Universiteit

4 Leiden
The Netherlands

Towards a new crown indicator: An empirical analysis
Waltman, L.R.; Eck, N.J.P. van; Leeuwen, T.N. van; Visser, M.S.; Raan, A.F.]. van

Citation

Waltman, L. R., Eck, N. ]J. P. van, Leeuwen, T. N. van, Visser, M. S., & Raan, A. F. J. van.
(2010). Towards a new crown indicator: An empirical analysis. Leiden: SW Centrum
Wetensch. & Techn. Studies (CWTS). Retrieved from https://hdl.handle.net/1887/16091

Version: Not Applicable (or Unknown)
License: Leiden University Non-exclusive license
Downloaded from: https://hdl.handle.net/1887/16091

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:3
https://hdl.handle.net/1887/16091

Towards a new crown indicator:
An empirical analysis

Ludo Waltman, Nees Jan van Eck, Thed N. van L eeuwen,
Martijn S. Visser, and Anthony F.J. van Raan

CWTSWorking Paper Series

Paper number CWTS-WP-2010-009

Publication date September 7, 2010

Number of pages 16

Email address corresponding author  waltmanlr@cwts.leidenuniv.nl

Address CWTS Centre for Science and Technologyi&uUCWTS)
Leiden University
P.O. Box 905

2300 AX Leiden
The Netherlands
www.cwts.leidenuniv.nl

Universiteit Leiden

(x)
(]
3
-
-
c
3
<
(=3
(=]
-
(]
-
(]
3
(%)
(2]
=
Q
o
n
[
(]
S
-
(13
(2]
=2
=
2,
o
@
(]
(%)
-
c
o
(]
(")




Towards a new crown indicator: An empirical analysis

Ludo Waltman, Nees Jan van Eck, Thed N. van Leeuwen
Martijn S. Visser, and Anthony F.J. van Raan
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{waltmanlr, ecknjpvan, leeuwen, visser, vanraan}@xleidenuniv.nl

We present an empirical comparison between two alization mechanisms for citation-based
indicators of research performance. These mechan&@m to normalize citation counts for the field
and the year in which a publication was publisi@de mechanism is applied in the current so-called
crown indicator of our institute. The other mecisamiis applied in the new crown indicator that our
institute is planning to adopt. We find that attigggregation levels, such as at the level of large
research institutions or at the level of countries, differences between the two mechanisms are ver
small. At lower aggregation levels, such as atiekel of research groups or at the level of jowsntie
differences between the two mechanisms are somdaiugr. We pay special attention to the way in
which recent publications are handled. These patitins typically have very low citation counts and
should therefore be handled with special care.

1. Introduction

It is well known that the average number of citasioper publication varies
significantly across scientific fields. Of courdhe average number of citations per
publication also varies across publications of eddght ages. That is, older
publications on average have more citations thamen@nes. Due to these effects,
citation counts of publications published in diéat fields or in different years cannot
be directly compared with each other.

It is generally agreed that in citation-based rede@gerformance evaluations one
needs to control for the field and the year in Wwhécpublication was published. In
performance evaluation studies, our institute,Gleatre for Science and Technology
Studies (CWTS) of Leiden University, uses a stashdaat of bibliometric indicators
(Van Raan, 2005). Our best-known indicator, whighwsually refer to as the crown
indicator, relies on a normalization mechanism tiats to correct for the field and
the year in which a publication was published. Adicator similar to the crown
indicator is used by the Centre for R&D Monitori(EECOOM) in Leuven, Belgium.
ECOOM calls its indicator the normalized mean ®tatrate (e.g., Glanzel, Thijs,
Schubert, & Debackere, 2009).

The normalization mechanism of the crown indicdtasically works as follows.
Given a set of publications, we count for each akibn the number of citations it
has received. We also determine for each publicatsoexpected number of citations.
The expected number of citations of a publicatiguads the average number of
citations of all publications of the same docuntgpe (i.e., article, letter, or review)
published in the same field and in the same yearoftain the crown indicator, we
divide the sum of the actual number of citationglbfpublications by the sum of the
expected number of citations of all publications.

As an alternative to the above normalization meigmanone could take the
following approach. One first calculates for eaclblgation the ratio of its actual
number of citations and its expected number oftioita, and one then takes the



average of the ratios that one has obtained. Arcatal that uses this alternative
normalization mechanism was introduced by Lundlf28§7). He called his indicator
the item-oriented field-normalized citation scokerage. More recently, Opthof and
Leydesdorff (2010) argued in favor of the altevatinormalization mechanisi.
Indicators that rely on the alternative mechanisenkeeing used by various institutes,
among which Karolinska Institute in Sweden (RehrK&nman, 2008), Science-
Metrix in the US and Canada (e.g., Campbell, Ardbamit, & C6té, 2008, p. 12), the
SCimago research group in Spain (SClmago ResearobupG 2009), and
Wageningen University in the Netherlands (Van MelBerritsma, Van der Togt,
Leon, & Van Zeist, 2009). Sandstrom also employsal dlternative mechanism in
various bibliometric studies (e.g., Sandstrom, 2@033-34).

In a recent paper (Waltman, Van Eck, Van Leeuweiss&, & Van Raan, in
press), we have presented a theoretical comparsiween the normalization
mechanism of the crown indicator and the altereatnormalization mechanism
discussed by Lundberg (2007) and others. The n@iclgsion that we have reached
is that, at least for the purpose of correctingtfar field in which a publication was
published, the alternative mechanism has more factiisy properties than the
mechanism of the crown indicator. In particulag #iternative mechanism weighs all
publications equally while the mechanism of theagrondicator gives more weight to
publications from fields with a large expected nembf citations. The alternative
mechanism also has a so-called consistency proggasically, this property ensures
that the ranking of two units relative to each ottlees not change when both units
make the same progress in terms of publications ciations. The normalization
mechanism of the crown indicator does not haveithgrtant property.

At CWTS, we are currently moving towards a new arandicator, in which we
use the alternative normalization mechanism. Irs tphiaper, we explore the
consequences of this change. We perform an emlpaosaparison between on the
one hand the normalization mechanism of our curceotvn indicator and on the
other hand the alternative normalization mechartisat we are going to use in our
new crown indicator. Our focus in this paper istlo@ issue of correcting for the field
and the year in which a publication was publisn&. do not consider the issue of
correcting for a publication’s document type. Wadst four aggregation levels at
which bibliometric indicators can be calculatedmedy the level of research groups,
the level of research institutions, the level oficwies, and the level of journals. We
pay special attention to the way in which recentligations are handled when the
alternative normalization mechanism is used.

2. Definitions of indicators

In this section, we formally define the CPP/FCSndigator and the MNCS
indicator. The CPP/FCSm indicator, where CPP and&rCare acronyms for,
respectively, citations per publication and meatdficitation score, has been used as
the crown indicator of CWTS for more than a decadee MNCS indicator, where
MNCS is an acronym for mean normalized citationrec the new crown indicator
that CWTS is going to adopt.

Consider a set af publications, denoted by 1, .n, Let ¢ denote the number of
citations of publicationi, and lete denote the expected number of citations of

! See also our reply to Opthof and Leydesdorff (VRaan, Van Leeuwen, Visser, Van Eck, &
Waltman, 2010) and some other contributions todiBeussion (Bornmann, 2010; Moed, 2010; Spaan,
2010).



publicationi given the field and the year in which publicatiowas published. In
other wordsg equals the average number of citations of allipabbns published in
the same field and in the same year as publicatidhe field in which a publication
was published can be defined in many different wAysCWTS, we normally define
fields based on subject categories in the Web @nSe database. The CPP/FCSm
indicator is defined as

CPPIFCSME 2" n_ XL

Sre/n e

The CPP/FCSm indicator was introduced by De Biiint, Luwel, and Moed (1993)
and Moed, De Bruin, and Van Leeuwen (1995). A simihdicator, the normalized
mean citation rate, was introduced somewhat easljeBraun and Glanzel (1999).
The normalization mechanism of the CPP/FCSm indicgdbes back to Schubert and
Braun (1986) and Vinkler (1986). For a discussibthe conceptual foundation of the
CPP/FCSm indicator, we refer to Moed (2010).

We now turn to the MNCS indicator (Waltman et al.press). This indicator is
defined as

(1)

MNCs=135 @)
n i=1 e

The MNCS indicator is similar to the item-orientBeld-normalized citation score
average indicator introduced by Lundberg (2007) Tfbrmalization mechanism of
the MNCS indicator is also applied in the relatipaper citation rate indicator
discussed by Vinkler (1996). Comparing (1) and (2)can be seen that the
CPP/FCSm indicator normalizes by calculating eorafi averages while the MNCS
indicator normalizes by calculating an averageatibs.

3. How to handle recent publications?

Recent publications usually do not have much effecthe calculation of the
CPP/FCSm indicator. These publications tend to hmevenore than a few citations,
and they also tend to have a low expected numbeitations. As a consequence,
both in the numerator and in the denominator ofGR&/FCSm indicator, the effect
of recent publications is typically quite smallhis is different in the case of the
MNCS indicator. Unlike the CPP/FCSm indicator, M&CS indicator weighs all
publications equally. Because of this, recent matlons have an equally strong effect
in the calculation of the MNCS indicator as oldablications.

Weighing all publications equally seems very ndtuaad has theoretical
advantages (Waltman et al., in press). Howevealsib has a disadvantage. Recent

% The difference between the normalized mean citatige indicator and the CPP/FCSm indicator is
that the former indicator only normalizes for theld and the year in which a publication was
published while the latter indicator also normadifer a publication’s document type. In this papes,

do not consider the issue of normalizing for a mabion’s document type. For our present purpose,
the difference between the two indicators is tteehot important.

3 An alternative explanation is as follows. It candhown mathematically that the CPP/FCSm indicator
weighs publications proportionally to their expecteumber of citations (Waltman et al., in press,
Section 2). Recent publications tend to have adgpected number of citations, and their effechia t
calculation of the CPP/FCSm indicator thereforelteto be small.



publications have not had much time to earn citaticand their current number of
citations therefore need not be a very accurateatar of their long-run impact. We
now present some empirical data to illustrate igsge.

Our analysis is based on the Web of Science datab¥s selected seven subject
categories in this database. We interpret thesgedubategories as scientific fields.
The selected subject categories are listed initeedolumn of Table 1. For each of
the selected subject categories, we identifiepalilications of the document types
article and review published in 1999 in journaltohging to the subject category. For
each of the identified publications, we counted miienber of times the publication
had been cited by the end of each year between d892008. Author self-citations
are not included in our citation counts. For eaabject category, the number of
identified publications is listed in the secondwnh of Table 1. Average citation
counts of the identified publications are reportedhe remaining columns of the
table.

Table 1. Average citation counts of publication®lmined in 1999 in seven subject
categories.

No of Average number of citations per publication byd¢inel of
pub. 1999 2000 2001 2002 2003 2004 2005 2006 20@D8 2

Biochemistry
& molecular | 45,721 0.5 34 73 110 145 179 209 238 26.4.928
biology
Cardiac &
cardiovascular 11,332 0.3 2.0 4.7 74 100 126 149 17.0 19.1 920.
systems
Chemistty, | 15087 01 11 25 40 55 70 85 100 114 127
analytical

Economics 7,346 0.1 0.5 1.2 2.0 3.0 4.1 5.3 6.5 7.9.4

Mathematics | 12,450 0.0 02 05 08 12 16 21 229 34

Physics, 24675 01 07 17 28 39 49 60 70 80 88
applied
Surgery 22230 01 09 24 39 54 69 83 96 11123

The citation counts in Table 1 show large diffeeshamong fields. Biochemistry
and molecular biology has the highest citation ¢tsuand mathematics has the
lowest. The difference is roughly one order of magie. This difference clearly
indicates the importance of correcting for the dieh which a publication was
published. It can further be seen in Table 1 thaing the first ten years after a
publication was published citation counts on averagrease approximately linearly
with time.

As shown in the third column of Table 1, publicasaeceive almost no citations
in the year in which they were published. This @ surprising. Citing publications
need to be written, reviewed, revised, and copgdditvhich even under the most
favorable conditions takes at least several monthaddition, some journals have a
substantial backlog of manuscripts waiting to bélished. This also delays the
citation process. For these reasons, it is unlikedy publications receive more than a
few citations in the year in which they were putéid? This is especially true for
publications published towards the end of the yBimtice in Table 1 that in some

* However, as we will see later on in this papeeré¢hare exceptional publications that receive dts
citations already in the year in which they werélhed.



fields, in particular in mathematics, publicatica® unlikely to be cited not only in
the year in which they were published but alsdharext year.

How well does the number of citations of a publmatone or two years after the
publication appeared predict the number of citatiohthe publication in the medium
or long run, say, after five or ten years? In Tahleve report for any two yeays and
Yo, with y; andy, between 1999 and 2008, the Pearson correlationebet the
number of citations a publication has receivedhgydnd of yeay; and the number of
citations a publication has received by the engeairy,. The correlations in the upper
right part of the table were calculated for pulimas published in 1999 in
biochemistry and molecular biology journals. Therelations in the lower left part of
the table were calculated for publications publisie1999 in mathematics journals.

Table 2. Pearson correlations between the numbaetitafions a publication has
received by the end of one year and the numbeitaifans a publication has received
by the end of another year. The upper right pad thwe lower left part of the table
relate to publications published in 1999 in, resipety, biochemistry and molecular
biology journals and mathematics journals.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1999 083 074 068 065 062 060 058 056 0.55
2000 | 0.56 096 093 090 087 08 083 081 0.79
2001 | 0.43 0.82 099 097 095 093 092 090 0.88
2002 | 0.37 0.74 0.92 099 098 097 096 094 0.93
2003 | 0.33 0.70 0.87 0.96 1.00 099 098 0.97 0.95
2004 | 0.31 0.67 0.83 092 0.97 1.00 0.99 0.98 0.97
2005| 0.29 0.64 080 0.89 095 0.98 1.00 0.99 0.99
2006 | 0.28 0.62 0.78 087 093 0.97 0.99 1.00 0.99
2007 | 0.26 060 075 085 091 095 098 0.99 1.00
2008 | 025 059 074 083 089 093 096 098 0.99

As can be seen in Table 2, correlations betweent-slno citation counts and
long-run citation counts can be quite weak. In ¢thse of mathematics publications
published in 1999, the correlation between the remolb citations received by the end
of 1999 and the number of citations received byethe of 2008 equals just 0.25. The
correlation between the number of citations reakibpy the end of 2000 and the
number of citations received by the end of 2008a&x0.59, which is still only a very
moderate correlation. Of the seven subject categothat we have selected,
biochemistry and molecular biology has the strohgesrelations between short-run
citation counts and long-run citation counts. Tikig be expected, since biochemistry
and molecular biology also has the highest citatiomnts. However, even in the case
of biochemistry and molecular biology publicatioriee correlation between the
number of citations received by the end of 1999 thiednumber of citations received
by the end of 2008 is rather moderate, with a vafyast 0.55.

Based on Tables 1 and 2, we conclude that in theuleéion of the MNCS
indicator recent publications need special attentibhese publications have low
citation counts (Table 1), and because of thisrtheng-run impact cannot be
predicted very well (Table 2). This is not a biglplem in the case of the CPP/FCSm
indicator, since this indicator gives less weightrécent publications than to older
ones. The MNCS indicator, however, weighs all mdilons equally, and recent
publications may then introduce a quite significantount of noise in the indicator.
Especially when the MNCS indicator is calculatetbater aggregation levels (e.g., at
the level of research groups or individual researsh where only a limited number



of publications are available, this can be a serjgnoblem. To alleviate this problem,

one may consider leaving out the most recent paiidios in the calculation of the

MNCS indicator. For example, all publications tlma@ve had less than one year to
earn citations could be left out. In this way, doses some relevant information, but
one also gets rid of a lot of noise.

4. Empirical comparison

In this section, we present an empirical comparibetween the CPP/FCSm
indicator and the MNCS indicator. We distinguisltmzen two variants of the MNCS
indicator. In one variant, referred to as the MNQBdicator, all publications are
taken into consideration. In the other variantemefd to as the MNCS2 indicator,
publications that have had less than one yearrtoa@tations are left out.

We study four aggregation levels at which biblioneetindicators can be
calculated, namely the level of research groups |alael of research institutions, the
level of countries, and the level of journals. Weerabt consider the level of individual
researchers. An analysis at this level can be falselwhere (Van Raan et al., 2010).
We use the following four data sets:

* Research groupLhemistry and chemical engineering research grauphe

Netherlands. This data set has been employed iarfarmance evaluation
study for the Association of Universities in thetherlands (VSNU, 2002).

* Research institutionsThe 365 universities with the largest number of

publications in the Web of Science database.

* Countries The 58 countries with the largest number of mations in the

Web of Science database.
* Journals All journals in the Web of Science database ekcaps and
humanities journals.
The main characteristics of the data sets arallistdable 3.

Table 3. Characteristics of the data sets usedrtgpare the CPP/FCSm indicator and
the MNCS indicator.

Research Research .
L Countries Journals
groups institutions

N 158 365 58 8,423
Time period 1991-2000 2001-2008 2001-2008 2005-2008
Average no. of pub. 131 15,069 154,512 475
Median no. of pub. 103 12,409 47,506 233
St. dev. no. of pub. 103 9,149 325,787 1,027

The comparison between the CPP/FCSm indicator la@dviNCS indicator was
performed as follows. For each research group,arekeinstitution, country, or
journal, we retrieved from the Web of Science dasaball publications of the
document types article, note, and review publisiredhe relevant time period
specified in Table 3. Publications in the arts dnunanities were left out of the
analysis. This was done because these publicatess to have very low citation
counts, which makes the use of citation-based peeoce indicators problematic.
We counted citations until the end of the releviame period. Author self-citations
were ignored. In the calculation of the indicatave, normalized for the field and the
year in which a publication was published. We did mormalize for a publication’s
document type. Fields were defined by Web of S@esuabject categories. As
mentioned earlier, in the MNCS2 indicator, publiocas that have had less than one



year to earn citations are left out. In the otwey indicators, all publications are taken
into consideration.

For each of the four data sets that we use, PeasdnSpearman correlations
between the CPP/FCSm indicator, the MNCS1 indicatnd the MNCS2 indicator
are reported in Table 4. The Pearson correlatiomsomes to what degree two
indicators are linearly related. The Spearman tatiom, on the other hand, measures
to what degree two indicators are monotonicallated (i.e., to what degree two
indicators yield the same ranking of items). Segttets of the relations between the
indicators are shown in Figures 1 to 10. Iltems withmore than 50 publications
(excluding publications that have had less than gear to earn citations) are
indicated by red squares in these figures. Itenth wiore than 50 publications are
indicated by blue circles. In each figure, a 45¢dedine through the origin has been
drawn. The closer items are located to this lihe,dtronger the relation between two
indicators.

Table 4. Pearson and Spearman correlations bettiee@PP/FCSm indicator, the
MNCSL1 indicator, and the MNCS2 indicator.

Research  Research :
e Countries Journals
groups institutions
CPP/FCSm vs MNCS1 (Pearson) 0.85 0.98 0.99 0.94
CPP/FCSm vs MNCS1 (Spearman) 0.89 0.98 0.99 0.95
CPP/FCSm vs MNCS2 (Pearson) 0.91 0.99 0.99 0.96
CPP/FCSm vs MNCS2 (Spearman) 0.95 0.99 0.99 0.98
MNCS1 vs MNCS2 (Pearson) 0.95 0.99 1.00 0.91
MNCS1 vs MNCS2 (Spearman) 0.95 0.99 1.00 0.96

We first consider the research groups data set.ttisrdata set, we observe a
moderately strong relation between the CPP/FCSnicatmt and the MNCS1
indicator (see Figure 1). For most research grotips, difference between the
CPP/FCSm score and the MNCS1 score is not vere.lafpwever, there are a
number of research groups for which the MNCS1 soneuch higher or much lower
than the CPP/FCSm score. The relation between BR/KCSm indicator and the
MNCS?2 indicator is considerably stronger (see FagRj. There are only a small
number of research groups for which the CPP/FCSonesand the MNCS2 score
really differ significantly from each other. Therd¢le research groups for which the
difference is largest have been marked with theretA, B, and C in Figure 2. Let us
consider these research groups in more detail. aRasegroup A has only 15
publications. For each of these publications, v®rein Table 5 the publication year,
the number of citations, the expected number ations, and the normalized citation
score. The normalized citation score of a publwatis defined as the ratio of the
actual and the expected number of citations opthdication. Why is the CPP/FCSm
score of research group A so much lower than theCERl score of this research
group? As can be seen in Table 5, the three puiolicaof research group A with the
highest normalized citation score were all publisie 1999, which is second-last
year of the analysis. These publications have gelaffect on the MNCS2 score of
research group ATheir effect on the CPP/FCSm score of researchpgfois much

® Notice in Table 5 that the publication with thglmést normalized citation score has just five icites.
The high normalized citation score of this publimatis due to the small expected humber of citation
of the publication. This illustrates that in thdoedation of the MNCS2 indicator a recent publioati
with a relatively small number of citations carealdy have a quite large effect.



smaller. This is because, as discussed earliezntguiblications have less weight in
the CPP/FCSm indicator than in the MNCS2 indicafbnis explains why the
CPP/FCSm score of research group A is much lowan tthe MNCS2 score.
Research groups B and C have more publicationsrdsaarch group A (respectively
42 and 165), but the explanation for the differebesveen the CPP/FCSm score and
the MNCS2 score is similar. Like research groupeSearch group B has a number of
recent publications with a high normalized citatsmore. Because of this, the MNCS2
score of research group B is much higher than tRB/ECSm score. Research group
C has two very highly cited publications in 199%ie first year of the analysis. These
publications have more weight in the CPP/FCSm &tdic than in the MNCS2
indicator, which explains the difference betweee GPP/FCSm score and the
MNCS2 score of research group C.

Table 5. Publication year, number of citations, eotpd number of citations, and
normalized citation score of the publications afa@ch group A.

Pub. year No of cit. Exp. no of cit. Norm. cit. 820
1994 6 6.97 0.86
1994 3 6.97 0.43
1995 0 7.39 0.00
1995 2 2.54 0.79
1995 5 7.39 0.68
1997 21 3.57 5.89
1997 1 4.42 0.23
1998 6 2.48 2.42
1998 6 2.48 2.42
1998 3 2.17 1.38
1999 16 1.52 10.55
1999 13 1.52 8.57
1999 5 0.45 11.03
1999 1 1.09 0.91
2000 0 0.21 0.00

We now turn to the research institutions data Set.this data set, we observe a
very strong relation between on the one hand thB/BPSm indicator and on the
other hand the MNCS1 indicator and the MNCS2 indicésee Figures 3 and 4). The
relation is approximately equally strong for botiNMIS variants. As can be seen in
Figure 3, there is one university for which the MBICscore (1.66) is much higher
than the CPP/FCSm score (1.06). It turns out thaR@08 this university, the
University of Géttingen, published an article thgtthe end of 2008 had already been
cited 3489 time§.Since this is a very recent article, it has muarenveight in the
MNCSL1 indicator than in the CPP/FCSm indicator.sTéxplains the very different
CPP/FCSm and MNCS1 scores of the university. Ndtieein the MNCS2 indicator
articles published in 2008 are not taken into abaisition. Because of this, there is no
substantial difference between the CPP/FCSm schf6) and the MNCS2 score
(1.10) of the university.

The results obtained for the countries data sesiangar to those obtained for the
research institutions data set. We again observerya strong relation between the
CPP/FCSm indicator and the two MNCS variants (3gaerés 5 and 6), and again the

® The extremely large number of citations of thisemtly published article was also discussed by
Dimitrov, Kaveri, and Bayry (2010), who pointed dbe enormous effect of this single article on the
impact factor ofActa Crystallographica Section, e journal in which the article was published.



relation is approximately equally strong for bothNBIS variants. A striking
observation is that there are almost no counteesvhich the MNCS1 and MNCS2
scores are lower than the CPP/FCSm score. We tlyrdamnot have an explanation
for this observation. In Table 6, we list the teghest-ranked countries according to
each of the three indicators that we study. Aslearseen, the three indicators yield
very similar results.

Table 6. The ten highest-ranked countries accortinfpe CPP/FCSm indicator, the
MNCSL1 indicator, and the MNCS2 indicator.

Rank Country CPP/FCSm Country MNCSH Country MNCS2
1 Switzerland 1.43 Switzerland 1.47 Switzerland 51.4
2 USA 1.38| USA 1.3 USA 1.38
3 Netherlands 1.34 Denmark 1.87 Netherlands 1.36
4 Denmark 1.31] Netherlands 1.87 Denmark 1.34
5 UK 1.27| UK 1.29] UK 1.27
6 Ireland 1.23 Sweden 1.24 Sweden 1.23
7 Canada 1.22 Belgium 1.22 Belgium 1.21
8 Belgium 1.21] Canada 1.21 Canada 1.21
9 Sweden 1.20 Ireland 1.20 Ireland 1.21
10 Norway 1.18 Norway 1.19 Norway 1.20

Finally, we turn to the journals data set. For rgdéamajority of the journals, we
observe a strong relation between the CPP/FCSroatatiand the MNCSL1 indicator
(see Figures 7 and 8)However, there are also a substantial number whgs for
which the MNCS1 score is much higher or much lothan the CPP/FCSm score.
Comparing the CPP/FCSm indicator with the MNCSZ2Zdatbr, we observe much
less journals with largely different scores (seguFés 9 and 10). Hence, the
CPP/FCSm indicator has a considerably strongetioalavith the MNCS2 indicator
than with the MNCS1 indicator. This is similar tcha we found for the research
groups data set. Notice that even when CPP/FCSrasaoe compared with MNCS2
scores, there are a number of journals for whidheralarge differences can be
observed. However, given that overall we have nmibien 8000 journals, these
journals constitute a small minority of exceptionase$.

5. Conclusions

We have presented an empirical comparison betwaem mormalization
mechanisms for citation-based indicators of resepssformance. One normalization
mechanism is implemented in the CPP/FCSm indicatbrch is the current crown
indicator of CWTS. The other normalization mechanis implemented in the MNCS
indicator, which is the new crown indicator that T®/is going to adopt. Our
empirical results indicate that at high aggregatemels, such as at the level of large

" In the case of journals, the CPP/FCSm indicatalss referred to as the JFIS indicator (e.g., Van
Leeuwen & Moed, 2002).

8 Comparing Figures 7 and 9, it can be seen thaptir@al with the highest CPP/FCSm score (17.68)
has extremely different MNCS1 and MNCS2 scoresp@etvely 32.28 and 2.14). The MNCS1 score
of the journal is much higher than the CPP/FCSmescahile the MNCS2 score is much lower. It
turns out that in 2008 the journ@dicta Crystallographica Section, Aublished an article that by the
end of 2008 had already been cited 3489 times. iBhthe same article mentioned earlier for the
University of Gottingen. This article has much marveight in the MNCSL1 indicator than in the
CPP/FCSm indicator. In the MNCS?2 indicator, thecketis not taken into consideration at all. This
explains the extremely different CPP/FCSm, MNCSit, INCS2 scores of the journal.



research institutions or at the level of countritise differences between the
CPP/FCSm indicator and the MNCS indicator are \sngll. At lower aggregation
levels, such as at the level of research groupsitothe level of journals, the
differences between the two indicators are somelanger.

We have also pointed out that recent publicatiomsdnspecial attention in the
calculation of the MNCS indicator. These publicaidhave low citation counts, and
because of this their long-run impact cannot belipted very well. Since the MNCS
indicator gives the same weight to recent publiceti as to older ones, recent
publications may introduce a significant amounhoise in this indicator. To alleviate
this problem, one may consider leaving out the nresent publications in the
calculation of the indicator. In our empirical aysat, we have examined the effect of
leaving out publications that have had less thas ywar to earn citations. At lower
aggregation levels, the effect turns out to beegsitbstantial. In particular, leaving
out the most recent publications in the calculabbthe MNCS indicator turns out to
lead to a stronger relation between the CPP/FC8inator and the MNCS indicator.
This suggests that differences between the CPP/F@8inator and the MNCS
indicator may be partly due to noise introducedha MNCS indicator by recent
publications.
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Figure 1. Relation between the CPP/FCSm indicatdrthe MNCS1 indicator for the
research groups data set.
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Figure 2. Relation between the CPP/FCSm indicatdrthe MNCS2 indicator for the
research groups data set.
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Figure 3. Relation between the CPP/FCSm indicatdrthe MNCS1 indicator for the
research institutions data set.
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Figure 4. Relation between the CPP/FCSm indicatdrthe MNCS2 indicator for the
research institutions data set.
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Figure 5. Relation between the CPP/FCSm indicatdrthe MNCS1 indicator for the

countries data set.
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Figure 6. Relation between the CPP/FCSm indicatdrthe MNCS2 indicator for the

countries data set.
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Figure 7. Relation between the CPP/FCSm indicatdrtbe MNCS1 indicator for the
journals data set.
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Figure 8. Relation between the CPP/FCSm indicatdrthe MNCS1 indicator for the
journals data set. Only journals with a CPP/FCSaresand an MNCS1 score below
2.5 are shown.
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Figure 9. Relation between the CPP/FCSm indicatdrthe MNCS2 indicator for the
journals data set.
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Figure 10. Relation between the CPP/FCSm indicamor the MNCS2 indicator for
the journals data set. Only journals with a CPPM#RCS®ore and an MNCS2 score
below 2.5 are shown.
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