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Source normalized indicators of citation impact:
An overview of different approaches
and an empirical comparison

Ludo Waltman and Nees Jan van Eck

Centre for Science and Technology Studies, Leiden Uniyefidie Netherlands
{waltmanlr, ecknjpvan}@cwts.leidenuniv.nl

Different scientific fields have different citation praets. Citation-based bibliometric indicators need
to normalize for such differences between fields in ordeallow for meaningful between-field
comparisons of citation impact. Traditionally, normaliaatfor field differences has usually been done
based on a field classification system. In this apgroaach publication belongs to one or more fields
and the citation impact of a publication is calculatedtiet to the other publications in the same field.
Recently, the idea of source normalization was introdiugéhich offers an alternative approach to
normalize for field differences. In this approach, nalization is done by looking at the referencing
behavior of citing publications or citing journals.

In this paper, we provide an overview of a number of sourarmalization approaches and we
empirically compare these approaches with a traditiomemalization approach based on a field
classification system. We also pay attention to theeigdf the selection of the journals to be included
in a normalization for field differences. Our analysigdidgates a number of problems of the traditional
classification-system-based normalization approaalggesting that source normalization approaches
may yield more accurate results.

1. Introduction

The use of citation-based bibliometric indicators Bssessing the impact of
scientific publications has become more and mopulas. One of the most important
difficulties in the development of these indicat@m@ncerns the comparison of the
citation impact of publications from different seidic fields. It is well known that
different fields may have very different citatioraptices. In fields with a high citation
density (e.g., cell biology), the average numbecitdtions received per publication
may for instance be more than an order of magnitaidger than in fields with a low
citation density (e.g., mathematics). Given thesgd differences in citation practices,
the development of bibliometric indicators thatoall for meaningful between-field
comparisons is clearly a critical issue.

Traditionally, bibliometric indicators have usualiglied on a field classification
system to normalize for field differences (e.g.alr & Glanzel, 1990; Glanzel, Thijs,
Schubert, & Debackere, 2009; Moed, De Bruin, & Maeuwen, 1995; Waltman,
Van Eck, Van Leeuwen, Visser, & Van Raan, 2011)fiedd classification system
assigns each publication to one or more fields.,(ébgpbchemistry, economics,
mathematics, neurology, etc.). Normalization foeldi differences is done by
calculating the citation impact of a publicatiotate/e to all publications in the same
field. The most commonly used field classificatigystem is the system of journal
subject categories in the Web of Science (WoS)oda& of Thomson Reuters. In this
system, each journal is assigned to one or mol@sfié publication belongs to the
fields of the journal in which it has appeared. fEhare about 250 fields in the WoS



subject categories system (including arts and hitmeanfields). Journals such as
Nature, PNAS, and<cience belong to a special ‘Multidisciplinary Scienceategory.

Normalization based on a field classification sgsteas a number of limitations.
First, the idea of science being subdivided intmenber of clearly delineated fields is
artificial. In reality, boundaries between fieldawyrbe rather fuzzy. Second, fields can
be defined at different levels of detail, and givertertain level at which one has
defined one’s fields, it is always possible to goedevel deeper and to define
subfields at this deeper level. It is quite welspible that the subfields within a single
field differ significantly from each other in ternod citation practices (e.g., Adams,
Gurney, & Jackson, 2008; Neuhaus & Daniel, 2009 Yeeuwen & Calero Medina,
2012; Waltman, Yan, & Van Eck, 2011; Zitt, Raman&&hary, & Bassecoulard,
2005). Hence, in many cases, it is not clear totwvetgent fields can be regarded as
homogeneous entities. Third, in the case of a fiEddsification system defined at the
level of journals rather than individual publicats) there is the problem of journals
with a broad scope, not only journals suchiNagire, PNAS, andScience, but also for
instance Journal of the American Chemical Society, New England Journal of
Medicine, andPhysical Review Letters. These journals do not fit neatly into a field
classification system.

Recently, an alternative approach to normalization field differences was
introduced in the literature. This approach is mefé to as citing-side normalization
(zitt, 2010, 2011; Zitt & Small, 2008), source naiimation (Moed, 2010; Waltman
& Van Eck, 2010a), fractional counting of citatiofieydesdorff & Bornmann, 2011,
Leydesdorff & Opthof, 2010; Leydesdorff, Zhou, & Boann, in press; Zhou &
Leydesdorff, 2011), or a priori normalization (Gtéh Schubert, Thijs, & Debackere,
2011). In this paper, we use the term ‘source nbzateon’. The source
normalization approach does not require a fieldsifecation system. Instead, it starts
from the idea that the main reason for differennesdtation density between fields is
that in some fields publications tend to have longéerence lists than in others. In
fields with long reference lists, it can be expdctkat on average publications are
cited more frequently than in fields with shorterfnce lists. Based on this idea, the
source normalization approach aims to normalizefitdd differences by correcting
for the reference list length of citing publicatsoor citing journals.

In this paper, we discuss and compare a numbgygbaches that can be taken to
normalize for field differences. Our focus is orus® normalization approaches. We
include three source normalization approaches iraoalysis, one based on the idea
of the audience factor of Zitt and Small (2008)e drased on the idea of fractional
citation counting introduced by Leydesdorff and l@t(2010), and one based on the
idea of the revised SNIP indicator of Waltman, ek, Van Leeuwen, and Visser
(2012). The three source normalization approachesa@ampared empirically with a
traditional normalization approach based on a f@#bsification system. In addition
to the issue of the choice of a normalization appho we also consider another, often
overlooked issue, namely the issue of the selecttbnthe journals (or the
publications) to be included in a normalization fald differences. For instance,
should a normalization be based simply on all jalgravailable in a bibliographic
database (including trade journals, popular magszirscientific journals with a
strong national orientation, etc.) or should itdased on a selection of journals, such
as all international scientific journals? The enwgail analysis that we present uses the
various normalization approaches to assess thioaitanpact of journals in the WoS
database. Although we focus on assessing the ingbgotirnals, we emphasize that



the normalization approaches we study can alsoskd tor assessing the impact of
universities, research groups, individual reseas;ledc.

The organization of this paper is as follows. St discusses the issue of the
selection of the journals to be included in a ndimasion for field differences.
Section 3 introduces the bibliometric indicatorattive study and the corresponding
normalization approaches. Section 4 presents thaltseof our empirical analysis.
Finally, Section 5 summarizes our conclusions.

2. Selection of journals

Usually, in a normalization for field differenceall journals available in a
bibliographic database such as WoS or Scopus aheded. However, in addition to
‘regular’ scientific journals that aim to serve anternational community of
researchers, these databases also cover a sighificenber of ‘special’ journals,
often with a low citation impact. Examples includede journals targeted primarily at
an industrial rather than a scientific audience popular magazines aimed at a broad,
non-expert readershipAnother example are scientific journals with asg focus on
a scientific community in one particular country gmoup of countrieé.In many
cases, including these special journals in a nomatadn is problematic. This is
illustrated by the following example.

Suppose that a traditional normalization approaa$ed on a field classification
system is used, and consider two fields, field ¥ &ald Y. In field X, our database
covers only ‘regular’ scientific journals. In fieM, on the other hand, our database
also covers a number of ‘special’ journals, fortamee trade journals and national
scientific journals. Suppose that, compared with thgular journals in field Y, the
special journals in this field receive very fewations. It may now be argued that in
the normalization for field differences the regujaurnals in field Y have an
advantage over the regular journals in field X.sTisibecause in the normalization the
citation impact of a journal is compared with thi&on impact of all journals in the
same field. Because of the presence of a numbespefial journals with a low
citation impact in field Y, it is relatively easwprfthe regular journals in this field to
perform well in this comparison. This is not thesedor the regular journals in field
X, and these journals may therefore be argued e hadisadvantage compared with
their counterparts in field Y. To get rid of thissddvantage, the special journals in
field Y would need to be excluded from the normetiian.

Of course, it is rather difficult to distinguish aBn accurate way between what
should count as a ‘regular’ scientific journal amtiat should count as a ‘special’
journal. In this paper, it is not our aim to inttme precise criteria for making this
distinction. However, we do want to explore the seuences of excluding certain
types of journals from a normalization. Our focason excluding journals that are
strongly oriented on one or a few countries (se® aitt, Ramanana-Rahary, &
Bassecoulard, 2003). We refer to these journafmasnal and regional journals.

1 WoS covers a substantial number of trade magazines. Examplsome of the larger ones are
Genetic Engineering & Biotechnology News, Naval Architect, andProfessional Engineering. Popular
magazines covered by WoS include, among others, the sdentfjazinef\merican Scientist, New
Scientist, andcientific American and the business magazifesbes andFortune.

% In the case of the Netherlands, WoS for instance coverBtich language journaRsychologie &
Gezondheid, Tijdschrift voor Communicatiewetenschap, andTijdschrift voor Diergeneeskunde as well
as the English language journ&sonomist-Netherlands, Netherlands Heart Journal, andNetherlands
Journal of Medicine.



How can national and regional journals be distisgad from international
journals? In this paper, we try to distinguish kestw these two types of journals by
analyzing the countries mentioned in the address &f the publications of a journal.
More specifically, for each combination of a jourend a country, we count the
number of times the country is mentioned in theresl lists of the journal’s
publications. In this way, we obtain for each jalra distribution over countries. If
for a given journal this distribution is stronglgrcentrated on one or a few countries,
this is a clear indication that the journal has aiamal or regional orientation.
Mathematically, to determine the degree to whigbwanal has a national or regional
orientation, we compare the journal’s distributiower countries with the overall
distribution obtained based on all journals in tHatabase (see also Zitt &
Bassecoulard, 1998). We use the Kullback-Leiblgerjence for comparing the two
distributions. For a given journglthe Kullback-Leibler divergence equals

By
J i

wherep;; denotes the proportion of the addresses in jourtt@t are from country
and g; denotes the proportion of all addresses in thabdee that are from this
country. The higher the value df the stronger the national or regional orientatbn
journali. Some threshold fak needs to be chosen to determine the boundary betwe
what counts as a national or regional journal ahdtvdoes not.

3. Indicators

Five bibliometric indicators are considered in analysis. One indicator does not
normalize for field differences, one indicator usastraditional normalization
approach based on a field classification systemwh tla@ other three indicators each use
a different source normalization approach. The daftdirs are used to assess the
citation impact of journals in the WoS databasee phriod of analysis has a length of
four years. All citations received during the fowar period by publications that
appeared in the first three years are counted. igians that publications from the
first year have a four-year citation window, whgeblications from the second and
the third year have, respectively, a three-year artdio-year citation window. No
citations are counted for publications from therfouyear. The four normalized
indicators aim to normalize not only for field difences but also differences in
citation window length.

The mean citation score (MCS) indicator is the simplest indicator in ouradysis.
The indicator does not normalize for field diffeces or differences in citation
window length and simply equals the average nundjecitations a journal has
received per publication. The MCS value of a jounaa be written as

Mcs=2, )
m

wheren denotes the total number of citations receivedhayjournal andn denotes
the number of publications of the journal. The Mi@&icator is similar to the journal
impact factor, but unlike the journal impact factboe MCS indicator uses multiple
citing years.



The mean normalized citation score (MNCS) indicator normalizes for field
differences and differences in citation window lén@/Valtman, Van Eck et al., 2011;
see also Lundberg, 2007). The normalization fddfdaifferences is based on a field
classification system. In our analysis, the syst#riiVoS subject categories is used.
The MNCS value of a journal is calculated as

1

MNCS:—(n My n

—1+—+...+—mJ, (3)
mie & €n

wheren; denotes the number of citations of ki@ publication of the journal ang
denotes the average number of citations of allipatibns in the journal’s field in the
year in which thdth publication appearetiinterpretinge as the ‘expected’ number
of citations of theth publicationn; /  denotes the ratio of théh publication’s actual
and expected number of citations. A ratio abovéofleone indicates that the number
of citations of the publication is above (below)athwvould be expected based on the
field and the year in which the publication appdarEhe MNCS value of a journal
equals the average of the actual/expected ratiothefjournal’s publications. An
MNCS value above (below) one means that on avdaregpublications of the journal
are cited more (less) frequently than would be etgue based on their field and
publication year.

We now turn to the three indicators that use ac®uormalization approach. We
refer to these indicators as MSNESMSNCS?, and MSNCE), where MSNCS
stands formean source normalized citation score. The general idea of the three
MSNCS indicators is to calculate a journal's averagumber of citations per
publication, where each citation is weighted basedhe referencing behavior of the
citing publication or the citing journal. The thr®8SNCS indicators differ from each
other in the exact way in which the weight of atdn is determined. An important
concept in the case of all three indicators isrtbgon of an active reference (Zitt &
Small, 2008). An active reference is a referenee thlls within a certain reference
window and that points to a publication in a jouroavered by one’s database. For
instance, in the case of a four-year reference svindhe number of active references
in a publication from 2008 equals the number o&mefices in this publication that
point to publications from the period 2005-2008inrnals covered by the database.

The MSNC$ value of a journal is given by

MSNCSY -1 i+i+...+i , (4)
ma a, a,

where g denotes the average number of active referencesl ipublications that
appeared in the same journal and in the same yetlreapublication from which the
jth citation originates. The length of the referengimdow within which active
references are counted equals the length of th@aritwindow of the publication by
which thejth citation is received. The following example dttates the definition of
a. Suppose that the period of analysis is 2008—-28dd ,suppose that tligh citation
originates from a citing publication from 2010 asdeceived by a cited publication

% In the case of a journal that is assigned to multiéddi in a field classification systers, is
calculated as the harmonic average of the expected numbeitatmns obtained for the different
fields. For a justification of this approach, we refevtaltman, Van Eck et al. (2011).



from 2009. Since the cited publication has a tlyer citation window (i.e., 2009—
2011), & equals the average number of active referencesll ipublications that
appeared in the citing journal in 2010, where a&ctieferences are counted within a
three-year reference window (i.e., 2008-2010). M8NCSY indicator is based on
the idea of the audience factor of Zitt and Sn2008). However, unlike the audience
factor, the MSNC® indicator uses multiple citing years.

The MSNC¥ indicator is similar to the MSNCES indicator, but instead of the
average number of active references in the citmgnal it looks at the number of
active references in the citing publication. In heahatical terms,

m{r, r

MSNCS? :1[1+1+...+1j, (5)
wherer; denotes the number of active references in thégation from which thgth
citation originates. Like in the case of the MSNC$hdicator, the length of the
reference window within which active references @anted equals the length of the
citation window of the publication by which thgh citation is received. The
MSNCS? indicator is based on the idea of fractional counof citations introduced
by Leydesdorff and Opthof (2010; see also Leyddéd&r Bornmann, 2011;
Leydesdorff et al., in press; Zhou & Leydesdorﬂi;LI).4 However, a difference with
the fractional citation counting idea of Leydesdl@hd Opthof is that instead of all
references in a citing publication only active refeces are counted.

The third source normalized indicator that we cdesiin our analysis is the
MSNCS? indicator. In a sense, this indicator combinesiteas of the MSNC38
and MSNC® indicators. The MSNC38 value of a journal equals

MSNCS@:i( t 1 +...+i], (6)
m plrl p2r2 pnrn

wherer; is defined in the same way as in the case of t8&®S? indicator andp,
denotes the proportion of publications with at lease active reference among all
publications that appeared in the same journalimmide same year as the publication
from which thejth citation originates. Comparing (5) and (6),anhde seen that the
MSNCS? indicator is identical to the MSN&Sindicator except thap, has been
added to the calculation. By includipg the MSNC$ indicator depends not only on
the referencing behavior of citing publicationgélithe MSNC$’ indicator) but also
on the referencing behavior of citing journals €lithe MSNCE indicator). The
rationale for includingy; is that some fields have more publications withacitive
references than others, which may distort the nbzateon for field differences
implemented in the MSNC%indicator. For a more extensive discussion of igsse,
we refer to Waltman et al. (2012), who presentvésesl version of the SNIP indicator
originally introduced by Moed (2010). The MSN@Sndicator is similar to this
revised SNIP indicator. The main difference is thtat MSNC$ indicator uses
multiple citing years, while the revised SNIP iratier uses a single citing year.

“* In a somewhat different context, the idea of fractionatioitacounting was already suggested by
Small and Sweeney (1985).



4. Empirical analysis

Our empirical analysis is concerned with assesiagitation impact of journals
in the WoS databaseOnly journals in the sciences and the social seisnare
considered. Journals in the arts and humanities@réaken into account. The period
of analysis is 2008-2011. Hence, for each jouroightions received in the period
2008-2011 by publications that appeared in theode2008-2010 are counted. Only
publications of the WoS document typesicle and review are included in the
analysis, both as cited and as citing publications.

0 2000 4000 6000 8000 10000 12000
Journal

Figure 1. Distribution of journalsd, values. The horizontal line indicates the

threshold of 1.3985.

The five bibliometric indicators discussed in theyioous section are calculated
both based on all journals in the WoS database lzagbd on a selection of
international journals. In the former case, indicatalues are obtained for 11,031
journals. In the latter case, 2,816 national amibreal journals are excluded from the
analysis, which means that we have indicator vafoes3,215 journals. The 2,816
journals are excluded because for these joumhals (1) has a value above 1.3985,
indicating that the journals have a relatively sfyanational or regional orientation.
The threshold of 1.3985 was chosen based on tlmesiderations. First, looking at
the distribution of journalst; values, a ‘kink’ was observed aroudd= 1.4 (see
Figure 1). Second, based on a manual inspecticm sdmple of journals; = 1.4
seemed a reasonable threshold for distinguishihge® international journals on the
one hand and national and regional journals omther hand. And third, it was found
that 1.3985 is the highest threshold for whichjalirnals with addresses from only
one country are excluded from the analysis. We ti@ein the case of the indicators
calculated based on our selection of internatigaatnals the 2,816 national and
regional journals are excluded not only on thedcgele but also on the citing side.
Hence, citations originating from these journals aot taken into account. We also
note that non-English language publications in 8215 journals classified as

® The full results of our analysis are available ontineww.ludowaltman.nl/normalization/



international are excluded from the analysis ad (fet a discussion of the issue of
non-English language publications, see Van Raam, Mseuwen, & Visser, 2011a,
2011b).

Table 1 lists the ten WoS subject categories wiik targest number of
publications in national and regional journals.rdails and publications belonging to
multiple subject categories are counted fractignallthe table. Notice that the three
subject categories for which the number of pubiicet in national and regional
journals is largest (i.e., ‘Chemistry, Multidisdipdry’, ‘Medicine, General &
Internal’, and ‘Physics, Multidisciplinary’) are laspecial categories with a broad
scope.

Table 1. Top 10 WoS subject categories with thgestr number of publications in
national and regional journals.

WoS subject category No. nat. and reg. No. pub.
journals

Chemistry, Multidisciplinary 62.7 32,396
Medicine, General & Internal 89.7 31,133
Physics, Multidisciplinary 33.0 25,465
Veterinary Sciences 72.0 15,897
Metallurgy & Metallurgical Engineering 32.3 13,964
Materials Science, Multidisciplinary 32.0 11,798
Physics, Applied 12.2 11,506
Engineering, Electrical & Electronic 28.7 11,353
Public, Environmental & Occupational Health 51.8 10,554
Pharmacology & Pharmacy 42.6 10,247

4.1. General statistics

Some general statistics are reported in Tables, 2n8 4. Table 2 shows the
Pearson and Spearman correlations for all paindi€ators, where the indicators
have been calculated based on all 11,031 journated WoS database. Table 3 is
similar to Table 2 except that the indicator cadtioins are based on our selection of
8,215 international journals. We note that onlyrjmis with at least 100 publications
have been included in the calculation of the catr@hs reported in Tables 2 and 3.
Table 4 presents the average value of each ofieeriridicators, calculated either
based on all journals or based on internationahnjais only. In the calculation of the
average values, each journal is weighted by its bmrmof publications. For each
indicator, the table also shows the Pearson andarBpe correlations between
indicator values calculated based on all journats iadicator values calculated based
on international journals only. These correlatiame based on the indicator values
obtained for international journals with at leaB80 Jublications.

Table 2. Pearson correlations (lower left) and 8pea correlations (upper right) for
all pairs of indicators. The indicators have beeicwated based on all 11,031
journals in the WoS database. Only the 7,551 jdamdth at least 100 publications
have been included in the calculation of the catrehs.

MCS MNCS MSNCE MSNCS? MSNCS?
MCS 0.80 0.79 0.91 0.75
MNCS 0.84 0.91 0.90 0.89
MSNCSY 0.87 0.92 0.94 0.98
MSNCS? 0.84 0.83 0.94 0.94
MSNCS® 0.79 0.85 0.97 0.98




Table 3. Pearson correlations (lower left) and 8peaa correlations (upper right) for
all pairs of indicators. The indicators have beaitwated based on a selection of
8,215 international journals. Only the 5,820 jolsnaith at least 100 publications
have been included in the calculation of the catrehs.

MCS MNCS MSNCE MSNCS? MSNCS®
MCS 0.72 0.70 0.87 0.65
MNCS 0.82 0.88 0.87 0.86
MSNCSY 0.86 0.90 0.92 0.98
MSNCS? 0.81 0.81 0.94 0.92
MSNCS® 0.78 0.83 0.97 0.98

Table 4. Average value of each indicator, calcalatgher based on all journals or
based on international journals only, and PearsohSpearman correlations between
indicator values calculated based on all journatsiadicator values calculated based
on international journals only. Only the 5,820 megional journals with at least 100
publications have been included in the calculatibthe correlations.

MCS MNCS MSNCE MSNCS? MSNCS?
Average (all journals) 5.08 1.00 1.06 0.81 1.06
Average (int. journals) 5.43 1.00 1.06 0.84 1.06
Pearson correlation 1.00 0.98 0.99 1.00 1.00
Spearman correlation 1.00 0.99 0.98 0.99 0.98

Taking into account the statistics reported in €abR, 3, and 4, the next
subsection presents a comparison of the differetators. Subsection 4.3 considers
the effect of excluding national and regional jalsifrom the analysis.

4.2. Comparison of indicators

The general pattern that can be observed basetieocarrelations reported in
Tables 2 and 3 is that the three MSNCS indicatoesadl quite strongly correlated,
with Pearson and Spearman correlations above 0@.correlations of the three
MSNCS indicators with the MNCS indicator are somatMower, but the difference
is not large. The MCS indicator, which is the omlglicator that makes no attempt to
normalize for field differences, also has fairlyghi correlations with the other
indicators. However, one should be careful whenwidr@ conclusions from the
correlations reported in Tables 2 and 3. The dfferindicators all have skewed
distributions, with many journals with relativelgw indicator values and only a small
number of journals with high indicator values. Téeskewed distributions fairly
easily give rise to high Pearson correlations. Aswil see in the next subsection,
high correlations may sometimes hide importanedéhces between indicators.

Table 4 shows that the average MNCS value of alinjals equals exactly one.
This is not surprising, since this is a direct @ngence of the way in which the
MNCS indicator is defined. The MSNESand MSNC® indicators have average
values somewhat above one. In the case of thegmiods, average values above one
indicate that the yearly number of publicationseditb the database increases over
time. If each year the same number of publicationd been added to the database,
the MSNC$” and MSNC$ indicators would have had average values veryedos
one (for more details, see Waltman & Van Eck, 20Mfaltman et al., 2012). The
average value of the MSN&Sindicator is substantially below one. This is a
consequence of the fact that some publications havactive references. In the case
of the MSNC¥ indicator, publications without active refereng@ge no ‘credits’ to
earlier publications. In this way, the balance l@sw publications that provide credits
and publications that receive credits is distorted] this causes the average value of



the MSNC$ indicator to be below one. The MSN@3ndicator would have had an
average value very close to one if each year theesaumber of publications had
been added to the database and if there had begubiwations without active
references (for a more extensive discussion ofstige of publications without active
references, see Waltman et al., 2012).
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Figure 2. Scatter plots of the relations betwearr fiormalized indicators (i.e., the
MNCS indicator and the three MSNCS indicators) ahd unnormalized MCS
indicator. The indicators have been calculated dase all journals in the WoS
database. The scatter plots show average indicaloes for 222 fields.

The main question of course is to what extent cuticators succeed in
normalizing for field differences. This questiomdae answered only partially, since
there is no perfectly accurate field normalizaterailable based on which we can
evaluate our indicators. To provide some insight the normalization capabilities of
our indicators, we use the field classificationtegs provided by the WoS subject
categories and we calculate for each indicatorawerage value of the journals in
each field. In the calculation of the average valuEach journal is weighted by its
number of publications and journals belonging toltipie fields are treated in a
fractional way. All WoS covered journals are inaddin the calculation, both
international ones and national and regional oBesed on the average indicator
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values per field, Figure 2 presents four scattetsplEach scatter plot shows the
relation at the level of fields between one of marmalized indicators (i.e., the
MNCS indicator or one of the three MSNCS indicat@sd the unnormalized MCS
indicator. The ‘multidisciplinary sciences’ subjecategory is not included in the
scatter plots, because it clearly does not reptesdield and also because it has a
much higher MCS value (i.e., 18.09) than the oth#rject categories. The scatter
plots therefore include 222 fields, all from théesces and the social sciences.

Figure 2 reveals that the MSN&3ndicator is strongly correlated with the MCS
indicator. Low citation density fields, which halev MCS values, also have low
MSNCS? values, while high citation density fields havgthiMSNC$? values. This
shows that the MSNC% indicator does not properly normalize for fieldfeliences.
The problem is that low citation density fields Bawnore publications without active
references than high citation density fields. Aplaixed above, in the case of the
MSNCS? indicator, publications without active referengasvide no ‘credits’ to
earlier publications. Because the proportion ofséh@ublications differs between
fields, the normalization for field differencesdsstorted.

What may be considered remarkable in Figure 2as e¢lien the MNCS indicator
turns out to be somewhat correlated with the MCdcator. Given that the field
classification system used in Figure 2 is the sawmdhe one used by the MNCS
indicator, one may have expected the MNCS indicatordisplay a perfect
normalization for field differences. In that casach field would have had an MNCS
value of exactly one. The reason why the MNCS iaiicdoes not display a perfect
normalization for field differences is that WoS mdb categories are partially
overlapping, with some journals belonging to mudtigategories. The correlation
between the MNCS indicator and the MCS indicat@nsartifact of this overlap.

The MSNC$? and MSNCE) indicators yield very similar scatter plots in &ig
2. This is in line with the high correlations betmethese two indicators reported in
Table 2. Compared with the MNCS indicator, the MSttand MSNC$ indicators
are more strongly correlated with the MCS indicatmut the correlation is clearly
weaker than in the case of the MSNE®idicator. The correlations of the MSN&S
and MSNC$ indicators with the MCS indicator can be explaifedwo ways. On
the one hand, the two source normalized indicatay fail to completely normalize
for all field differences. This may for instance tiee case if there are significant
unidirectional citations flows between fields (e.Gfjom applied fields with a low
citation density to more basic fields with a higtatton density; see Waltman et al.,
2012). On the other hand, however, the results sHaviFigure 2 may also be due to
artifacts in the WoS subject categories. If in sarategories high impact journals are
overrepresented while other categories have anreuesentation of low impact
journals, then the correlations visible in Figurar2 actually to be expected.

Figure 2 makes clear that the ‘fractional citatcmunting’ approach implemented
in the MSNC¥ indicator does not yield satisfactory reslltBased on this, the
MSNCSY and MSNC®) indicators seem to be preferable over the MSRICS
indicator. The choice between the MSNE&nd MSNC$) indicators appears to be

® A similar conclusion is reached by Radicchi and Chstel(2012a). However, there is a fundamental
difference between our analysis and the one by Radicchi astélfano. Radicchi and Castellano apply
fractional citation counting in the way it was originally propbss Leydesdorff and Opthof (2010),
which means that fractioning is done based on the total euoflreferences in a citing publication.
Instead of the total number of references, we look atntieber of active references in a citing
publication (cf. Leydesdorff et al., in press). Our analysakes clear that taking into account only
active references does not solve the problems of életidnal citation counting approach.
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of limited practical relevance, given the strongretation between the two indicators.
This is confirmed by Figure 3, which shows the tietabetween the two indicators at
the level of journals. In the rest of this secti@uyr focus will be mainly on the

MSNCS? indicator.
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Figure 3. Scatter plot of the relation between M8NCS" indicator and the

MSNCS? indicator. The indicators have been calculategtham all journals in the

WoS database. Indicator values of all journals vathleast 100 publications are
shown. One outlierActa Crystallographica Section A) is not visible.
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One outlier Acta Crystallographica Section A) is not visible.

12



Choosing between the MSN€Sndicator and the MNCS indicator does make a
significant difference, as is shown in Figure 4hat level of journals. Table 5 lists the
journals for which the difference is largest, takinto account only journals with at
least 100 publications. The left column of the éabhows journals for which the
MSNCS?® value is much higher than the MNCS value. The trighlumn shows
journals whose MSNC3 value is much lower than their MNCS value. Althbug
drawing general conclusions from Table 5 is difficséome observations can be
made.

Table 5. Top 15 journals with the largest posifilegt column) or the largest negative
(right column) difference between their MSNC&alue and their MNCS value. The
indicators have been calculated based on all jésiinathe WoS database. Journals
are listed only if they have at least 100 publmadi

Journal Diff. Journal Diff.
Acta Crystallographica Section A 28.23 Nature Biotecbgypl -3.80
Science 3.67| Nature Materials -3.77
Nature 3.57| Nature Photonics -3.57
Assay and Drug Development 1.92 | Laser Physics Letters -3.04
Technologies
Cladistics 1.80| Nature Reviews Drug Discovery -2.86
Lancet Oncology 1.73] Nature Nanotechnology -2.78
Acta Crystallographica Section D 1.67 Psychotherapy apchBsomatics -2.71
Clinical Microbiology Reviews 1.45 Journal of Informetrics 2.59
JAMA 1.45 | Eurasian Geography and Economics -2.58
American Psychologist 1.43 Technological and Economic -2.52
Development of Economy
Progress in Photovoltaics 1.26 Mass Spectrometry Reviews -2.46
PNAS 1.17 | Veterinary Research -2.21
Journal of Turbomachinery-Transactions 1.14 | Pain Physician -2.08
of the ASME
British Medical Journal 1.11 International Journal of Ne@gdtems -2.04
Journal of the Royal Society Interface 1.11  Journal ofébtesues -2.01

Looking at the left column of Table 5, we observaumber of journals with a
broad scope. These are the multidisciplinary jolsrisaience, Nature, PNAS and
Journal of the Royal Society Interface and the general medical journalaMA and
British Medical Journal. Because of their broad scope, journals suchesetdo not
fit neatly into a field classification system, miadyiit difficult for the MNCS indicator
to perform a proper normalizatidrFor this reason, the MSN&Sindicator, which
does not rely on a field classification system, ntiaely yields more accurate results
for these journals.

Another special case in the left column of Tablés5Acta Crystallographica
Section A (MNCS = 20.88; MSNC® = 49.11). One of the publications in this journal
in 2008 has been cited extremely offeim fact, more than half of all citations to
publications that appeared in the WoS subject cayetCrystallography’ in 2008
have been received by this particular publicatibhis means that on its own this

" This problem is also discussed by Glanzel, Schulaed, Czerwon (1999). As a solution, these
authors propose to treat journals with a broad scope peaad way. In their proposal, publications in
journals with a broad scope are assigned to fields baseédiomeferences.

8 This the following publication: Sheldrick, G.M. (2008). A shdistory of SHELX. Acta
Crystallographica Section A, 64(1), 112-122. By the end of 2011, this publication had been cited
almost 25,000 times.
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publication has more than doubled the average nuwofbatations per publication in
its field, which in turn implies that in the casketioe MNCS indicator this publication
largely determines its own normalization. This ist the case for the MSNES
indicator, which explains the difference betweemntilo indicators.

In the right column of Table 5, we obserdeurnal of Informetrics (MNCS =
4.15; MSNC$) = 1.56), a journal with which many readers wilbpably be familiar.
Journal of Informetrics belongs to the WoS subject category ‘InformaticieSce &
Library Science’. Earlier research has shown thatlibrary and information science
field is quite heterogeneous in terms of citatiemslty (Waltman, Yan, & Van Eck,
2011).Journal of Informetrics is part of the subfield with the highest citatidensity,
which causes the MNCS indicator to overestimatejtiienal’s citation impact. It
therefore seems likely that the MSN@Sindicator provides a more accurate
assessment of the impact of the journal.

Based on the above observations, it can be cordltitt there are at least a
number of journals for which the results of the MSHf indicator can be expected to
be more accurate than those of the MNCS indicaiomore extensive analysis is
required to determine to what extent these findiggseralize to other journals. We
leave this as an issue for future research.

4.3. Effect of journal selection

We now consider the effect of excluding nationall aegional journals from the
analysis. The Pearson and Spearman correlationgteeldn Table 4 are all very close
to one, suggesting that there is hardly any eftdotvever, Figures 5 and 6 show that
the high correlations may be somewhat misleadirsggc#n be seen in Figure 6, in the
case of the MSNC% indicator, the effect of excluding national andiomal journals
is indeed quite small. The MSNE€XSvalues of most journals decrease slightly. In the
case of the MNCS indicator, however, Figure 5 shawsuch more significant effect.
For most journals, the MNCS value decreases onlg Bynall amount, but for some
journals the decrease is much larger. A numberigh mpact journals even lose
more than half of their MNCS value. Hence, Figubeand 6 make clear that the
MNCS indicator is considerably more sensitive te #xclusion of national and
regional journals than the MSNE€XSindicator. Results for the other two MSNCS
indicators are not shown but are similar to thasetie MSNC$ indicator.

Table 6 lists the 15 journals for which the exabmsiof national and regional
journals leads to the largest decrease in MNCSevallith one exception, these
journals all belong to the WoS subject categoriéhemistry, Multidisciplinary’,
‘Medicine, General & Internal’, and ‘Physics, Mdligciplinary’. As we have seen in
the beginning of this section, these are the ttdgect categories with the largest
number of publications in national and regional ri@s. National and regional
journals usually have a relatively low citation iagh. Excluding these journals
therefore tends to increase the average citatigradtiof the publications in a field.
This means that, relative to the field average, ditation impact of international
journals goes down. Table 6 shows that in the cds@urnals in the ‘Medicine,
General & Internal’ subject category (elgew England Journal of Medicine, Lancet,
andJAMA) the decrease is even more than 50%. This cldhrtyrates the sensitivity
of the MNCS indicator to the selection of journ@sluded in an analysis.
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Table 6. Top 15 journals with the largest differenoetween their MNCS value
calculated based on all WoS covered journals asid BMNCS value calculated based
on international journals only. Journals are listauy if they have at least 100
publications.

Journal MNCS MNCS Difference
(all journals)  (int. journals)

New England Journal of Medicine 12.61 5.53 7.08
Lancet 8.97 3.86 5.11
Reviews of Modern Physics 15.83 10.85 4.98
JAMA 7.03 3.16 3.87
Chemical Reviews 8.68 5.72 2.96
Annals of Internal Medicine 4.07 1.83 2.25
Physics Reports 7.02 4.80 2.22
Chemical Society Reviews 5.92 3.91 2.01
PLoS Medicine 3.62 1.62 2.00
Nature Physics 6.42 4.45 1.97
Accounts of Chemical Research 4.98 3.29 1.69
Agricultural Systems 2.78 1.19 1.59
Archives of Internal Medicine 2.84 1.28 1.55
British Medical Journal 2.69 1.16 1.53
Reports on Progress in Physics 4.83 3.31 1.51

5. Conclusions

We have compared a number of bibliometric indicatbat differ from each other
in the approach they take to normalize for diffeemin citation practices between
scientific fields. The MNCS indicator uses a tremtial normalization approach based
on a field classification system, while the thre&NCS indicators that we have
studied each use a different source normalizatgmaach. We have also investigated
the issue of the selection of the journals to l#ugted in a normalization for field
differences.

Based on our empirical analysis, in which we haseduthe different indicators to
assess the citation impact of journals in the Wafalshse, the following conclusions
can be drawn:

« The MSNC¥ indicator, which is based on the idea of fractlocigation
counting (Leydesdorff & Bornmann, 2011; Leydesdogff Opthof, 2010;
Leydesdorff et al., in press; Zhou & Leydesdorf®12), does not properly
normalize for field differences. Because of thie MSNC$” and MSNC$
indicators seem to be preferable over the MSRi@&licator.

+ The MSNC$’ and MSNC$) indicators, which are based on the ideas of,
respectively, the audience factor (Zitt & Small, 08D and the revised SNIP
indicator (Waltman et al.,, 2012), are strongly etated, and the choice
between these two indicators therefore seems toofbémited practical
relevance.

 The MNCS indicator has difficulties with journaldtiva broad scope (e.g.,
Nature and Science, but alsoJAMA and British Medical Journal) and with
fields that are heterogeneous in terms of citati@nsity (e.g., the WoS subject
category ‘Information Science & Library Sciencefy. addition, the MNCS
indicator is quite sensitive to the selection afrjals included in an analysis.

Overall, we think that our results provide most Eup to the MSNC® and
MSNCS? indicators. We acknowledge, however, that the lerab observed for the
MNCS indicator also relate to the field classifioatsystem that we have used (i.e.,
the WoS subject categories). To some extent, theg#ems may be solved by using
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a more accurate field classification system, pedfigrone in which fields are defined
at the level of individual publications rather thanh the journal level. In some

disciplines, such field classification systemsarailable (e.g., the MeSH, PACS, and
JEL systems in, respectively, biomedicine, physiocd astronomy, and economics),
but in many others they are not. An alternativeusoh therefore may be to

algorithmically construct a field classification ssgm covering all disciplines of

science (e.g., Waltman & Van Eck, in press).

There are a number of important issues for fut@search. In particular, we

would like to mention the following topics:

* There is a clear need for additional empirical wiorkvhich comparisons are
made between normalization approaches based ahcl@ssification systems
and source normalization approaches. These coroparisould for instance
zoom in on individual scientific fields. Also, imstd of journals, they could
focus on other units of analysis, such as indiMiduwsearchers, research
groups, or universities. The most rigorous approach comparing
normalization approaches would be to investigageetktent to which different
approaches produce universal patterns in the n@ehtitation distributions
of scientific fields.

» Criteria need to be developed for distinguishingMeen different types of
journals, such as ‘regular’ scientific journalsiestific journals with a strong
national or regional focus, trade journals, andyt@mpmagazines. Using such
criteria, certain types of journals can be exclufiein a normalization for
field differences. When taking a source normalization approach, it is
especially important to exclude journals with vesypall numbers of active
references (Waltman et al., 2012).

» As already suggested above, the MNCS indicatorsaete tested with other
field classification systems. Ideally, a field ddgation system would be
used that is defined at the level of individual lpzdgions and that covers all
disciplines of science.

» The effect of different normalization approaches different families of
indicators needs to be investigated. In this pamenm, focus has been
exclusively on average-based indicators. An altaregossibility could be to
investigate indicators that are based on the ideaoanting highly cited
publications.
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