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Abstract

This paper explores a new indicator of journal tmta impact, denoted as source
normalized impact per papeBSNIP. It measures a journal’'sontextual citation
impact, taking into account characteristics of pioperly defined subject field,
especially the frequency at which authors cite offapers in their reference lists, the
rapidity of maturing of citation impact, and theext to which a database used for the
assessment covers the field’s literature. It furttevelops Eugene Garfield’s notions
of a field’s ‘citation potential’ defined as theexage length of references lists in a
field and determining the probability of being ditend the need in fair performance
assessments to correct for differences betweeeduiglds. A journal’s subject field
is defined as the set of papers citing that jourBallPis defined as the ratio of the
journal’s citation count per paper and the citagatential in its subject field. It aims
to allow direct comparison of sources in differsobject fields. Citation potential is
shown to vary not onlypetweenjournal subject categories — groupings of journals
sharing a research field — or disciplines (e.gurpals in mathematics, engineering
and social sciences tend to have lower values titlas in life sciences), but also
between journalgithin the same subject category. For instance, basingtsitend to
show higher citation potentials than applied anichl journals, and journals covering
emerging topics higher than periodicals in clagsioajects or more general journals.
SNIP corrects for such differences. Its strengths aimditdtions are critically
discussed, and suggestions are made for furtheamgds All empirical results are
derived from Elsevier'$copus



1. Introduction

The journal impact factor developed by Eugene @hifiand published by the
Institute for Scientific Information(currently Thomson Reuteysin the Journal
Citation Reports (JCRis probably the most widely dispersed bibliometnstruct.
Numerous authors have discussed the potentiabtres limitations of the impact
factor and other measures of journal citation imp@cg., Garfield, 1972; 1996;
Glanzel and Moed, 2001).

Garfield (1979) underlined that it is improper t@ke comparisons between citation
counts generated in different research fields, imedhe "citation potential” can vary

significantly from one field to another. He suggekthat "the most accurate measure
of citation potential is the average number of nefiees per paper published in a
given field". He argued that since biochemical pammntain 30 cited references and
mathematics articles 15, the citation potentiahimformer discipline is two times that

in the latter. Moreover, variations exist in "citett characteristics as to how quickly a
paper will be cited, how long the citation rate lwidke to peak and how long the

paper will continue being cited" (Garfield, 1979.248).

Garfield also emphasized that disciplinary disimts made between fields may not
always be fine enough to avoid unfair comparisoffse potential of being cited
differs substantially not only between disciplinkest also from one specialty to
another. “Evaluation studies using citation datsie very sensitive to all divisions,
both subtle and gross, between areas of researdhylen they are found, the study
must properly compensate for disparities in citapotential’(Garfield, 1979, p 249).

One way to overcome differences in citation potdns applying ‘relative’ indicators
that calculate the ratio of a journal’s citationp@&ct per paper and the world citation
average in the subject field the journal coverss Bpproach can be denotedaget
normalization or, as Zitt and Small (2008) putdtted side’ normalization (Zitt and
Small, 2008). Several authors proposed useful &dis based on this principle using
a categorization of scientific journals into sont0 Jsubject categories (e.g., Braun,
Glanzel and Schubert (19888en, 1992; Marshakova-Shaikevich, 1996; Van
Leeuwen et al., 2002). The second column of Talpeetents the base characteristics
of this approach.

Table 1: Target or ‘cited side’ versus source orciting side’ normalization of journal citation
impact measures

Steps | Target or ‘cited side’ normalization Souroe‘citing side’ normalization

1 Calculate a journal’s average citation countpgzgyer

2 Define the subject field covered by a journal

3 Calculate how frequently papers in the Calculate how frequently papers in the
subject field are cited by other papers (a  subject field cite other papers (a subject
subject field’s received citation rate) field's citation potential)

4 Correct a journal’s citation count per paper Correct a journal’s citation count per paper
for differences in received citation rates for differences in citation potential between
between subject fields subject fields




An alternative approach, summarized in the rigHumm of Table 1 issourceor
‘citing side’ normalization, which corrects for fifences between research fields in
the frequency at which papers cite other documeletsoted as the field’s ‘propensity
to cite’ (Zitt and Small, 2008) or ‘citation potéalt (Garfield, 1979).

Zitt and Small's work further explores the citinged journal matrix and applies
source normalization at the level of the citing aitddjournal. They defined the field
covered by a journal in terms of a collection afirjals citing it. Their approach is
related to the idea of using fractional citatioruting, according to which “each
citing item has a total voting strength of one, bitides that single vote equally
among all references it cites”( Small and Sweeh€85).

During the past years, numerous other approachinetmeasurement and ranking of
journal impact or status were explored. Withoutiralag completeness, important
approaches are:

* A ranking procedure similar to percentile rankimgnerating rank-normalised
impact factors of scientific journals based ont@tmanalysis (e.g., Pudovkin and
Garfield, 2004).

* Following Pinski and Narin (1976), application of(\aariant of the) PageRank
algorithm to the journal-to-journal citation netwo(Bollen, Rodriguez and Van
de Sompel, 2005; Bergstrom, 2007; West et al., 286GBMAGO).

» Following Hirsch (2005), the calculation of Hirstidices for scientific journals
based on citations (e.g., Braun, Glanzel and Schu2@05).

» Development of a model for the asymptotic humbercitdtions collected by
papers published in a journal, enabling one to tilyalooth the typical impact and
the range of impacts of papers published in a @lu(8tringer, Sales-Pardo and
Amaral, 2008).

» The use of data on the frequency of downloads gfefs from electronic
publication archives for the calculation of a joalrfusage’ factor (e.g., Bollen
and Van de Sompel, 2008).

* Modeling citation distributions in a journal as agative binomial distribution,
and characterizing a journal's impact by estimatithg parameters of its
distribution (Glanzel, 2009).

The study presented in this paper further devetbpsideas by Garfield, Zitt and
Small outlined above, and presents a new indiazft@urnal citation impact, denoted
as source normalized impact per pa@NIP. It measures a journal'sontextual
citation impact, taking into account characterisiif its subject field, especially the
frequency at which authors cite other papers iir tteference lists, the rapidity of
maturing of citation impact, and the extent to whithe database used for the
assessment covers the field’s literature. Its paiseiples and main characteristics are
outlined in Section 2 Appendix Alprovides a mathematical framework and gives
methodological detailsSection 3illustrates the effect of using the new source
normalized measure upon rankings of journals. Bin&8ection 4presents a critical
discussion of the new metric’'s strengths and litintes, compares it to other
measures of journal citation impact, and makes estigns for further research. All
empirical results presented in this paper are ddrfvtom Elsevier'sScopus



2. Base principles
Document types included

The methodology described in this paper aims tdyasapeer reviewed research
articles, and to capture citations from peer ree@warticles to other peer reviewed
articles.Scopususes a categorization of documents into 15 doctnypes. In this
study articles conference proceedings papeasd reviewsare considered as fully
fledged, peer-reviewed research articles. They Wwél denoted as ‘papers’ and
sometimes as ‘articles’ throughout this articlee gublication and citation counts in
this study are based on these three document typgsas if all other document types
were simply erased from the database.

Citation potential

A key concept igitation potential Figure 1 illustrates how it differs from the cept

of citation impact. The former indicates how freqthg papers in a subject field cite
other papers, and the latter how frequently a stifigld’s papers are cited. A subject
field’s citation potential is defined as the averamyimber of cited references per paper
in the subject field.

Figure 1. Citation potential versus citation impact
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Legend to Figure 1:Figure 1 shows a set of 5 source articles, and titition relationships with 6
target articles. Numbers in the upper oval indidhi number of cited references contained in each
source paper. Citation potential in a set of souantieles is defined as the average number of cited
references per source article, which amounts sx@¢kample to 7/5 or 1.4.

Delimitation of a journal’s subject field

A journal’s subject field is defined as the collentof papersciting that journal. This

is indicated in Figure 2. Each paper in the figleésat least one article published in

the particular journal. But it is essential to realthat these papers cite other

documents as well. This is shown in Figure 3. Mifghese cited documents are not

published in the journal itself, but in other joal®or in other types of sources such as



books. In fact, it is shown in Section 3 that ie tleference lists of papers citing a
journal the percentage of citations to the jourtsglf is typically only one per cent.

Figure 2. Delimitation of a journal’s subject field
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Legend to Figure 2.Figure 2 illustrates that the subject field obarjpal (denoted as target journal) is
defined as the collection of papers citing thatijal. More technical details, particularly abouttion
time windows applied, are given in Appendix Al.

Figure 3. Complete reference lists in papers citinthe target journal
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Legend to Figure 3.Figure 3 illustrates that the papers citing aipaldr (target) journal cite in their
reference lists publications in other sources at Whe complete reference lists are used to cateul
the citation potential in the journal’s subjectdie

Database coverage and database citation potential

The citation potential in a journal’s subject fieldpends upon the extent to which the
database covers this field. The study presentedisnpaper calculates indicators for
journals that are processed for a particular da@l$copus These are often denoted
as ‘source journals’. But if the papers in a fietered by a particular journal mainly
cite documents published in journals or other typlesources that ameot covered by
the database, this journal will not be cited fradlye since most of the citations are
directed towards documents that are not in thebdata In a sense, such citations are



‘lost’ for target journals processed for the datbdigure 4 shows that for all papers
in the 2007Scopusdatabase, about 80 per cent of cited referencesibshed in
journals or other types of sources processedSoopus This percentage is an
indicator of database coverage (Moed, 2005). Howea®is illustrated in Section 3

large differences exist in this coverage percentagmveen disciplines and subject
fields.

Figure 4. Internal coverage of the Scopus database
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Legend to Figure 4Figure 4 shows that 80 per cent of cited refezen source documents $topus
is published in journals or other sources proce$se8copus The remaining 20 per cent is published
in sourceshot processed foBcopusData are obtained from a bibliometric versiorBobpusreated at
CWTS, based on raw data extracted f@oopusin September 2008. Citing year: 2007; cited years:

1997-2006; based on citations from articles, prdeegs papers and reviews to other articles,
proceedings papers or reviews.

Figure 5. Citation potential versus database citédn potential: An example
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Legend to Figure 5 Figure 5 shows an example of a source paper Witited references, four of
which are published in sources processed for thabdae. Database coverage is defined as the
percentage of such references, relative to thd tatenber of cited references. Database Citation
Potential is simply the number of cited referenuelslished in sources processed for the database.



Therefore, citation potential must take into acddime extent to which the database
covers a subject field. A new parameter is defirdehoted adlatabasecitation
potential. It doesiot count thetotal number of cited references in a field’s papers, bu
the number of cited referencgaiblished in journals processed for the database
Figure 5 shows an example of how database citatbential is calculated.

Citation and publication windows

The citation impact indicator presented in thisqraigs based on citations given in a
fixed citing year (2007) to a journal’'s papers published inttiree preceding years
(2004-2006). Compared to tAdhomson Reutergournal impact factor published in
the Journal Citation ReportJCR), the citation time window of this new metric is
one year longer, giving on average a journal’s ichpaore time to mature. This is
particularly useful in disciplines in which citatiompact matures slowly (Moed, Van
Leeuwen and Reedijk, 1998) such msthematic§Rousseau, 1988) and parts of
engineering social sciencesandhumanities An important cause of slowly maturing
impact in a field is the existence of a long pudtiicn delay — i.e., the time period
between a paper’s date of submission to a jourmita formal publication date.

Examples: Database citation potential in three sabfields

Figure 6 shows the distribution of the number dedireferences — published in
journals processed for the database — between pajierg one of three journals:
Inventiones Mathematica#olecular Cel] andJournal of Electronic MaterialsThe
database citation potential in the subject fieloigeced by these three journals is 2.86,
22.21 and 6.87, respectively.

Raw impact per paper (RIP)

The source normalized impact per pa@NIP of a journal is a ratio. This paragraph
describes thenumeratorin that ratio: the average number of citations peaper
published in a journal, denoted as raw impact @aep RIP). As outlined above,
citations are counted that are given in a fixeding) year (in this study 2007) to
papers published in the journal during the thre@ding years (2004-2006). Table 2
clarifies the distinction between a journal’'s rawpiact per paper and the database
citation potential in its subject field.

Table 2. Raw Impact per Paper versus Database Ciian Potential

A journal’s raw impact per paper (RIP) Database Citation Potential of a journal’s subject
field

Average number of citations (from whateveAverage number of 1-3 year old cited references

source journals in the database) received by Xiblished in whatever source journal processed

year old papers published in the target journal for the database) contained in papers citing the
target journal




Figure 6. Distribution of the number of cited references in papers citing three journals
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Legend to Figure 6 Citing year: 2008; Cited years: 2005-2007. %r@tpapers with > 40 cited
references are not displayed. Basic data on tlee fournals:

Abbreviation Full title Database citation Relative database
potential in subject citation potential
field in subject field

INVENT MATH Inventiones Mathematicae 2.86 0.42

J ELEC MATER Journal of Electronic 6.87 1.00

Materials
MOLEC CELL Molecular Cell 22.21 3.23

If one selects all papers in the database citingd@7 at least one article publishedlitventiones
Mathematicag and if one counts in the cited reference liseath citing paper the number of cited
references published during the three precedingsyiegournals processed for the database, the mean
of this number over all citing papers amounts ®62Note that the database citation potential & th
field of Molecular Cellis almost one order of magnitude higher.

Relative citation database potential

Journal of Electronic Material$s themedianjournal in the database in terms of the
database citation potentidDCP) of its subject field. In other words: 50 per ceit
journals in the database ha®@P value above, and another 50 per cent below 6.87,
the DCP of this journal (see Figure 6). Therefore, it #&d as &CP normalization
factor. TheDCP of any journal is divided by that of this mediamuignal. This ratio is
called Relative Database Citation PotentBDCP. By definition, RDCP of the
median journal equals one. 50 per cent of journatsaRDCPabove one.



Source normalized impact per paper (SNIP)

The definition of a journal’s source normalized smpper paper is presented in Table
3 below.

Table 3.  Definition of a journal’s source normalizd impact per paper

A journal’s Source Normalized Impact per Pa&X P

Raw Impact per Paper published in the jourfaPf

Relative Database Citation PotentiBOCP in the journal’s subfield

For journals in subject fields in which the averdgmgth of reference lists — corrected
for citation time window and database coverage eqgsal to that for thenedian
journal in terms of its subject field’s citation teatial, the relative database citation
potential equals one, and the new indicaBNXIP, equalsRIP, the raw impact per
paper. But in subject fields with a higher citatpotential, which for instance is the
case for many journals iniochemistry and molecular biolog$NIP is lower than
RIP, whereas in fields such asathematicsin which citation potentials are generally
lower, SNIPtends to be higher thaRIP. By using the database citation potential in
the median subject field as normalization factaif lof the journals go up iSNIP
compared tdRIP, and the other half goes down, depending upontvenghe value of
the relative citation potential in their subjectldis is below or above one. This is
illustrated in Figure 7.

Figure 7. Ratio of source normalized $NIP) and raw (RIP) impact per paper as a function of
relative database citation potential
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Legend to Figure 7 SNIP. Source normalized impact per papRiP: Raw impact per paper. The
figure shows that if the relative database citapotential in a journal’s subfield has a value o&c-
i.e., the database citation potential equals thattfe median journal in the database — , the gign
source normalized impact per paper equals its mapact per paper. If in a journal's subject fielé th
relative database citation potential is below dBHNJP is higher tharRIP, while if this potential is
above oneSNIPis lower tharRIP.
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Effect of source normalization upon citation impalstributions for all SCOPUS
journals

Figure 8 andTable 4 give an overall impression of the effect of souncemalization
upon the distribution of citation impact betweeh adound 17,000 journals in the
Scopugatabase.

Table 4.  Statistics of the distribution of raw RIP) and source normalized ENIP) impact per
paper across all source journals in the database

Indicator [ N Mean | Std Skewness P25| P50 P73 P90  P9o
SNIP 17,000 0.81 1.12 16.03 0.17 0.52 1.]10 177 84.p
RIP 17,000 1.04 2.10 25.26 0.13 0.48 1.3|2 2.51 7.59

Legend to Table 4SNIP. Source normalized impact per papBiP. Raw impact per paper. The
distributions are characterized by their percentdiies. For instance, P50, the 50th percentie tfe
median) of theSNIP distribution amounts to 0.52. This means that 80gent of the 17,000 journals
have aSNIPvalue up or below 0.52. P99 f8NIPandRIP are 4.68 and 7.59, respectively. This means
that one percent of journals (about 1,700 journa#s)e aSNIP value above 4.68, and one per cent a
RIP value above 7.59.

Table 4 and Figure 8 clearly show that the distrdyu of the source normalized
impact per paperSNIP across journals is more concentrated than theg¢dan raw

impact per paperRIP). In fact, the standard deviation of tRdP distribution is

almost two times that for tHf@NIP distribution: 2.10 versus 1.12.

Figure 8. Distribution of raw (RIP) and source normalized $NIP) impact per paper across all
source journals in the database
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Legend to Figure 8 The horizontal axis gives midpoints either fojoarnal’s source normalized or
raw impact per paper. For instance, midpoint 2/Bmses all journals with impact values between 2.0
and 3.0. Figure 8 shows that slightly less tharp@0 cent ofScopusjournals has a raw impact per
paper between 2.0 and 3.0. T8MIP distribution shows more concentration than thafRtP. It is less
skewed to the right. The highest scores tend téoner than those foRIP. About 35 per cent of
journals has &NIPvalue between 2.0 and 3.0.
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3. Results

Table 5 gives an overview of the indicators calculatedhis paperTable 6 presents
SNIPvalues and the other indicators listed in Tabfersa number of journals from
various journal subject categories, using a clesgibn implemented irScopusof
journals into about 300 categories. Although tlable reveals differences in raw
impact per paper and citation potentiafweersubject categories, its primary aim is
to show such differences among journaithin subject categories.

It shows typical examples gfairs of journals with statistically similaBNIP values,
revealing substantial differences in relative dasgbcitation potentiaRDCP in the
field covered by a journal and in a journal’s rampact per papeR(IP). In this way,
Table 6 shows how the source normalization proeediascribed in the previous
section brings together journals with very diffdr@asitions in a ranking based on
their raw impact per paper. Moreover, from theetitbf these journals one obtains a
rough impression of the differences in covereddasjietween the journals. Interesting
results are the following.

 The raw impact per papeRIP) in Journals of Gerontology A — Medical and
Biological Sciencess 35 per cent higher than thatJafurnals of Gerontology B —
Psychological and Social Sciencé€s66 against 2.72), but the formessurce
normalizedimpact per paperSNIP is 22 per cent lower than that of the latter
(1.81 versus 2.31). In fact, the relative datalwisgion potentialsRDCP) in the
subject fields covered by these two journals a@2 2nd 1.17, respectively. It is
plausible to assume that this difference reflecifer@nces in citation
characteristics between medical-biological sciermeghe one hand, and social
sciences on the other.

* The journal pairs in the subject categoriigebra and Number Theorgnd
Applied Mathematicslo not only show low relative database citatioteptals
compared to those in other journal categories,atet large differencewithin
each pair. Focusing on the former categalyurnal of Logic and Algebraic
Programminghas aRDCP of 0.95, which is more than twice that fdwurnal of
Differential Geometry0.45). TheirSNIPvalues are almost identical (1.97 versus
1.98). Secondary analysis reveals that the latiarnpl is mainly cited from
purely mathematical journals such®&snsactions of the American Mathematical
Society Geometriae DedicateandAdvances in Mathematicehereas the former
is predominantly cited from computer science saajregpeciallyecture Notes in
Computer Scien¢&heoretical Computer ScienemdLecture Notes in Artificial
Intelligence.

* Within a molecular-biological approach differences eaisbng researcbbjects
Insect Biochemistry and Molecular Biologyd Plant Molecular Biologyreveal
different relative citation potentials (1.70 ag4i@$5). Although the raw impact
per paper of the latter is 50 per cent higher tiat of the former (4.27 versus
2.84), theSNIPvalues of the two journals are identical (1.67).
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Table 5 Journal indicators calculated in this paper

Indicator Technical details Significance

Nr Papers Number of articles, reviews andndicates the number of peer-reviewed
proceedings papers published indocuments published in a journal.
a journal in the 3 years
preceding the year of analysis

% Reviews % Papers published in a journalReview papers tend to be cited more

and labeled as reviews in the
database

frequently than other types; journals
publishing reviews tend to have higher citati
impact.

Raw impact per
paper RIP)

Number of citations in year of
analysis to a journal’s papers
published in 3 preceding years,
divided by the number of a
journal’s papers in these three
years

Corrects for differences in sizes of annual
volumes. Is similar to Thomson’s JCR impa
factor but is based on citations to papers
published during 3 preceding years (instead
2); ‘free’ citations to ‘non-citable’ items are
not included; only citations in articles that ar
‘peer reviewed’ are counted.

Citation potential
in the journal's
subject field

Mean number of 1-3 year old
cited refs per paper citing a
journal (e.g., cited references
contained in a 2007 paper, and
themselves published during
2004-20086).

Indicates how frequently papers in a journal
subject field cite other papers published in 3
preceding years. The higher this number, th
higher is for 1-3 year old papers in the
journal’s subject field the probability of being
cited

Database
coverage of a
journal’s subject
field

For papers in a journal’s subjec
field: % 1-3 year old cited
referencepublished in journals
processed for the database

t Indicates how frequently papers in a journal
subject field cite other papepsiblished in
journals that were processed for the databa
It is a measure of the extent to which the
database covers the field.

Databasecitation
potential in a
journal’s subject
field

Mean number of 1-3 year old
references per paper citing the
journaland published in
journals processed for the
database

Indicates how frequently papers in a journal
subject field cite 1-3 year old other papers
published in journals that were processed fa
the database

Relativedatabase
citation potential

Database citation potential of a
journal’s subject field divided by

According to this normalization, the median
journal in terms of database citation potentiz

in a journal's that for the median journal in thgin its subject field has a value of one.
subject field database Biochemical journals tend to have a value
(RDCP above one, and mathematical titles below o
Source Ratio of a journal’ raw impact | For journals covering subject fields in which
normalized per paperRIP) and the relative | the relative database citation potentRDCP)

impact per paper:
(SNIPB

database citation potential
(RDCBPB in the subiject field
covered by the journal

equals oneSNIPequalsRIP. For biochemical
journalsSNIPvalues tend to be lower than
their RIP scores, and for mathematical
periodicals higher.

~

of

=

il

ne.

% Journal self
citations

% Citations to a journal, given i
papers published in the journal
itself

nIndicates the fraction of a journal’s raw impg
per paper that is generated by the journal
itself.

% Cited refs in
subfield to
journal

% Cited references in a journal
subject field published in the

sindicates the relative frequency at which
papers in a journal’s subject field cite that

journal itself

journal in their reference lists.
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Table 6. SNIP and related indicators for selected pairs of jourals

Journal Nr % SNIP Raw | Database| Database| Relative % %
Papers| Re- Impact | Coverage| Citation | Database| Journal | Citations
(2004- | views per (%) Potential | Citation self in
2006) paper Potential | citations | subfield

(RIP) to
journal
Accounting

Mathematical

Finance 91 22| 2.93 1.26 62 2.96 0.43 13.9 0.96

Financial

Management 65 29.2 | 255 1.78 69 4.80 0.70 11.2 0.70

Acoustics and Ultrasonics

J Vibration &

Acoustics 229 0.0| 1.82 0.92 79 3.46 0.50 16.2 1.23

Ultrasonics &

Sonochemistry 241 3.7] 2.03 2.58 89 8.71 1.27 17.4 0.87

Aging

J Gerontol - A

Biol & Med Sci 559 13.6| 1.81 3.66 90 13.89 2.02 6.9 0.17

J Gerontol - B

Psych & Soc Sc| 274 7.7 | 231 2.72 79 8.07 1.17 11.7 0.36

Algebra and Number Theory

J Logic and

Algebr Program 75 5.3 1.97 1.87 68 6.52 0.95 4.3 0.46

J Differential

Geometry 114 35| 1.98 0.89 70 3.07 0.45 8.9 0.61

Analytical Chemistry

J Chromatogr A| 3,872 3.2| 1.56 3.62 93 15.89 2.31 22.5 0.57

J Electroanalyt

Chem 1,227 0.8| 1.62 2.67 92 11.32 1.65 10.5 0.29

Anatomy

Clin Anatomy 331 8.5 | 0.96 0.85 87 6.06 0.88 12.8 0.70

Cells Tissues

Organs 177 5.1] 0.99 2.39 95 16.53 2.41 4.7 0.12

Applied Mathematics

Int J Nonlinear

Sci & Numer

Simulatation 190 16| 2.13 4.24 95 13.68 1.99 15.4 0.93

Commun Partial

Differential

Equations 215 14 | 213 1.06 75 3.41 0.50 5.3 0.43

Atomic and Molecular Physics, and Optics

Chemphyschem 883 5.4 1.42 3.39 86 16.43 2.39 4.2 0.16

Optics & Laser

Technology 307 1.0| 142 0.90 85 4.34 0.63 12.0 1.01

Atomic and Molecular Physics, and Optics

J Mol Spectrosc 526 0.4 1.15 1.14 79 6.79 0.9 739 174

J Nanopatrticle

Res 209 1.9 1.20 2.26 83 12.98 1.89 6.5 0.2

Aquatic Science

Aguatic Toxicol 519 23] 1.88 3.45 92 12.60 1.84 15.3 0.55

Continental

Shelf Res 428 58| 1.89 2.06 84 7.51 1.09 14.2 0.65

Behavioral Neuroscience

Behaviour 248 28| 1.21 1.78 86 10.07 1.47 9.3 0.27

Physiology &

Behavior 886 75 | 1.24 2.93 93 16.18 2.36 8.1 0.18
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Table 6. SNIP and related indicators for selected pairs of jourals (continued)

Journal Nr % SNIP Raw | Database| Database| Relative % % Cited
Papers| Re- impact | Coverage| Citation | Database| Journal | refsin
views per (%) Potential | Citation self subfield
paper Potential | citations | to
(RIP) journal
Biochemistry
Insect Biochem
& Molec Biol 335 24 | 1.67 2.84 92 11.68 1.70 13.3 0.37
Plant Molec
Biol 577 5.0 | 1.67 4.27 95 17.54 2.55 4.8 0.08
Bioengineering
Bioresource
Technol 829 25| 252 3.33 89 9.06 1.32 10.5 0.44
Biomaterials 2109 29| 2.99 6.53 94 14.98 2.18 9.3 0.30
Cardiology and Cardiovascular Medicine
Arteriosclerosis,
Thrombosis &

Vascular Biol 1,021 34 | 2.46 6.45 94 18.03 2.63 4.6 0.08
J Vascular Surg 1,190 13.4 2.50 4.15 93 11.40 1.66 17.0 0.58
Ecology
Ecology 998 7.8 | 3.46 5.22 87 10.36 1.51 8.0 0.23
Ecology Letters 414 22.71 452 8.63 87 13.11 1.91 5.2 0.22
Engineering (miscellaneous)

Combustion Sci

& Technol 284 7.0 | 1.60 1.28 80 5.49 0.80 7.4 0.40

Nanotechnology| 2,093 3.2 | 1.66 3.27 84 13.56 1.98 12.7 0.69

Plant sciences

Field Crops Res 411 1.0 1.99 2.03 78 7.00 1.02 814. 0.70

Plant Cell 780 6.9 3.51 10.27 96 20.08 2.92 8.5 160.
General / Multidisciplinary

Nature 3,966 11.9 7.62 19.02 90 17.18 2.49 1.8 20.0

Science 4,477 24.5 6.26 15.40 89 16.90 2.46 11 02 0.
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Journals coveringgmergingtopics tend to have higher citation potentialsntha
journals publishing more papers in ‘classical’ tgpior in more general journals
covering a wide range of topics. Good examplestitating this arelournal of
Nanoparticle ResearchersusJournal of Molecular Spectroscopy the subject
categoryAtomic and Molecular Physics, and Optitise journalUltrasonics and
Sonochemistrycomparedto Journal of Vibration and Acoustida the subject
category Acoustics and Ultrasonicsand the pairNanotechnologyversus
Combustion Science & Technoldgythe categorfngineering.

The subject categorgehavioural Neurosciencs rather heterogeneous in terms
of topics and approaches. Table 6 lists two josrfr@m this categoryBehaviour
seems to publish mainly research on animals. Thengs most frequently citing
this periodical are in facAnimal Behavior Ethology andBehavioural Ecology
and Sociobiology Physiology & Behavioris more focusing on human brain
research, and is frequently cited from journalshsas Behavioural Brain
ResearchHormones and Behavipand American Journal of Physiologylhe
subject fields covering the two listed journals éalifferent citation potentials
(1.47 against 2.36) and raw impacts per publishepep (1.78 versus 2.93).
Correcting for these differences, th8NIP values are almost equal (1.21 against
1.24).

The journal pairs from the subject categodgmtomy(Clinical Anatomyversus
Cells Tissues Orgahs and Cardiology and Cardiovascular Medicine
(Arteriosclerosis, Thrombosis, and Vascular BiolagysusJournal of Vascular
Surgery illustrate thatclinical journals tend to have lower database citation
potentials than mor®&asic oriented medical-biological periodicals. In physic
sciences, basic journals tend to show higher onapotentials than applied
journals. A typical example is the pa@hemphyschemand Optics and Laser
Technology.

Journals publishing letters or short communicatitaml to show higher citation
potentials than 'normal’ journals. Apparently, awth citing letter journals are
more focused on the recent (i.c., 1-3 year oldditure. The relative database
citation potential forEcology Lettersis about 25 per cent higher than that of
Ecology(1.91 versus 1.51). It must be noted that the peage of review articles
is higher for the former than it is for the lat{@R.7 versus 7.8 per cent).

The last two rows in Table 6 present indicators fwo general or
multidisciplinary journalsNatureandScience The methodology described in this
study enables one to calculate a source normaimedct also for this type of
journals. ASNIPvalue is found of 7.62 fddatureand 6.26 foiScience
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4. Discussion and conclusions

The aim of this Section is to critically evaluatee tpotentialities of the proposed
indicator, but at the same time to be aware ofiiitstations. There is no single
‘perfect’ indicator of journal performance. The etdrly communication system is
highly complex, citations constitute one of its negentations — though a most valid
and useful one — and journal performance is a rduttiensional concept that cannot
be expressed in any single measure. The adequaayjairnal impact measure is
related to the type of use made of it, and the tfpeesearch question addressed. A
particular indicator may be appropriate in one eatjtand less appropriate in another.

Generally speaking, this metric assesses a josroahtion impactin context This
context is determined by reference practices im pm@ewed articles in the journal’s
subject field and by the extent to which the dasab@overs this field. Strong points of
the SNIP metric are the following.

» Delimitation of a journal’'s subject field do@®t depend upon some pre-defined
categorization of journals into subject categorirg,is entirely based on citation
relationships. It is carried out on a (citing) papg-paper basis, rather than on a
(citing) journal-by-journal basis.

» The delimitation is ‘tailor-made’. A subject fielthn be defined accurately even
when general or multi-disciplinary journals coverseveral fields rather than one
play an important role in it.

 The new metric corrects for differences in refeneg@ractices between subject
fields, especially the frequency at which authate ather papers, and the rapidity
of maturing of citation impact.

* In addition, it corrects for differences in datadasverage between subject fields:
lower database coverage leads to lower databas@nitpotentials, which tends
to lead to higheBNIPvalues compared to the raw impact per paper italica

» It does not only correct for differenceégtweenjournal subject categories (i.e.,
groupings of journals into a few hundred reseandbfislds), but also between
journals covering distinct topics, approaches seaech objectsvithin a journal
subject category.

* SNIPis based on citations from peer-reviewed papersther peer-reviewed
papers. This makes it less sensitive to manipulatod strategic behavior,
especially by journal editors. ‘Free’ citationsrton-citable documents (Moed and
van Leeuwen, 1996) and ‘editorial’ self citatiof®egdijk and Moed, 2008) are
notincluded.

* It enables the calculation of sensible citation actpmeasures of general or
multidisciplinary journals such as the journBlisture or Science

* It is moderately sensitive to variations in the géntime windows used in
indicator calculation and field delimitation, atat# compared to the variability
between years in which citations are counted (gg@Adix Al).

However, important points that should be kept inagnon the interpretation of source
normalized impact per papesNIP are:

» Contrary to a target normalized indicator (e.gn ‘@euwen et al., 2008gNIP
doesnot correct for differences in the fraction mview articles published in a
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journal. Similar to the raw impact per paper intihicaSNIP values tend to be
higher for journals publishing reviews. The peregeat of reviews in a journal is
an important additional indicator that should bedueshen interpretingNIP.

The categorization of a journal's documents intcwoent types affects the
values of SNIP in the same measure as it influené®®. A breakdown of a
journal’s papers into document types in the dambawmy provide useful
background information o8NIP.

Although the impact or quality of journals used faublication is an aspect of
research performance in its own right, journal iotfactors should not be used
as surrogates of citation impact of individual pap& research group publication
oeuvres (Garfield, 1996; Seglen, 1994; 1997) Thisue both for the raw and the
source normalized impact per paper.

The higher the percentage of journal self citatiotie more the journal’s
indicators are determined by citations from — aiddcreference characteristics
within — the journal itself. When interpretit®@NIP or RIP values, this percentage
provides relevant background knowledge.

While the new indicator does correct for differes@e citation potential between
subject fields — as expressed in the length ofdcieference lists in papers
covering the field — , it doasot take into account the growth of the literaturain
field, nor the extent to which papers in a field aited from other fields (Zitt and
Small, 2008).

The following issues await further research.

The field delimitation explored in this paper idiest-order delimitation. More
sophisticated methodologies based on citation arsabre feasible, for instance,
those involving an iterative process in which atnstep could be adding the
papers citing with a particular strength the docotsi¢hat are cited by the articles
published in the journal.

Papers belonging to a subject field Imot citing a journal (in the time window
applied) are by definition not included in a jodisdield, and this could cause a
bias Although this bias is reduced by applying in fredd delimitation a time
period of cited years that is much longer than thedd in the actual indicator
calculation, and although the analyses presentéuei\ppendix suggest that the
effect of variations in citation time windows up8ihIPvalues is relatively small,
the effect of the missing ‘non-citing’ papers upie values obtained f@NIP
could be examined in more detail.

More qualitative research could examine the exienthich rankings of journals
based on the new indicator correlate with the apirof peers on the quality of
journals in their fields.
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APPENDIX Al: Mathematical model and methodologicaldetails
A note on terminology

The database used in this paper, Elsevigcspus does not only include scientific-
scholarly journals, but also conference proceedirgsoks and trade journals.
However, in this paper all sources processed fd#dtabase are labeled as journals.

Subject field delimitation

The research field covered by a journal is definedhe collection of articles citing
that journal within a particular time window spéed below. This collection will be
labeled as a journal'subject fieldthroughout this paper.

More specifically, as a rule, a journal’s fieldarparticular year is defined as the set of
papers published in that year, and citing at least paper published in that journal
during the tenpreceding years. It needs emphasizing that the window applied in
the calculation of citation impact indictors is fdilent from that used to delimit a
subject field: the latter takes into account ontgtons in a fixed citing year to papers
published during the firsthree preceding years. In the mathematical framework
presented below the citation and publication tinredews are not specified.

Citation potential and database coverage

1

If the set of articles citing a particular jourfadontainsm articles, aj maj , and if

ir j indicates the number of cited references containeatticle i aj, the Citation

Potential Rj in the journal’s subject field is defined as

m .
erj

Rj ==L
m

Rj is the arithmetic mean of the number of cited nesfees contained in papers
citing a particular journal.

This study calculates for a papein journal J's subject field the number of cited
references contained in pageand published in sources that are processed &r th
db
J

journals processed for the databas%,baan be defined as

database, denoted &s<°. Similar to formula (1), the citation potential sburce
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This quantity is labeled as the database citatiganial throughout this paper. ﬂ]]

denotes for journal’s subject field the fraction of cited referenchkattis published in
sources processed for the database, it follows that

db
R j =fj.Rj 3)

f j can be interpreted as an indicator of the intedadghbase coverage &fs subject
field (Moed, 2005).

Raw and source normalized impact per paper

If C j denotes the number of cites in a particular yegapers published ihduring

the three preceding years, anq #e number of papers published in these years, the
raw citation impact per papeR(P) of J is defined as the ratio of these two quantities:

Cj
Let N be the number of source journals in the degaband db be the median

database citation potential between the subjelclsfief all source journals in the
database, i.e.,

M9P= median inR‘J?'b}, i=1to N (5)

The measure proposed in this study, the source tiaadampact per papeS\NIP) of
journallJ is defined as follows:

SNIP; = —Rlpj 6
J
v db
RrP
The ratio Jdb can be denoted asralative database citation potentizﬁNIPj is
M

therefore a normalized citation-per-paper ratioexpresses this ratio per ‘unit’ of
database citation potential in the subject fieldezed by the journal.
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Effects of variations in publication and citatiame windows

Table Al analyses the sensitivity of ti@NIPindicator for changes in the publication
and citation time windows applied. The followingeh variations are examined:

» As outlined above, a journal’s subject field isidefl as the set of papers citing in
a particular year (2007 in this study) at least paper published in the journal
during theten preceding years — in this case during the timéodet997-2006.
How doesSNIP change if this time period is shortened to theee preceding
years — 2004-2006, the very same time period dsafiidied in the calculation of
the indicators?

* The impact indicators are based on citations iixedfyear (2007) to a journal’s
papers published in thtaree preceding years (2004-2006). How d&IP vary
if one counts only citations to papers from tiwe preceding years (2005-2006)?

* The indicators presented in this study are caledl&r one single, fixed citation
year (2007). How doeSNIP change if one calculates indicators for an earlier
fixed citing year, but adjusting the time window$ cited years in field
delimitation (1996-2005) and indicator calculati{@d03-2005) accordingly?

The results are presented in Table Al. It analghferences between the default
configuration (fixed citing year 2007; cited yeardield delimitation 1997-2006; and
cited years in indicator calculation 2004-2006) d@hd variant. If \{j denotes the

value of an indicator in the default configuratiand Vy, that of the variant, the
differenceDIFF is defined as follows:

DIFF = |100. Y C

Table Al presents the mean and median valuBliBF for two indicators — the raw

(RIP) and source normalized impact per paj@&NIP — over all journals covered by
the database, and for a subset of ‘bigger’ journas journals publishing at least one
hundred papers per year during the time period -2006. Standard deviations tend
to be in the same order of magnitude as the means.

A general conclusion is that the variationsSINIP are only slightly higher than those
in RIP, and for the set of all journals slightly highlan for that of ‘bigger’ journals

publishing at least 100 papers. Moreover, amongthihee variations, changing the
fixed citing year has the largest effect bothRIP and onSNIP, and shortening the

time window for cited years in journals’ subjedalél delimitation the smallest.

To be specific, as regards the latter variatiohat has no effect oRIP — Table Al
shows that for half of the journa®NIP varies with at most 7.6 per cent. Considering
only bigger journals, this percentage is slightdwér. Changing the fixed citing year
causes for half of the journals a difference ofnaist 10.1 per cent iRIP, and of at
most 11.7 per cent iSNIP. On the one hand, this finding suggests that tfezteof
changes in the cited year time period in field méhtion is relatively small. On the
other hand, it provides a ground to calculate mgwwwo or three year averages — i.e.,
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calculating an average for scores for subsequéngarears 2007, 2006 and possibly
2005-, rather than scores for one single citiray.ye

Table Al. The effect of variations in the citationrand publication time window upon
SNIP and impact per paper

Type of variation Differences between ‘default’ and
‘variant’
All journals Journals with

>=100 papers

Mean Median Mean Median

Raw impact per paper (RIP)

Cited years in field delimitation 2004-2006 in 0.0% 0.0% 0.09 0.0 %
stead of 1997-2006

Cited years in indicator calculation 2005-2006 in 9.0 % 45 % 7.79 4.7 %
stead of 2004-2006

Citing year 2006 in stead of 2007 17.4|% 10.1 % 7 22. 7.3 %

Source normalized impact per paper (SNIP)

Cited years in field delimitation 2004-2006 in 7.8 % 7.6 % 6.49 51%
stead of 1997-2006

Cited years in indicator calculation 2005-2006 in 12.3 % 9.0% 10.2% 8.2%
stead of 2004-2006

Citing year 2006 in stead of 2007 19.7|% 11.7% 724, 8.6 %
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