researchers in the same groups

This is a rather odd result

Again: the H-index is inconsistent



Correlation of h-index (h) with number of citations (C)
for all chemistry groups in the Netherlands
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Correlation of h-index (h) with number of publications (P)
for all chemistry groups in the Netherlands
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Correlation of h-index (h) with CPP/FCSm

for all chemistry groups in the Netherlands
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