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The Leiden Ranking 2011/2012 is a ranking of universities basedbibliometric indicators of
publication output, citation impact, and scientific collabiora The ranking includes 500 major
universities from 41 different countries. This paper pravide extensive discussion of the Leiden
Ranking 2011/2012. The ranking is compared with other globaktsity rankings, in particular the
Academic Ranking of World Universities (commonly known as thenghai Ranking) and the Times
Higher Education World University Rankings. Also, a dethidescription is offered of the data
collection methodology of the Leiden Ranking 2011/2012 and ofnttiieators used in the ranking.
Various innovations in the Leiden Ranking 2011/2012 are predenhese innovations include (1) an
indicator based on counting a university's highly cited malions, (2) indicators based on fractional
rather than full counting of collaborative publication3) the possibility of excluding non-English
language publications, and (4) the use of stability internFfglly, some comments are made on the
interpretation of the ranking, and a number of limitationthefranking are pointed out.

1. Introduction

The Leiden Ranking is a global university rankingséd exclusively on
bibliometric data. In this paper, we introduce 2@®11/2012 edition of the Leiden
Ranking. The paper provides a detailed discusdidimeodata collection methodology,
the indicators used in the ranking, and the inttgiion of the ranking. The Leiden
Ranking 2011/2012 is available on the website wesmdnranking.com

University rankings have quickly gained populariggpecially since the launch of
Academic Ranking of World Universities, also knoas the Shanghai Ranking, in
2003, and these rankings nowadays play a signtficale in university decision
making (Hazelkorn, 2007, 2008). The increased udsenoversity rankings has not
been hampered by the methodological problems tleae walready identified in an
early stage (e.g., Van Raan, 2005). There are namynrankings in which
universities are compared on one or more dimensbmiseir performance (Usher &
Savino, 2006). Many of these rankings have a nation regional focus, or they
consider only specific scientific disciplines. Taers a small group of global
university rankings (Aguillo, Bar-llan, Levene, &r®ga, 2010; Butler, 2010;
Rauhvargers, 2011). The Leiden Ranking belongsisogroup of rankings.

Global university rankings are used for a varietyparposes by different user
groups. Three ways of using university rankingsnse® be dominant. First,
governments, funding agencies, and the media usersity rankings as a source of
strategic information on the global competition agouniversities. Second,
university managers use university rankings as ketiag and decision support tool.
And third, students and their parents use univyeraitkings as a selection instrument.

An important methodological problem of the most coonly used global
university rankings is their combination of mulgpldimensions of university




performance in a single aggregate indicator. Thi#sensions, which often relate to

very different aspects of university performanceg.(escientific performance and

teaching performance), are combined in a quitdraryifashion. This prevents a clear
interpretation of the aggregate indicator. A secaldted problem has to do with the
fact that different universities may have quitdetint missions. Two universities that
each have an excellent performance on the dimeribainis most relevant to their

mission may end up at very different positions namking if the different dimensions

are weighted differently in the aggregate indicafidiese methodological problems
can partly be solved by providing separate scoreshe various dimensions and
refraining from aggregating these scores in a simgimber. A third problem is more

practical. Some rankings rely heavily on data seppby the universities themselves,
for instance data on staff numbers or student/sttibs. This dependence on the
universities makes these rankings vulnerable toipodation. Also, because of the

lack of internationally standardized definitionisisi often unclear to what extent data
obtained from universities can be used to makealva@mparisons across universities
or countries.

A solution to these fundamental methodological feois is to restrict a ranking
to a single dimension of university performancet ten be measured in an accurate
and reliable way. This is the solution that thedesi Ranking offers. The Leiden
Ranking does not attempt to measure all relevambedsions of university
performance. Instead, the ranking restricts itdelfthe dimension of scientific
performance. Other dimensions of university periamge, in particular the dimension
of teaching performance, are not considered. ThdebeRanking includes 500 major
universities worldwide and is based on bibliomettata from the Web of Science
database. No data is employed that has been sdgdplithe universities themselves.
A sophisticated procedure for assigning publicaitmuniversities is used to further
improve the quality of the bibliometric data.

The first edition of the Leiden Ranking was prodiige 2007. In this paper, we
discuss the 2011/2012 edition of the Leiden RankKirgs edition was published in
December 2011 on www.leidenranking.co@ompared with earlier editions of the
Leiden Ranking, the 2011/2012 edition offers a nembf innovations. These
innovations address some of the shortcomings dieeaditions of the ranking and
also of other university rankings. Below, we sumaerthe most important
innovations:

* The PRy 10%indicator has been added to the Leiden Rankingaaoed with
other citation impact indicators, an important atege of the PR 10%
indicator is its insensitivity to extremely hightyted publications.

* The fractional counting method has been addedédoLthden Ranking. We
argue that, compared with the more traditional ftdlunting method, the
fractional counting method leads to more accuraieparisons between
universities.

* The possibility of excluding non-English languagebiications has been
added to the Leiden Ranking. These publications ntsadvantage
universities from, for instance, France and Germany

« Stability intervals have been added to the Leidankihg. A stability interval
provides insight into the sensitivity of an indigatto changes in the
underlying set of publications.

The above innovations are discussed in more datail on in this paper.

The rest of the paper is organized as follows. i®ec2 compares the Leiden

Ranking with other global university rankings. $ewes 3 and 4 describe the data




collection methodology of the Leiden Ranking and itdicators that are used in the
ranking. Section 4 also discusses the innovatidre@ have been made in the
2011/2012 edition of the ranking. Section 5 comme the interpretation of the
Leiden Ranking. Special attention is paid to timeithtions that should be taken into
account. Section 6 concludes the paper and dissussefuture plans for the Leiden
Ranking.

2. Comparison with other university rankings

Before discussing the Leiden Ranking in more detal compare the basic design
of the ranking with the two most commonly used globniversity rankings: The
Academic Ranking of World Universities and Timesgh#r Education World
University Rankings. We also make a comparison Wit Scimago Institutions
Rankings. Like the Leiden Ranking, this is a bitletrics-based ranking that focuses
exclusively on scientific performance.

2.1. Academic Ranking of World Universities

The Academic Ranking of World Universities (ARWU;ww.arwu.org,
commonly known as the Shanghai ranking, was fiedtliphed in 2003 by Shanghai
Jiao Tong University (Liu & Cheng, 2005). Nowadatf® ranking is published by a
company named ShanghaiRanking Consultancy. The AR&Wing combines four
criteria: Quality of education, quality of facultyesearch output, and per capita
performance. These criteria are measured usinfpllosving six indicators:

1. Alumni of a university winning a Nobel Prize or eelds Medal.

2. Staff of a university winning a Nobel Prize or &lBs Medal. (Staff must be

affiliated with the university at the time the m@iwas awarded.)

3. Highly cited researchers in 21 broad scientifitdfse

4. Publications ifNatureandScience

5. Publications indexed in Web of Science (or morecgpally, in the Science
Citation Index Expanded and the Social SciencestiGit Index).

6. Per capita academic performance of a universitiie (&bove five indicators
normalized for a university’s number of academadfst

The methodology of the ARWU ranking has been widalicized. An early
critical paper on the ARWU ranking was written byarV/ Raan (2005a; see Liu,
Cheng, & Liu, 2005 and Van Raan, 2005b for the ergsdiscussion). Other criticism
was given by Billaut, Bouyssou, and Vincke (201Dghon, McCathie, and Verardi
(2010), Florian (2007), loannidis et al. (2007),is8aa, d’'Hombres, and Saltelli
(2011), and Zzitt and Filliatreau (2007). Examplé<aticism on the ARWU ranking
include the following issues:

* The weights of the six indicators are arbitrary.

* The indicators based on Nobel Prizes and Fieldsalderkflect past rather

than current performance and disadvantage recestiplished universities.

* Looking only at Nobel Prizes and Fields Medals disatages fields that do
not have these prizes.

» Linking Nobel Prize and Fields Medal winners tovanmsities is problematic
(Enserink, 2007).

» Looking only atNature and Scienceas top journals favors some fields over
others and does not take into account other higflityupublication venues
available in many fields.

» The per capita performance indicator depends dh rstiznbers that may not
be comparable across universities or countries.



 The ARWU ranking mainly reflects the size of a wsity (“Big is (made)
beautiful”; Zitt & Filliatreau, 2007).

There are a number of fundamental differences letvike ARWU ranking and
the Leiden Ranking. First, the Leiden Ranking deeiscombine multiple dimensions
of university performance in a single aggregatecitwr. Instead, the Leiden Ranking
focuses exclusively on the dimension of scientife@formance. Second, the Leiden
Ranking uses indicators that have been normaliaedidld differences. Because of
this, the Leiden Ranking does not suffer from lksase favor of particular fields.
Third, unlike the Nobel Prize indicators used ir tARWU ranking, the citation
impact indicators used in the Leiden Ranking argeteon recent data and therefore
reflect the current rather than the past perforraaria university. Finally, fourth, the
Leiden Ranking does not rely on data supplied byuhiversities themselves, such as
data on staff numbers.

2.2. TimesHigher Education World University Rankings

A second well-known global university ranking i tfiimes Higher Education
World University Rankings (Baty, 2011; www.timesheyeducation.co.uk/world-
university-rankingg/ We refer to this ranking simply as the THE rangki An
important element of the THE ranking is a largelsaaputational survey. In the
2011/2012 edition of the THE ranking, about 17,586ademics worldwide
participated in this survey. The THE ranking conaésimo less than 13 indicators,
categorized into five areas: Teaching, researctgtiens, industry income, and
international outlook. Much of the data on whicle fiHE ranking is based has been
supplied by the universities themselves. Bibliomsettata is taken from Web of
Science. The THE ranking includes a citation impadicator that normalizes for
differences in citation behavior between scientifields. However, the exact
normalization procedure is not documented. Two roihdicators, the number of
PhDs awarded and the amount of research income,jiratkide a normalization for
field differences. Again, the exact normalizatiorogedure is not clear, but data
obtained from the universities seems to play aialucle in the normalizations.

Like the ARWU ranking, the THE ranking suffers frahe problem of combining
multiple dimensions of university performance insangle aggregate indicator.
Another problem of the THE ranking is its heavy elegence on data supplied by
universities. It is unclear to what extent thisadais been properly standardized and
to what extent it may have been manipulated byarsities. The dependence on data
obtained from universities poses a clear thre#heovalidity of the THE ranking. The
THE ranking stands out because of its reputatisnaley. The producers of the THE
ranking consider this survey as one of the maiengths of their ranking. However,
the survey has important weaknesses. Most académdsg the inner workings and
the real quality of only a few universities. Thampression of the vast majority of
universities is based mainly on the public imadgethese universities and on hearsay.
Rankings themselves are an important feeder oétpablic images. Hence, rankings
such as THE may create a positive feedback loophich well-known universities
have a strong head start compared with lesser-knowwersities. In addition to the
above issues, various other aspects of the THEmgrlave been criticized as well.
We refer to Bookstein, Seidler, Fieder, and Winck2010), loannidis et al. (2007),
and Saisana et al. (2011) for some critical petsgecon the THE ranking.

The Leiden Ranking differs from the THE rankingit& exclusive focus on the
scientific performance of universities. Moreoven)ike the THE ranking, the Leiden
Ranking does not rely on questionable survey dataro data supplied by the




universities themselves. There also seem to beidsmable differences between the
citation impact indicators used in the two rankinggowever, because of the
incomplete documentation of the THE ranking, thaotxlifferences are not clear.

2.3. Scimago I nstitutions Rankings

Another global ranking, referred to as the Scimbugtitutions Rankings (SIR), is
produced by the Scimago research group in SpainMaeimagoir.co In addition
to universities, the SIR ranking also includes othges of research institutions.
Compared with the ARWU and THE rankings, the SIRknag is more similar to the
Leiden Ranking. Both the SIR ranking and the Lei@®amnking rely exclusively on
bibliometric data, and both rankings focus on theergific performance of
institutions. Other performance dimensions aretakén into account. Despite these
similarities, there are also a number of substhnti@thodological differences
between the SIR ranking and the Leiden Ranking. Sk ranking is based on the
Scopus database, while the Leiden Ranking uses aV&ztience. Because Scopus
and Web of Science employ different classificatiofisscientific fields, this means
that the two rankings have different ways of noimiad) for field differences.
Another difference is that the SIR ranking includesmuch larger number of
institutions than the Leiden Ranking (over 30005%@0) and does not limit itself to
universities. Unfortunately, the procedure usedhe SIR ranking to identify the
publications of an institution has not been docue@nn detail. There are also
differences between the two rankings in the typepublications that are included
and the indicators that are provided. Unlike th& $&nking, the Leiden Ranking
excludes arts and humanities publications, considely a limited number of
document types (i.earticles letters andreviewg, and by default does not take into
account non-English language publications. Furtleeemthe Leiden Ranking offers
both indicators calculated using the full countmgthod and indicators calculated
using the fractional counting method (see Subseei8). In general, we consider the
fractional counting method preferable over the @dunting method used in the SIR
ranking. Also, the Leiden Ranking offers advancestatice-based collaboration
indicators (see Subsection 4.2). The SIR ranking, tloe other hand, provides
indicators based on the journals in which an instih has published and indicators of
the degree of specialization of an institution.

2.4. Other rankings

We have compared the Leiden Ranking with three rotjlebal university
rankings: The ARWU ranking, the THE ranking, ané ®IR ranking. There are a
number of global university rankings that we hawé covered in our comparison. A
well-known one is the QS World University Rankings
(www.topuniversities.com/university-rankings/woudiversity-rankings/ The
design of this ranking is fairly similar to the TH&nking. Another ranking that we
have not covered is the Webometric Ranking of Wahhiversities (Aguillo, Ortega,
& Fernandez, 2008; www.webometrics.infdhe special feature of this ranking is
that it is entirely based on webometric indicatk& refer to Rauhvargers (2011) for
a discussion of some other global university rag&in

3. Data collection

In this section, we discuss the data collectionha@blogy of the Leiden Ranking.
As already mentioned, the Leiden Ranking limitelitdo universities only. Other
types of research institutions are not considef@dta on the publications of



universities was collected from Thomson ReutersbVdé Science (WoS) database.
We only considered publications of the documenésgsticle, letter, andreviewthat
were published between 2005 and 2009. Also, we iocluded publications from the
sciences and the social sciences. Publications with arts and humanities
classification in WoS were excluded. Our focus wasuniversities with at least 500
publications in each of the five years. Changeshm organizational structure of
universities were taken into consideration up t020Mergers, split-ups, and other
changes that took place after 2009 may not have taéen into account. Publications
were assigned to universities on the basis ofrikgtitional affiliations of authors as
mentioned in the address list. The procedure feigasg publications to universities
consists of two rounds, which are discussed belge .note that for most universities
the results of the data collection have not beeifi@@ by the university itself.

In the first round of the publication assignmengadure, publications with the
name of a university mentioned explicitly in thedesks list were identified. Name
variants and abbreviations were taken into accasntvell. For instanceRuprecht
Karls Universityis a name variant ofeidelberg University TUM of Technische
Universitat MinchepandUniversité Paris 0&®f University Pierre and Marie Curie
In addition, important university institutes thaeanentioned in the address list of a
publication without mentioning the name of the @msity to which they belong were
assigned to the correct university. Examples inelddational Environmental
Research Institute of Denmark (NERAhich was assigned #arhus Universityand
Niels Bohr Institute which was assigned tdniversity of Copenhagern the first
round of the publication assignment procedurepathe variants occurring at least
five times were taken into account.

A key challenge in identifying the publicationsatiniversity is the way in which
publications originating from academic hospitalse anandled. Many medical
researchers are employed by a university but dgtwadrk in an academic hospital.
These researchers do not always mention their rsgiiye affiliation in their
publications. They sometimes provide only theirtachdetails at the hospital. As a
consequence, the publications of these researoteranot be correctly assigned to a
university. At the same time, the relationship lesw universities and academic
hospitals differs widely from one national acadesystem to another. In some cases,
academic hospitals are an integral part of a usityerIn other cases, they are
autonomous organizations that may collaborate witle or more universities in
varying degrees and modalities. In order to prevemth differences between
academic systems from having too much effect cgri@tional comparisons, there is
a second round of assigning publications to unitiess

In this secondround, some of the publications from academic hakpiwere
assigned to universities. This was done on thesbasian author analysis. A
publication from an academic hospital was assigiwed university if one or more
authors of the publication exhibit a strong collatimn link with the university (even
though the name of the university is not explicitigntioned in the publication). An
author is considered to have a strong collabordiidnwith a university if the name
of the university is mentioned in at least haltld author’s publications. As a result,
for instance, some of the publications with theraddAddenbrookes Hospitalere
assigned tdJniversity of CambridgeAlso, some of the publications with the address
Hospital La Pitié Salpétriérevere assigned tBaris Descartes Universityvhile other
publications with the same address were assignddnteersity Pierre and Marie
Curie.

In addition to academic hospitals, there are sointerospecial cases in the



delineation of universities. The colleges congtiytUniversity of London(e.g.,
University College Londgnwere treated as separate universities. Splittipg
University of Londonwas done on the basis of the department fieldhen \WoS
database. Other organizations similar Wmiversity of London(e.g., National
University of Irelangl were treated in the same way. Some publicatioodyzed by
University of Londonand other similar organizations do not provideoinfation
about the particular college or university to whittey belong. These publications
were assigned to universities on the basis of #maanalysis, in much the same way
as publications from academic hospitals were aesliga universities. In the case of
the university systems in the US, the constituemvarsities (e.g.University of
California, Los Angelesind University of Texas at Aus)inwere treated as separate
universities.

Since in general the publication assignment proeedtithe Leiden Ranking did
not take into account name variants occurring fettem five times, and since
especially the second round of the procedure iablitinvolved some inaccuracies,
the assignment of publications to universitiesagainly not free of errors. There are
two types of errors. The first one (‘false posigyeconsists of publications that were
assigned to a particular university while in fawtyt do not belong to this university.
The second type of error (‘false negatives’) cass® publications that were not
assigned to a particular university while in fdutyt do belong to this university. We
expect there to be more errors of the second tgpa of this first type, but we
estimate that universities generally do not haveentban 5% errors of the second
type.

Ultimately, only the 500 universities with the lasg WoS publication output were
included in the Leiden Ranking. The publicationpuitof these universities ranges
from about 3,200 to 61,600 publications in the @@&r2005-2009. The average
publication output of the universities is about (@0publications, and the median
publication output is 6,900 publications. Togethibg universities have produced 3.4
million publications in the period 2005-2009. Thes61.3% of all WoS publications
in this period. The 500 universities included ie tteiden Ranking are located in 41
different countries. Table 1 lists all countriesttwiat least five Leiden Ranking
universities.

Table 1. Countries with at least five Leiden Ragkimiversities.

Country No. univ. Country No. univ.
United States 127 Sweden 10
Germany 39 Taiwan 9
United Kingdom 36 Brazil 8
China 31 Belgium 7
Italy 25 Switzerland 7
Japan 24 Portugal 6
Canada 21 Finland 6
France 20 Greece 6
South Korea 18 Israel 6
Spain 16 Turkey 6
Australia 14 Austria 5
Netherlands 12

Compared with earlier editions of the Leiden Ragkithe Leiden Ranking
2011/2012 has a more comprehensive coverage ofensittes from particular
countries, especially from China and South Korede Thumber of Chinese



universities has increased from 18 in the Leidenkiey 2010 to 31 in the Leiden
Ranking 2011/2012. The number of South Korean usities has increased from 8 to
18. Australia, Brazil, India, and Taiwan each havdeast three more universities in
the Leiden Ranking 2011/2012 than in the Leidenkiten2010.

4. Indicators

The Leiden Ranking provides three types of indicattndicators of publication
output, indicators of citation impact, and indiagatoof scientific collaboration.
Publication output is measured using thember of publicationgP) indicator. This
indicator is calculated by counting the total numbe publications of a university.
Publications that have the document typ#er in WoS do not count as a full
publication but count as one fourth of a publicafidrhe indicators used to measure
impact and collaboration are discussed in Subgsectadl and 4.2.

The Leiden Ranking supports two counting methoddl: dounting and fractional
counting. These methods differ in the way in wheadilaborative publications are
handled. The methods are discussed in detail iseétion 4.3. The Leiden Ranking
also offers the possibility of excluding non-Englienguage publications from the
calculation of the indicators. This possibilitydscussed in Subsection 4.4. Another
feature of the Leiden Ranking is the possibilitycmmplement indicators with so-
called stability intervals. This feature is diseb$ Subsection 4.5.

Unless stated otherwise, the empirical results rtedoin this section were
obtained using the fractional counting method base&nglish-language publications
only. We also note that all results of the LeideanKng are available in an Excel file
that can be downloaded from www.leidenranking.com

4.1. Impact indicators

The Leiden Ranking includes three indicators ofdit@tion impact of the work of
a university:

« Mean citation score(MCS). The average number of citations of the
publications of a university.

* Mean normalized citation scoi®INCS). The average number of citations of
the publications of a university, normalized foffeliences between scientific
fields (i.e., WoS subject categories), differenbesween publication years,
and differences between document types @eicle, letter, andreview). An
MNCS value of one can be interpreted as the worbdtaaye (or more properly,
the average of all WoS publications). Consequentha university has an
MNCS value of two, this for instance means that fhublications of the
university have been cited twice above world averafye refer to Waltman,
Van Eck, Van Leeuwen, Visser, and Van Raan (20bt)af more detailed
discussion of the MNCS indicator.

* Proportion top 10% publications(PRo1099. The proportion of the
publications of a university that, compared wittheat similar publications,
belong to the top 10% most frequently cited (TijsSéisser, & Van Leeuwen,
2002). Publications are considered similar if thsre published in the same
field and the same publication year and if theyehthe same document type.
We note that an indicator similar to our ko indicator was recently

! Counting letters as one fourth of an ordinary publicatios.,(ian article or a review) of course
involves some arbitrariness. We have chosen to use a wei@t#Sofor letters because in WoS a letter
on average receives roughly one fourth of the citations ofdinasy publication.



introduced in the Scimago Institutions Rankings r(Beann, De Moya-
Anegon, & Leydesdorff, in press).
In the calculation of the above indicators, citatiare counted until the end of 2010.
Author self citations are excluded from all caltidas? Publications of the document
typeletter are weighted as one fourth of a full publicatfon.
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Figure 1. Scatter plot of the relation between MW€S indicator and the MNCS
indicator for the 500 Leiden Ranking universities: (0.84).

Figure 1 provides a scatter plot of the relatiotween the MCS indicator and the
MNCS indicator for the 500 Leiden Ranking univeesit The two indicators are
clearly correlated with each other, but their rielais not very strong. This shows that
the normalization performed by the MNCS indicataes la quite significant effect on
the way in which citation impact is assessed. Agxample, considévlassachusetts
Institute of TechnologgndUniversity of Massachusetts Medical Sch@#dsed on the
MCS indicator, these universities are ranked 3idi 4th in the Leiden Ranking, with
values of 14.46 and 14.37, respectively. HoweJee, tivo universities have quite
different scientific profiles.University of Massachusetts Medical Schdotuses
strongly on medical research, whildassachusetts Institute of Technolagymore
broadly oriented, with an emphasis on natural sgerand engineering research. The
fields in whichMassachusetts Institute of Technolagpctive generally have a lower
citation density than the fields in whidiniversity of Massachusetts Medical School
publishes most of its research. Because of thix) ¢évough the two universities have

2 A citation is regarded as an author self citation if fiegcand the cited publication have at least one
author name (i.e., last name and initials) in commonta&eed the effect of excluding self citations on
the MNCS and PR, 1o%indicators. For most universities, the effect turnstoute negligible. There is

a small set of universities for which the effect isrensubstantial. These are mainly universities from
continental Europe, especially from Germany. For theséversities, excluding self citations
considerably decreases the MNCS angdRR,indicators.

% The 2011/2012 edition of the Leiden Ranking uses differenadgtripdicators than earlier editions of
the ranking. The MCS and MNCS indicators in the 2011/2012 editerc@nparable with the CPP
and CPP/FCSm indicators in earlier editions of the rankiig.refer to Waltman et al. (2011) for a
discussion of the difference between the MNCS indicator badCPP/FCSm indicator. In earlier
editions of the Leiden Ranking, no indicator similar to tRgRoyindicator was used.



similar MCS values, the impact of the workMéssachusetts Institute of Technology
should be assessed considerably higher than thacingb the work ofUniversity of
Massachusetts Medical Scho®his is indeed reflected by the MNCS indicataneT
MNCS indicator equals 2.17 fdlassachusetts Institute of Technoldggnked 1st),
while it equals 1.40 fodniversity of Massachusetts Medical Sch@ahked 50th).

Figure 2 shows a scatter plot of the relation betw#he MNCS indicator and the
PRop 10%indicator for the 500 Leiden Ranking universiti&égere is a strong, more or
less linear relation between the two indicatorsweleer, there is one university for
which the indicators deviate strongly from thisate@n. This is University of
Gottingen This university is ranked 2nd based on the MN@&cator, while it is
ranked 238th based on the R indicator. The MNCS indicator fdgniversity of
Gottingenturns out to have been strongly influenced byralsi extremely highly
cited publication. This publication (Sheldrick, B)0vas published in January 2008
and had been cited over 16,000 times by the en@04D. Without this single
publication, the MNCS indicator fddniversity of Géttingerwould have been equal
to 1.09 instead of 2.04, andhiversity of Gottingerwould have been ranked 219th
instead of 2nd. Unlike the MNCS indicator, thesfR«indicator is hardly influenced
by a single very highly cited publication. Thishecause the R 10%indicator only
takes into account whether a publication belongthéotop 10% of its field or not.
The indicator is insensitive to the exact numbegitaitions of a publication. This is an
important difference with the MNCS indicator, ahéstdifference explains why in the
case ofUniversity of Gottingerthe MNCS indicator and the BPio%indicator yield
very different results. In our view, the sensifvif the MNCS indicator to a single
very highly cited publication is an undesirable gedy. We therefore regard the
PRop 10%indicator as the most important impact indicatothie Leiden Ranking.
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Figure 2. Scatter plot of the relation between M¢CS indicator and the R 10%
indicator for the 500 Leiden Ranking universities: (0.98).

The PRy 10%indicator may be criticized because focusing estekly on top 10%
publications is somewhat arbitrary. For instancly wot use top 5% or top 20%
publications? Figure 3 shows that at the levelrobersities the exact threshold that is
used is not really important. The &R+ and PRy 200 indicators yield very similar

10



results as the Rf3 1o%indicator.
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Figure 3. Scatter plot of the relation between B, 100 indicator and the R{ s
indicator (top panel = 0.99) and the relation between the.PRyindicator and the
PRop 20%indicator (bottom panet; = 0.99) for the 500 Leiden Ranking universities.

4.2. Collaboration indicators

The Leiden Ranking includes four indicators of degree to which a university is

involved in scientific collaborations with othergamizations:

» Proportion collaborative publications(PRoian). The proportion of the
publications of a university that have been co-angt with one or more other
organizations.

» Proportion international collaborative publications(PRqtcoian). The
proportion of the publications of a university thwve been co-authored by
two or more countries.
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* Mean geographical collaboration distancgfMGCD). The average
geographical collaboration distance of the puhlicet of a university. The
geographical collaboration distance of a publicai® defined as the largest
geographical distance between two addresses medtionthe publication’s
address list. If a publication’s address list cordaonly one address, the
geographical collaboration distance of the publicaequals zero. We refer to
Tijssen, Waltman, and Van Eck (2011) and Waltmajgs&n, and Van Eck
(2011) for a more detailed discussion of the MGQMigator, including a
discussion of the geocoding procedure that was useddentify the
geo%raphical coordinates of the addresses mentionpdblications’ address
lists.

* Proportion long distance collaborative publicationPRio00kn. The
proportion of the publications of a university thahve a geographical
collaboration distance of more than 1000 km.

Like in the impact indicators discussed in Subsectd.1l, publications of the
document typdetter are weighted as one fourth of a full publicationtihe above
indicators.

Table 2 reports the Pearson correlations betweenabiove four collaboration
indicators. The correlations were calculated basethe indicator values of the 500
Leiden Ranking universities. As can be seen indbé, the correlations between the
PP.oiab and PRt coiap indicators on the one hand and the MGCD and:f38m
indicators on the other hand are all very low. Tlerelations between the BR»
indicator and the BRRcoan indicator and between the MGCD indicator and the
PR.1000 km indicator are somewhat higher, but still not veigh. This indicates that
each of the four indicators measures a differgm¢etsof scientific collaboration.

Table 2. Pearson correlations between the foualsoithtion indicators included in the
Leiden Ranking.

PRuoliab PRt collab MGCD PR1000 km

PPoliab 1.00 0.55 0.14 0.12
PRt collab 0.55 1.00 0.25 0.17
MGCD 0.14 0.25 1.00 0.74
PP.1000 km 0.12 0.17 0.74 1.00

There are two distance-based collaboration indisatbhe MGCD indicator and
the PR1o00 kmindicator. To illustrate how these two indicatomnplement each other,
Figure 4 shows a scatter plot of the relation betwthe indicators for the 500 Leiden
Ranking universities. A more or less linear relatman be observed, but there are
approximately 30 universities for which the indmat do not follow this linear
relation. For these universities, the MGCD valueeistively high compared with the
PR.1000 km Value. With one exception (i.eLondon School of Hygiene & Tropical
Medicing, the 30 universities all turn out to have geobreglly quite peripheral
locations. The universities are located in ArgeatiAustralia, Chile, New Zealand,
Singapore, South Africa, Thailand, and in Honoluawaii. This illustrates how the

* We note that there are some small inaccuracigbedrcalculation of the MGCD indicator. This is
because for some of the addresses mentioned in publicatiddeess lists we do not have the
geographical coordinates. In the case of the Leiden Rankimversities, about 2.3% of the
publications have at least one address without geographmeddinates. Addresses without
geographical coordinates are ignored in the calculatioheoMGCD indicator.
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combination of the MGCD indicator and the >R xm indicator reveals the special
collaboration characteristics of universities imipleeral locations.

50%
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Figure 4. Scatter plot of the relation betweenM@CD indicator and the RRyoo km
indicator for the 500 Leiden Ranking universities:(0.74).

4.3. Counting method

The Leiden Ranking supports two counting methodd: ¢ounting and fractional
counting. In the calculation of the indicators, fis counting method gives equal
weight to all publications of a university (excdpt publications of the document
type letter). The fractional counting method gives less weigit collaborative
publications than to non-collaborative ones. Fatance, if the address list of a
publication contains five addresses and two ofdleddresses belong to a particular
university, then the publication has a weight &f . the calculation of the indicators
for this university. Using the fractional countingethod, a publication is fully
assigned to a university only if all addresses maetl in the publication’s address
list belong to the university.

For the purpose of making comparisons between tsities, we consider the
fractional counting method preferable over the éallinting method. This is based on
the following argument. If for each publication WoS we calculate the MNCS
indicator, the average of all these publicatioreldMNCS values will be equal to one.
We want a similar property to hold at the levebajanizations. If each publication in
WoS belongs to one or more organizations and iefarh organization we calculate
the MNCS indicator, we want the average (weightgdpbblication output) of all
these organization-level MNCS values to be equalrte. If this property holds, the
value one can serve as a benchmark not only dvweéof publications but also at the
level of organizations. This would for instance mehat an organization with an
MNCS indicator of two can be said to perform twalgove average in comparison
with other organizations. Using the full countingetimod, however, the above
property does not hold. This is because publicatidrelonging to multiple
organizations are fully counted multiple times, @ror each organization to which
they belong. This double counting of publicationsuses the average of the
organization-level MNCS values to deviate from obsing the fractional counting
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method, on the other hand, it can be shown thatath@ve property does hold.
Therefore, if the fractional counting method is disthe value one can serve as a
proper benchmark at the organization level. Thigus main argument for preferring
the fractional counting method over the full congtimethod. We note that the
argument is not restricted to the MNCS indicatdre Brgument also applies to other
indicators, such as the B osindicator.

In practice, the full counting method causes therage of the organization-level
MNCS values to be greater than one. Similarly, auses the average of the
organization-level PR, 100 values to be greater than 10%. This is due to a
combination of two mechanisms. First, collaboratigablications are counted
multiple times in the full counting method, and sed, collaborative publications
tend to be cited more frequently than non-collatreegpublications. The combination
of these two mechanisms is responsible for thecetfet at the level of organizations
MNCS and PB; 10% Values on average are greater than, respectioay,and 10%.
Importantly, there are substantial differences letwscientific fields in the strength
of this effect. For instance, the effect is versosgy in clinical medicine and quite
weak in chemistry, engineering, and matheméti@ecause of these differences
between fields, the full counting method may besdered biased in favor of some
organizations over others. Organizations activeniyan clinical medicine research
for instance have an advantage over organizatmssfng on engineering research.
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Figure 5. Scatter plot of the relation betweenftllecounting PRy, 109 indicator and
the fractional counting R 10%indicator for the 500 Leiden Ranking universit{es
0.97).

® A similar argument in favor of the fractional countingtirod is given in a recent paper by Aksnes,
Schneider, and Gunnarsson (2012), in which the full countingpadeand the fractional counting
method are compared at the level of countries. We tef@auffriau, Larsen, Maye, Roulin-Perriard,
and Von Ins (2008) for an overview of the literature oantimg methods.

® This statement is based on the following analysis. diferent scientific fields, we calculated the
average number of citations per publication. Both agited and an unweighted average were
calculated. In the case of the weighted average, eaclicatidrh was weighted by the number of
addresses in the address list. The ratio of the weighted hendinweighted average provides an
indication of the size of the ‘full counting bonus’. A mtdf approximately 1.35 was obtained for
clinical medicine. Ratios below 1.10 were obtained fomuk®y, engineering, and mathematics.
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Figure 5 shows a scatter plot of the relation betwéhe PR 100 indicator
calculated using the full counting method and tRgpRo indicator calculated using
the fractional counting method. For almost all emsities, the PFR) 100 indicator
calculated using the full counting method has ahéigvalue than the RB10%
indicator calculated using the fractional countmgthod. This is a consequence of
the ‘full counting bonus’ discussed above. The allerorrelation between the full
counting method and the fractional counting methods out to be highr (= 0.97),
but as can be seen in Figure 5, at the level abiehaal universities the difference
between the two counting methods can be quitefgigni. Tables 3 and 4 list the ten
universities that, based on the. Bk indicator, benefit most from either the full or
the fractional counting method. In line with theoge discussion, the universities
benefiting from the full counting method almost blve a clear medical profile.
(Exceptions ardJniversity of Nantesand University of Hawaii, Minoa) The other
way around, the universities benefiting from trecfional counting method all have a
strong focus on engineering research and on theralasciences. Most of these
universities are located in Asia.

Table 3. The ten universities that, based on thg, RF indicator, benefit most from
the full counting method.

University Country

PPRop 10%indicator

Full counting Fractional counting
Lille 2 University of Health and Law  France 15.6% 9.9%
Wake Forest University United States 16.8% 12.0%
Hannover Medical School Germany 14.1% 10.0%
University of Nantes France 13.5% 9.4%
Unl\_/er_s.lty of Alabama at United States 14.9% 11.0%
Birmingham
University of Colorado Denver United States 17.2% 13.4%
Medical College of Wisconsin United States 14.2% 10.4%
Mount Sinai School of Medicine United States 19.2% 15.4%
Saint Louis University United States 14.2% 10.4%
University of Hawaii, Minoa United States 15.5% 11.9%

Table 4. The ten universities that, based on thg, RF indicator, benefit most from
the fractional counting method.

PPRop 10%indicator

University Country

Full counting Fractional counting
Nankai University China 12.7% 13.4%
Rice University United States 21.7% 22.2%
Pohang University of Science and o o
Technology South Korea 13.7% 14.1%
Indian Institute of Technology India 8.7% 9.0%
Kharagpur
National Chung Hsing University Taiwan 9.2% 9.4%
Lanzhou University China 11.8% 11.9%
Indian Institute of Technology India 8.7% 8.8%
Madras
Sichuan University China 7.0% 7.1%
Rensselaer Polytechnic Institute United States 17.3% 17.4%
Nanjing University China 10.7% 10.7%
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4.4. Non-English language publications

About 2.1% of the publications of the Leiden Raigkimiversities have not been
written in English. Of these non-English languageligzations, most have been
written in German (31%), Chinese (17%), French (L7%panish (13%), or
Portuguese (10%). Comparing the impact of non-Bhdlnguage publications with
the impact of publications written in English maptnbe considered fair (Van
Leeuwen, Moed, Tijssen, Visser, & Van Raan, 200&n\Raan, Van Leeuwen, &
Visser, 2011a, 2011b). Non-English language putitina can be read only by a
small part of the scientific community, and therefdhese publications cannot be
expected to receive similar numbers of citationpwdications written in English. To
deal with this issue, the Leiden Ranking offers tiussibility of excluding non-
English language publications from the calculatbthe indicators.

Figure 6 shows a scatter plot of the relation betwthe PR, 104 indicator based
on all publications and the Bfiosindicator based on English-language publications
only. The overall correlation is very higm € 0.99), and for most universities
including or excluding non-English language puliimas makes hardly any
difference. Nevertheless, there are a number oVeusities that benefit quite
significantly from excluding non-English languagabfications. These are mostly
French and German universities, but also some 2dima and other countries. Table
5 lists the ten universities that, based on thg,Rd, indicator, benefit most from
excluding non-English language publications. Weréd Van Raan et al. (2011a) for
additional empirical results on the effect of exithg non-English language
publications.
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Figure 6. Scatter plot of the relation between B, 109 indicator based on all

publications and the RR 10y indicator based on English-language publicationly o
for the 500 Leiden Ranking universities{0.99).
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Table 5. The ten universities that, based on the, RR indicator, benefit most from
excluding non-English language publications.

PPRop 10 indicator

University Country All publications English pub. only
Lille 2 University of Health and Law  France 6.9% 9.9%
Université Bordeaux Segalen France 10.2% 12.5%
Montpellier 1 University France 8.7% 10.7%
Paris Descartes University France 9.9% 11.9%
Umvers@e de la Méditerranée - Aix- France 8.4% 10.0%
Marseille Il
University of Nice Sophia Antipolis France 10.6% 12.1%
Lud\(ylg—MaX|m|I|ans-Un|verS|tat Germany 12.5% 13.8%
Munchen
P()grt]lifl|ecal Catholic University of Chile 5.50 6.7%
Hannover Medical School Germany 8.8% 10.0%
University of Ulm Germany 9.9% 11.1%

4.5, Stability intervals

The stability of an indicator relates to the sawisyt of the indicator to changes in
the underlying set of publications. An indicatorsha low stability if it is highly
sensitive to changes in the set of publicationstbaen which it is calculated. An
indicator has a high stability if it is relativelpsensitive to such changes. For
instance, if a university has one or a few veryhhiccited publications and a large
number of lowly cited publications, the MNCS indimafor this university will be
relatively unstable. This is because the valugnefMINCS indicator depends strongly
on whether the university’s highly cited publicatsoare included in the calculation of
the indicator or not. A university whose publicasoall have similar citation scores
will have a very stable MNCS indicator. In genertile larger the number of
publications of a university, the more stable tmelidgators calculated for the
university.

To provide some insight into the stability of indliors, the Leiden Ranking uses
so-called stability intervals. Stability intervase similar to confidence intervals, but
they have a somewhat different interpretation. ab#ity interval indicates a range of
values of an indicator that are likely to be obsdrwhen the underlying set of
publications changes. For instance, the MNCS indicanay be equal to 1.50 for a
particular university, with a stability intervaloim 1.40 to 1.65. This means that the
true value of the MNCS indicator equals 1.50 fas tlmiversity, but that changes in
the set of publications of the university may rekly easily lead to MNCS values in
the range from 1.40 to 1.65. The larger the stghiliterval of an indicator, the lower
the stability of the indicator.

The stability intervals used in the Leiden Rankarg constructed as follows.
Consider a university with publications, and suppose we want to construtilalgy
interval for the MNCS indicator of this universitWe then randomly draw 1000
samples from the set of publications of the uniter&Each sample is drawn with
replacement, which means that a publication maymoowltiple times in the same
sample. The size of each sampl@&,isvhich is equal to the number of publications of
the university. For each sample, we calculate @ilaevof the MNCS indicator. This
yields a distribution of 1000 sample MNCS valuese Wse this distribution to
determine a stability interval for the MNCS indioabf the university. The Leiden
Ranking uses 95% stability intervals. To obtains5&o9stability interval, we take the
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2.5th and the 97.5th percentile of the distributadnsample MNCS values. These
percentiles serve as the lower and the upper botitiek stability interval.

In the statistical literature, the above procedoreconstructing stability intervals
is known as bootstrapping (Efron & Tibshirani, 19%piegelhalter & Goldstein,
2009). Stability intervals are also discussed imeeent paper by Colliander and
Ahlgren (2011). However, Colliander and Ahlgren uaesomewhat different
procedure for constructing stability intervals thves do’

Figure 7 shows the MNCS indicator and the corredpanstability interval for 50
Leiden Ranking universities. These are the 50 usities that are ranked highest
based on the MNCS indicator. Most of the univegsithave a small stability interval
(sometimes almost invisible in Figure 7). This @ really surprising. All universities
in the Leiden Ranking have a quite large publicataitput, and in general a large
publication output leads to small stability intderaHowever, there are two
universities with a remarkably large stability ini&l. One isUniversity of Goéttingen
(ranked 2nd), and the other Idtrecht University (ranked 35th).University of
Gottingenhas a stability interval that ranges from 1.08185. The stability interval
of Utrecht Universityis smaller, but its range from 1.24 to 1.86 il stither large. In
both cases, the MNCS indicator turns out to hawnIstrongly influenced by a single
publication with a very large number of citatioSor University of Gottingenthis
was already observed in Subsection 4.1.) The MN@®&ator is highly sensitive to
publications with a very large number of citatiombese publications strongly reduce
the stability of the MNCS indicator, and this leaddarge stability intervals.
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Figure 7. MNCS indicator and the correspondingiltabnterval for the 50 Leiden
Ranking universities with the highest MNCS-baseatkiiag.

" Leydesdorff and Bornmann (in press) suggest the use tdtiatisal test to determine whether

differences between universities in the Leiden Ranking atistitally significant. This can be seen as
an alternative to our stability intervals. However, gitle® various problems associated with statistical
tests (Schneider, 2011), we prefer the use of our staibiléyvals.
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5. Interpretation of the Leiden Ranking

University rankings aim to capture a complex rgafita small set of numbers. By
necessity, this imposes serious limitations ondhraskings. Below, we summarize a
number of important limitations that should be tak&o account in the interpretation
of the Leiden Ranking:

1. The Leiden Ranking does not capture the teachingomeance of
universities. Instead, the Leiden Ranking focusedusively on universities’
scientific performance, and the scientific perfonwa of a university need not
be a good predictor of its teaching performanceaddition, only specific
aspects of the scientific performance of a univgr@re taken into account in
the Leiden Ranking, in particular publication out@und citation impact in
WoS covered journals. Other aspects of a univessayientific performance,
such as its impact in national journals (not cogtere WoS) or the societal
impact of its research, are not considered in #iddn Ranking.

2. The Leiden Ranking is based exclusively on outpuiables of the process of
scientific research (i.e., publications, citatior@)d co-authorships). Input
variables, such as the number of research staffusfiversity or the amount of
money a university has available for research, roetaken into account.
Ideally, scientific performance should be measuraded on both input and
output variables (see also Calero-Medina, Lépestihs, Visser, & Moed,
2008). However, accurate internationally standa&dlidata on input variables
is not available, and this is why the Leiden Ragkirses output variables
only.

3. Indicators like those used in the Leiden Rankingt @so in other university
rankings) can be quite sensitive to all kinds afices regarding the details of
their calculation. This is well illustrated by tleenpirical results presented in
Sections 4.3 and 4.4, which show the effect ofctih@ce of a counting method
and the effect of the choice to include or excludm-English language
publications. The sensitivity of indicators to otes like these should be kept
in mind in the interpretation of the Leiden Rankingany choices are
somewhat hidden in the details of the calculatibraw indicator and may
appear to be of a rather technical nature. Neviedbe these choices may
significantly affect the results produced by anigatbr. In a sense, what this
means is that the results produced by an indicateralways subject to a
certain degree of uncertainty. If the indicator hee&n calculated in a slightly
different way, the results would have looked difatty. It is important to
emphasize that this type of uncertainty is diffictd quantify and is not
reflected in the stability intervals discussed ecttn 4.5. Stability intervals
only reflect uncertainty related to changes ingaeof publications underlying
an indicator.

4. In the interpretation of university rankings, atten often focuses almost
completely on the ranks of universities (e.g., “Wmsity X is ranked 20
positions higher than university Y” or “Country A five universities in the
top 100”). This type of interpretation has the adaege of being easy to
understand by a broad audience. However, the imagon can also be
misleading. Using indicators such as MNCS of£l» the performance of
universities tends to be quite skewed. There @mall number of universities
with a very high performance (e.g., MNCS above a&) a large number of
universities with a more average performance (#NCS between 1.0 and
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1.5). This for instance means that according to M¢CS indicator the
difference between the universities on ranks 1Xhth the Leiden Ranking is
almost 0.5 while the difference between the unitiesson ranks 200 and 300
is less than 0.1. In other words, an increaseerrdimk of a university by, say,
ten positions is much more significant in the tdpthe ranking than further
down the list. A more accurate interpretation oivarsity rankings in general
and of the Leiden Ranking in particular can be iolet@é by looking directly at
the values of the indicators rather than at th&irgs implied by these values.
For instance, “University X is performing 20% betthan university Y” is
more accurate than “University X is ranked 20 posg higher than university
Y”.

5. The Leiden Ranking assesses universities as a veimoléherefore cannot be
used to draw conclusions regarding the performaricmdividual research
groups, departments, or institutes within a unitrdDifferent units within
the same university may differ quite a lot in the@rformance, and drawing
conclusions at the level of individual units basedhe overall performance of
a university is therefore not allowed (see also dzflescas, De Moya-
Anegobn, & Moed, 2011). More detailed bibliometricasyses are needed to
draw conclusions at the level of individual unitshin a university.

6. Conclusion

In this paper, we have introduced the Leiden Rank011/2012. A detailed
discussion has been provided of the data collectiethodology, the indicators used
in the ranking, and the interpretation of the ragki

Compared with other global university rankingsparticular the popular ARWU
and THE rankings, the Leiden Ranking offers a nundfeimportant advantages.
First, the Leiden Ranking refrains from arbitradgmbining multiple dimensions of
university performance in a single aggregate irtdicéSecond, the Leiden Ranking
does not rely on data supplied by the universitiesnselves and also does not use
guestionable survey data. And third, the Leidenkianis extensively documented,
making it more transparent than many other rankings

At the same time, we also acknowledge a numbeimutations of the Leiden
Ranking. Depending on the purpose for which a usite ranking is used, the
exclusive focus of the Leiden Ranking on scientgerformance can be a serious
limitation. Because of this limitation, the Leiddétanking is not very useful for
prospective undergraduate students in their choicea university. The Leiden
Ranking captures the scientific performance of arsity mainly by measuring the
citation impact of the university’s publicationshi$ also involves some limitations.
On the one hand, citation impact is only one eld@méscientific performance. It does
not capture elements such as the societal impattteofvork of a university. On the
other hand, the measurement of citation impact kasous methodological
difficulties, for instance because of restrictioinsposed by the Web of Science
database, because of limitations of the indicatbed are used, and because of
intrinsic difficulties associated with certain sty disciplines (e.g., humanities and
some of the social sciences). Another shortcomihghe Leiden Ranking is the
absence of a disciplinary breakdown. The LeidenkiRanoffers statistics only at the
level of science as a whole. Clearly, for many psgs, more fine-grained statistics
are needed, for instance at the level of individs@aéntific fields. Such statistics are
not available in the Leiden Ranking, but they carchlculated as part of performance
analyses for specific universities.
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We plan to further extend the Leiden Ranking in tlext editions. We are
considering extensions in three directions. First, number of universities included
in the Leiden Ranking may be increased, and otfparst of research institutions may
be added to the ranking. Also, a classification wfiversities (e.g., ‘general
university’, ‘medical university’, ‘technical univsity’, etc.) may be developed in
order to facilitate comparisons among similar egitSecond, the statistics offered by
the Leiden Ranking may be refined, for instancedporting longitudinal trends and
by providing a breakdown into a number of broa@stific disciplines. And third, the
indicators used in the Leiden Ranking may be imgdpand new indicators may be
added. For instance, there may be room for a mophisticated approach to the
normalization of impact indicators for field difegrces, and an indicator of university-
industry collaboration (Tijssen, 2012) may be aditetthe ranking.

Some of the above innovations are likely to spiioto developments outside the
Leiden Ranking, in particular to U-Multirank (wwwrultirank.ey. U-Multirank is a
new user-driven interactive tool for classifyingenchmarking, and ranking of
universities worldwide. Our institute is involved the development of this tool. U-
Multirank will offer a multidimensional ranking oftuniversities that includes
indicators on a variety of dimensions of univergigrformance (i.e., teaching and
learning, research, knowledge transfer, internatioonrientation, and regional
engagement). Unlike many existing university ragkin U-Multirank will not
combine these indicators in a single aggregateatdi. We refer to Van Vught and
Westerheijden (2010) and Van Vught and Ziegele Z20br more details on U-
Multirank.
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