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The relation between Eigenfactor, audience factor,
and influence weight

Ludo Waltman and Nees Jan van Eck

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

We present a theoretical and empirical analysis afumber of bibliometric indicators of journal
performance. We focus on three indicators in paldic namely the Eigenfactor indicator, the audéenc
factor, and the influence weight indicator. Our méinding is that the last two indicators can be
regarded as a kind of special cases of the fiditator. We also find that the three indicators ban
nicely characterized in terms of two properties. Vééer to these properties as the property of
insensitivity to field differences and the properfyinsensitivity to insignificant journals. The pirical
results that we present illustrate our theoreficalings. We also show empirically that the diffeces
between various indicators of journal performareecpiite substantial.

Introduction

The impact factor (Garfield, 1972, 2006) is withaldubt the most commonly
used bibliometric indicator of the performance dfiestific journals. Various
alternatives to the impact factor have been prapose the literature. These
alternatives include indicators based on cited-siolenalization (e.g., Van Leeuwen
& Moed, 2002), indicators based on citing-side nalieation (Moed, in press; Zitt &
Small, 2008), indicators based on thendex (e.g., Braun, Glanzel, & Schubert,
2006), and indicators based on recursive citatigighting. Indicators based on
recursive citation weighting were first proposedRipski and Narin (1976; see also
Geller, 1978), and they have been popular in takl fof economics (Kalaitzidakis,
Mamuneas, & Stengos, 2003; Kodrzycki & Yu, 2006baad & Piette, 1994,
Liebowitz & Palmer, 1984; Palacios-Huerta & VoR04). The successful PageRank
algorithm of the Google search engine (Brin & Pag#98; Page, Brin, Motwani, &
Winograd, 1998; see also Langville & Meyer, 20083 lcaused a renewed interest in
recursive indicators of journal performance. ThiRsgeRank-inspired indicators that
have been recently introduced are the weighted FRage indicator (Bollen,
Rodriguez, & Van de Sompel, 2006; Dellavalle, Soigl Rodriguez, Van de
Sompel, & Bollen, 2007), the Eigenfactor indicatBergstrom, 2007; West,
Bergstrom, & Bergstrom, in press), and the SClmagornal Rank indicator
(Gonzélez-Pereira, Guerrero-Bote, & Moya-Anegor90

In this paper, we point out the relation betweereghindicators of journal
performance, namely the audience factor (Zitt & Bn2908), the influence weight
indicator (Pinski & Narin, 1976), and the Eigentadndicator. The audience factor is
based on citing-side normalization, while the otip indicators are based on
recursive citation weighting. Unlike the audien@etbr and the influence weight
indicator, the Eigenfactor indicator is a paramegest indicator. Hence, the behavior
of the Eigenfactor indicator depends on the chofce parameter. Our main finding is
that the audience factor and the influence weigticator can be regarded as a kind
of special cases of the Eigenfactor indicator. ®eldo this, we show how the three



indicators can be characterized in terms of twgertes that we introduce. We refer
to these properties as the property of insengithatfield differences and the property
of insensitivity to insignificant journals. Intetegly, it turns out that the parameter
of the Eigenfactor indicator can be used to mak&ade-off between the two
properties. In addition to a theoretical analydighe audience factor, the influence
weight indicator, and the Eigenfactor indicator, also report some results of an
empirical analysis of these indicators.

This paper is organized as follows. First, we dsscour indicators of interest and
we point out how these indicators are mathemayicalated to each other. Next, we
study the indicators empirically. Finally, we bhefdiscuss some other related
indicators and we summarize our conclusions. Saaknical details are elaborated
in an appendix.

Indicators

In this section, we discuss the indicators thatstuely in this paper. We use the
following mathematical notation. Let there b¢ournals, denoted by 1, .n, LetT;
andT, denote two time periods, where peribdprecedes period,. (The two periods
may overlap or coincide.) We are interested in meag the performance of journals
1, ...,n based on citations from articles published inqukfi, to articles published in
period T;. Let a3 and a; denote the number of articles published in jouinat,
respectively, period$; andT,, and letc; denote the number of citations from articles
published in journai in periodT, to articles published in journglin periodT;. We
defines as

S :ZCij . (1)

Hence,s denotes the total number of citations from arsigheiblished in journal in
periodT, to articles published in journals 1, .n.in periodTs.

Using the above mathematical notation, we now dis@ur indicators of interest.
We focus on the essential characteristics of tdeators. We ignore practical issues
such as the document types (e.g., articles, lettard reviews) that are taken into
account, the length of the time window within whictations are counted, and the
way in which self citations are handled. For owggent purposes, issues such as these
are not important.

Impact factor

Although the impact factor is not our main intenesthis paper, we include it for
completeness. The impact factor is defined as Weeage number of citations that a
journal has received per article (Garfield, 197Q0&). Hence, the impact factor of
journali can be written as

C:
IF =<1

i : (2)
&

The impact factor is a very simple indicator. Iwsll known that in some fields
articles are on average cited much more frequeéhtiy in other fields. The impact
factor does not correct for such differences amfielgls. Because of this, impact
factors of journals in different fields should roet directly compared with each other.



Audience factor

The audience factor is a recent proposal of Zitt 8mall (2008). The audience
factor is similar to the impact factor except toaations are weighted based on the
journal from which they originate. The larger a rjoal’'s average number of
references per article, the lower the weight oftation originating from the journal.
The audience factor of journiais defined as

AF =$Z%c , ®)
wherem andms are given by
m =L, (4)
i2
m=S, (5)
> (&2

that is,m denotes journgls average number of references per articlerandenotes
the average number of references per article fgo@inals taken together. Notice that
in the definitions ofry andms only references to articles published in jourrdals.., n
in periodT; are taken into account. These references aredcatittve references by
Zitt and Small. All non-active references are igrtbr

By assigning weights to citations, the audiencetofa@ims to correct for
differences among fields. Unlike indicators basedcded-side normalization (e.g.,
Van Leeuwen & Moed, 2002), which also aim to carree field differences, the
audience factor has the advantage that it doesehobn an externally imposed field
classification. In Appendix A, we introduce the pesty of insensitivity to field
differences This property provides a formal definition of theeea of correcting for
field differences. Informally, the property of imsativity to field differences has the
following interpretation. Suppose that we have equally-sized fields and that each
journal gives away only a small amount of citatibmgournals that are not in its own
field. We then say that an indicator is insensitivefield differences if the average
value of the indicator for one field deviates frtime average value of the indicator for
the other field only by a small amount. In the cakewvo fields without any between-
fields citation traffic, the property of insensitivto field differences requires that the
average value of an indicator is the same for bietds. We show in appendix A that
under a relatively mild assumption the audiencetofachas the property of
insensitivity to field differences.

Influence weight

The influence weight indicator was proposed by Rimsd Narin (1976). The
influence weights of journals 1, ..n, denoted by IW, ..., IW,, are obtained by
solving the following system of linear equations:

! This system of linear equations has a unique isoluf the journal citation matrixC = [ci] is
irreducible. In other words, the system of lineguations has a unique solution if in the journtdtan
graph there exists for any two journaksndj a path from toj and a path fromtoi. We note that for
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Unlike the impact factor and the audience factiog, influence weight indicator is a
measure of a journal’'s average performance peremée rather than of its average
performance per article. Based on the influencegiteof journali, a measure of
journali’s average performance per article can be obtaiged

W,

fori=1,...,n (6)

=1, )

pp =S (8)
ail

Following Pinski and Narin (1976), we refer to timelicator in Equation 8 as the

influence per publication indicator. Theoreticaludies of the influence weight

indicator and the influence per publication indozatan be found in papers by Geller
(1978), Palacios-Huerta and Volij (2004), and Sesré2004). In the last two papers,
the influence per publication indicator is refertedas the invariant method.

In Appendix A, we show that the influence per padtion indicator does not have
the property of insensitivity to field differencesiowever, the influence per
publication indicator does have another interestprgperty, referred to as the
property ofinsensitivity to insignificant journalsTo see this, consider the following
example. There are = 8 journals. Each journal publishes 100 artigfegach time
period. Hencea; = & = 100 fori = 1, ...,n. The journal citation matri = [c;] is
shown in Table 1. Based on this matrix, two fietds be distinguished. One field
consists of journals 1, 2, 3, and 4. The othedfansists of journals 5, 6, 7, and 8. A
distinction can also be made between frequentgdgiburnals and infrequently cited
journals. Journals 1, 2, 5, and 6 are frequentldgiwhile journals 3, 4, 7, and 8 are
infrequently cited. In practice, it is almost impidse to have publication and citation
data for all infrequently cited journals in a fiel@ihis is because the coverage of
infrequently cited journals in bibliographic databa such as Web of Science and
Scopus is far from complete. Some infrequentlydcjtaurnals are covered by these
databases, but many others are not. To examinedhsequences of incomplete
coverage of infrequently cited journals, we looktab scenarios, scenario 1 and
scenario 2. In scenario 1, journals 1, ..., 8 arecallered by the bibliographic
database that we use. In scenario 2, journals 17 are covered while journal 8 is
not. For both scenarios, influence per publicatoores calculated using Equations 6,
7, and 8 are reported in Table 2. As can be seethantable, the influence per
publication scores of journals 1, ..., 7 are veryilsimin the two scenarios. This
demonstrates that the influence per publicationcatdr is rather insensitive to
incomplete coverage of infrequently cited journal§e therefore say that the
influence per publication indicator has the propet insensitivity to insignificant
journals.

computational reasons it is convenient if the systé linear equations is not only irreducible blsoa
aperiodic.



TABLE 1. Journal citation matrix. Rows correspondhweiting journals. Columns
correspond with cited journals.

Journal 1 2 3 4 5 6 7 8

1 1000 1000 10 10 100 100 1 1
2 1000 1000 10 10 100 100 1 1
3 1000 1000 10 10 100 100 1 1
4 1000 1000 10 10 100 100 1 1
5 100 100 1 1 1000 1000 10 10
6 100 100 1 1 1000 1000 10 10
7 100 100 1 1 1000 1000 10 10
8 100 100 1 1 1000 1000 10 10

TABLE 2. Journals’ influence per publication scoaesl audience factors.

Journal 1 2 3 4 5 6 7 8
IPP (scenario 1) 5.500 5.500 0.055 0.055 5,500 (6.500.055 0.055
IPP (scenario 2) 5.513 5.513 0.055 0.055 5490 (6.490.055

AF (scenario 1) 44.000 44.000 0.440 0.440 44.000 .00&¢  0.440 0.440
AF (scenario 2) 42.938 42.938 0.429 0.429 34.063 .06 0.341

What is the relevance of the property of insenigjtito insignificant journals?
This can be seen as follows. Suppose that instédlkdeoinfluence per publication
indicator the audience factor is used in the abexeemple. For both scenario 1 and
scenario 2, audience factors calculated using kHmsaB, 4, and 5 are reported in
Table 2. Comparing the two scenarios, it is cléwt the audience factor does not
have the property of insensitivity to insignificgatirnals. Due to the non-coverage of
journal 8 in scenario 2, journals 5, 6, and 7 hawestantially lower audience factors
in this scenario than in scenario 1. Journals B, 2nd 4 have only marginally lower
audience factors. Hence, the non-coverage of jbuBn@&n scenario 2 causes a
substantial decrease of the audience factors ohatsi 5, 6, and 7 relative to the
audience factors of journals 1, 2, 3, and 4. Tkalte reported in Table 2 demonstrate
that, when using an indicator that does not hawe gloperty of insensitivity to
insignificant journals, the score of a journal ieextain field may strongly depend on
the number of infrequently cited journals in thensafield that are covered by the
bibliographic database that one uses. This sengitiv infrequently cited journals
may be problematic when comparing scores of josrmaldifferent fields. If the
bibliographic database that one uses covers relgtiore infrequently cited journals
in one field than in another, journals in the fornfield have an advantage over
journals in the latter field.

We have now introduced two properties that biblitioeindicators of journal
performance may or may not have, namely the prgpeftinsensitivity to field
differences and the property of insensitivity teigmificant journals. It is important to
note that these two properties rule out each othet, is, an indicator cannot have
both properties. The following example shows tBigppose that an infrequently cited
journal is added to the bibliographic database thia¢ uses. The property of
insensitivity to insignificant journals then reqesr that, because the newly added
journal is infrequently cited, the scores of alhat journals remain more or less
unchanged. The property of insensitivity to fieldfatences, on the other hand,
requires that the average score of the journadsfiaeld remains unchanged. Hence, in



the field to which the newly added journal belonthge scores of all other journals
must increase somewhat (otherwise the newly ado@thal would cause a decrease
of the average score of the journals in the fidB#}sed on this example, it is clear that
insensitivity to field differences and insensityitto insignificant journals are
conflicting properties that cannot be satisfiechbattthe same time.

Eigenfactor

The Eigenfactor indicator (Bergstrom, 2007; Westlet in press) is a recently
proposed indicator of journal performance. The dgathr belongs to the family of
PageRank-inspired indicators. Eigenfactor scoresa darge number of journals,
calculated based on Web of Science data, are blailt www.eigenfactor.org
Eigenfactor scores can also be found in the Joubmaltion Reports of Thomson
Reuters. Various properties of the Eigenfactordattir are discussed by Franceschet
(in press-b). Below, we focus on the essential attaristics of the Eigenfactor
indicator. We ignore the way in which the Eigenéaandicator handles journal self
citations and so-called dangling nodes.

The Eigenfactor indicator is a parameterized indicaLet a [ [0, 1] denote the
parameter of the Eigenfactor indicator. The paramet similar to what is often
referred to as the damping factor parameter irPdgeRank literature. By default, the
Eigenfactor indicator useg equal to 0.85. This is also the default value fo# t
damping factor parameter in the PageRank algoritlifigenfactor scores are
calculated as follows (West, Althouse, Rosvall,d@mom, & Bergstrom, 2008; West
& Bergstrom, 2008; for an intuitive descriptiongs@est et al., in press). For each
journali, a valuep; is obtained by solving the following system ofglar equations:

_ P;Cii & -
p=ad 1 L+l-a)="— fori=1...,n 9)
Zj: S Zj a;,
Zpi =1. (10)

Using the valuep;, ..., pn, the Eigenfactor score of journak given by

P;C;

S

EF(a) = 1002_ (11)

Unlike for example the impact factor, the Eigendacindicator is a measure of a
journal’s total performance rather than of its ager performance per article. Hence,
the Eigenfactor indicator is size dependent. Ottiengs equal, a journal that

publishes twice as many articles has a twice as Bigenfactor score. Based on the
Eigenfactor score of journgla measure of journék average performance per article
can be obtained by

EF (@)

T (12)

Al;(a) =

% For a < 1, this system of linear equations always hasique solution. For = 1, the system of linear
equations has a unique solution if the journaticitematrixC = [c;] is irreducible.



The indicator in Equation 12 is referred to asartecle influence indicator.
The properties of the Eigenfactor indicator and #ntcle influence indicator
depend on the paramet@rWe study this dependence in the next section.

Relation of Eigenfactor with audience factor and influence weight

In the previous section, formal mathematical débns of the audience factor, the
influence weight indicator, and the Eigenfactorigador were provided. Using these
definitions, it is relatively easy to see the nelatbetween the three indicators.
However, we do not compare the indicators diregiyhh each other. This is because
the indicators are normalized in different ways.aflts, the audience factor is a
measure of a journal’'s average performance perarthe influence weight indicator
iIs a measure of a journal’'s average performancegierence, and the Eigenfactor
indicator is a measure of a journal’s total perfante. In this paper, we focus on
measuring a journal’'s average performance pedartitence, instead of the audience
factor, the influence weight indicator, and the dfitactor indicator, we compare the
audience factor, the influence per publication ¢athr, and the article influence
indicator. As discussed in the previous sectiossé¢hthree indicators all measure a
journal’'s average performance per article.

We first consider the relation between the articiduence indicator and the
audience factor. We assume that the number oflestibat journals publish either
remains stable over time or increases or decreagdhe same percentage for all
journals. Under this assumption, it turns out thithe Eigenfactor parametar
equals 0, the article influence score of a joursigroportional to the audience factor
of a journal® Hence, under the above assumption, the audient® fzan be regarded
as a special case of the article influence indrcatbis result is stated formally in the
following theorem.

Theorem 1. Let the number of articles published in a journal geriod T, be
proportional to the number of articles publishe@ ijurnal in periods, that is, leta;,
be proportional t@;. Furthermore, let the Eigenfactor parametdre equal to 0. The
article influence score of a journal is then prajporl to the audience factor of a
journal, that is, Ala) is proportional to AF

Proof. Let a = 0. It then follows from Equations 9, 11, andthat

Al (a) Daiz%cji . (13)
i1 ] i

It follows from Equations 3 and 4 that

a.
AF Diz—lzcji . (14)
&, Sj

Hence, ifa, O a,, thenAl, (a) O AF.. This completes the proof of the theorem.

® Two indicators are proportional if they differ kat most a multiplicative constant. For practical
purposes, indicators that are proportional careganded as identical.



We now consider the relation between the article infteeindicator and the
influence per publication indicator. It turns out thitthe Eigenfactor parameter
equals 1, the article influence score of a journalrgpeprtional to the influence per
publication score of a journal. Hence, the influencegblication indicator can be
regarded as a special case of the article influenceatuti This result is stated
formally in the following theorerf\.

Theorem 2. Let the Eigenfactor parameterbe equal to 1. The article influence score
of a journal is then proportional to the influence peblgation score of a journal,
that is, Al(a) is proportional to IPP

Proof. Let a = 1. It then follows from Equation 9 that

P;Cii
Pi =Z% (15)
J J

Equations 11 and 12 then imply that

Al (a)=r. (16)

&

Let g =IW,s . Equations 6, 7, and 8 can then be rewritten agectisely,

q;C;
4 =2 (17)
] i

—g‘:i :‘ =1, (18)

PP =9 (19)
a,

Comparing Equations 10 and 15 to Equations 17 andt 18 clear thatp, [l g;. It

then follows from Equations 16 and 19 that (o) O IPR. This completes the proof
of the theorem.

It follows from Theorems 1 and 2 that the article inflenaodicator can be
regarded as a kind of interpolation between the audiéaator and the influence per
publication indicator. The closer the Eigenfactor patemo is set to 0, the more the
article influence indicator behaves like the audieflactéor. The closer the Eigenfactor

* Geller (1978) pointed out that the indicators g by Pinski and Narin (1976) can be interpreted
in terms of Markov chain theory. This is the maisight needed to see the relation between thdeartic
influence indicator (as well as other PageRank-mespindicators) and the influence per publication
indicator.



parametera is set to 1, the more the article influence indicdiehaves like the
influence per publication indicator. We know from theeypous section that the
audience factor and the influence per publication aitdichave more or less opposite
properties. Under a relatively mild assumption, theenad factor has the property of
insensitivity to field differences. The audience factoesl not have the property of
insensitivity to insignificant journals. The influes@er publication indicator does
have the property of insensitivity to insignificant fjoals but does not have the
property of insensitivity to field differences. It is novear that the article influence
indicator allows one to make a trade-off between thegut@s of insensitivity to field
differences and insensitivity to insignificant journalSetting the Eigenfactor
parametera close to 0 gives more weight to the property of ingiertg to field
differences. Setting the Eigenfactor parametalose to 1 gives more weight to the
property of insensitivity to insignificant journals.

Empirical analysis

In the previous two sections, indicators of journal perforoe were studied
theoretically. We now turn to the empirical analydigoarnal performance indicators.
Like in the previous section, we only consider inthca that measure a journal’s
average performance per article. In addition to theemge factor, the influence per
publication indicator, and the article influence iradar, we also take into account the
impact factor. We pay special attention to the efté¢he Eigenfactor parameteron
the behavior of the article influence indicatdfor other papers in which PageRank-
inspired indicators of journal performance are studiedigcafly, we refer to Bollen
et al. (2006), Bollen, Van de Sompel, Hagberg, andt€if009), Davis (2008),
Falagas, Kouranos, Arencibia-Jorge, and Karageorgopd@@@8), Fersht (2009),
Franceschet (2010, in press-a), Leydesdorff (2009), -Ol@szas, de Moya-Anegon,
and Moed (2008), and West et al. (2009, in préss).

Our empirical analysis is based on the Web of Scidatabase. Only the sciences
and the social sciences are considered. The arts @mdnities are not taken into
account. We first collected all citations from articlasblished in 2008 to articles
published between 2003 and 200We then selected all journals that have at least
one incoming citation in each year between 200320@¥ and at least one outgoing
citation in 2008 In this way, we obtained a set of 6708 journals. Fmheof these
journals, we calculated six performance measures, nathelyimpact factor, the
audience factor, and the article influence score for fdterdnt values (0, 0.5, 0.85,
and 1) of the Eigenfactor parameter We did not calculate the influence per
publication score of a journal. This is because, acegr Theorem 2, influence per
publication scores are perfectly correlated with artiofeieénce scores calculated for
a equal to 1. In order to keep the analysis as traaapas possible, we calculated all

® This is similar to the work of Ding, Yan, Fraztemd Caverlee (2009). Notice, however, that Ding et
al. study authors rather than journals and that fbeus on measuring total performance rather than
average performance per article.

® Davis (2008) and Fersht (2009) compare indicatoas measure a journal’s total performance. West
et al. (2009) criticize this approach and explaimyit is better to compare indicators that measure
journal’s average performance per article. Bollemle{2006), Davis (2008), and Franceschet (2010)
compare indicators of total performance with intica of average performance per article. It is not
exactly clear to us how such comparisons shouidteepreted.

" We only took into account the document types leréind review.

® In addition, we required the journal citation mato be irreducible. This also led to the exclusif
some journals.



performance measures exactly according to the matheagecification provided
earlier in this paper. This means that we sometiteegated slightly from the way in
which indicators were originally proposed. For examplehe case of the audience
factor, we did not impose any restrictions on the weajha citation (unlike Zitt &
Small, 2008, p. 1859), and in the case of the ariidlaence indicator, we did not
ignore journal self citations (unlike West et al.080p. 1).

In Table 3, we report the Pearson and Spearman cornsdteiween the different
indicators of journal performance. The correlation betwienaudience factor and
the article influence indicator far equal to O is of special interest. It follows from
Theorem 1 that this correlation equals 1 under thengstson that the number of
articles that journals publish either remains stabkr dime or increases or decreases
by the same percentage for all journals. Of course, ictipeathis assumption does
not hold exactly. However, as can be seen in T&bleur empirical results still
indicate a very high correlation between the audidac®r and the article influence
indicator fora equal to 0. This correlation is also clearly visilld=igure 1, in which
the empirical relation between the two indicatorshieven. Based on Table 3 and
Figure 1, we conclude that for most practical purpdbestwo indicators can be
regarded as identical.

TABLE 3. Correlations between six indicators of journmdrformance. Pearson
correlations are reported in the lower left part of theetaBpearman correlations are
reported in the upper right part.

IF AF Al(0.00) Al(0.50) Al(0.85) AI(1.00)

IF 0.79 0.79 0.82 0.87 0.93
AF 0.87 0.98 0.98 0.92 0.77
Al(0.00) 0.88 0.99 0.99 0.93 0.77
Al(0.50) 0.92 0.98 0.99 0.97 0.84
Al(0.85) 0.93 0.90 0.91 0.97 0.93
Al(1.00) 0.91 0.76 0.79 0.87 0.96

10



34 .

30

24

151 & :

Audience factor

10 15
Article Influence score (o= 0.00)

FIG. 1. Relation between the article influence indicdbr a equal to 0 and the
audience factor.

Another thing to note in Table 3 is the very high catien between the article
influence indicator fora equal to 0 and the article influence indicator doequal to
0.5. This correlation is much closer to 1 than the tatice between the article
influence indicator foer equal to 0.5 and the article influence indicatordagqual to
1. Hence, the results presented in Table 3 indidae for higher values o# the
article influence indicator is more sensitive to changer than for lower values af.
For a mathematical explanation for this observationrefer to Langville and Meyer
(2006, Section 6.1).

In Figure 2, we show the empirical relations betweem fodicators, namely the
impact factor and the article influence indicator fwrequal to 0, 0.85, and 1.
(Relations for the audience factor and for the articleigrfte indicator forr equal to
0.5 are not shown. This is because these indicaterbah strongly correlated with
the article influence indicator far equal to 0.) Although the correlations reported in
Table 3 are all above 0.75, it is clear from Figure & the relations between most
indicators are not particularly strong. This can be sa@m better by excluding the
journals with the highest scores, as we do in Figul&'tsen high scoring journals are
excluded, relations between indicators can be rathak.we

For each of the four indicators considered in Figure 2 ligtein Table 4 in
Appendix B the 20 best performing journals. The resiitsvn in Table 4 make clear
that for high performing journals there can also be smbisi differences between
indicators. Comparing for example the article influemmbaator fora equal to 0 and
the article influence indicator far equal to 1, there turn out to be only two journals
that are in the top 10 for both indicators.

11
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Our empirical results show that the differences betweelicators of journal
performance are far from negligible. The results also stimat the Eigenfactor
parameterr has a quite large effect on the behavior of the aiitifleence indicator
(see especially Figure 3). Hence, based on our empamedysis, it can be concluded
that the study of different indicators is not merely @attetical interest but also has a
substantial practical relevance. We note that somperpgDavis, 2008; Fersht, 2009;
Leydesdorff, 2009) report strong relations between certaiicators, which may
seem to contradict our results. However, these papies docus on indicators of
total performance, for which it is not surprising to firttbeg relations (West et al.,
2009), or they rely heavily on Pearson correlation sc#sshown in our analysis,
high Pearson correlation scores may be somewhat misjeaahd should be
interpreted with special care.

Other indicators related to Eigenfactor

For completeness, in this section we briefly consider dther indicators of
journal performance that are related to the Eigenfactbcator. These indicators are
the weighted PageRank indicator proposed by Bollea.§2006) and the SCimago
Journal Rank indicator discussed by Gonzalez-Pereah €009). SClmago Journal
Rank scores of a large number of journals, calculateddbas Scopus data, can be
found atwww.scimagojr.comSCIimago Journal Rank scores are also reported in the
Scopus database. Like the Eigenfactor indicator, #igived PageRank indicator and
the SCimago Journal Rank indicator belong to the faroflyPageRank-inspired
indicators.
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Weighted PageRank scores are obtained by solvinfpllibaving system of linear
equations fo3 1 [0, 1] andy= 0O:

' :ﬂ;r:n +y2§;jl+(1—ﬁ—y)% fori=1...,n (20)
J

Zri =1. (21)

The weighted PageRank indicator is size dependahtnaasures a journal’s total
performance. SCImago Journal Rank scores are obtained steps. In the first step,
the above system of linear equations is solvedSfor 0 [0, 1] andfB + y< 1° By
default, 3 and yare set equal to 0.9 and 0.0999, respecti¥dly.the second step, for
each journai the SCIimago Journal Rank score is calculated by idiyid by a.
Since the SClmago Journal Rank indicator incorporategranalization for the
number of articles published in a journal, the indica@asures a journal’'s average
performance per article. We note that calculating SCimbBgonal Rank scores (or
weighted PageRank scores) i6r+ y< 1 has the effect that smaller journals are
favored over larger ones. This seems an undesirable efadt, we therefore
recommend choosingandyin such a way thaf+ y= 1.

Although the weighted PageRank indicator and the S@émJournal Rank
indicator seem quite similar to the Eigenfactor indicatthere is a subtle but
important difference. Choosing and yin such a way thaf + y= 1 and solving
Equations 20 and 21 does not yield Eigenfactor scadt@s.is due to Equation 11 in
the calculation of Eigenfactor scores. For this equatibare is no corresponding
equation in the calculation of weighted PageRankescor SClimago Journal Rank
scores. A consequence of this observation is thatb#tevior of the weighted
PageRank indicator and the SCimago Journal Rank iadican be quite different
from the behavior of the Eigenfactor indicator. Bor 1 andy= 0, a result similar to
Theorem 2 can be proven, which means that the weighdgeRank indicator and the
SClmago Journal Rank indicator reduce to the influemreppblication indicator of
Pinski and Narin (1976). However, fét= 0 andy = 1, there is no result similar to
Theorem 1. This means that there is no relation eiviee SCimago Journal Rank
indicator and the audience factor of Zitt and Small 800n fact, the SCimago
Journal Rank indicator becomes quite meaninglesg fob andy= 1. The indicator
simply has the same value for all journals.

Conclusions

In a recent report in which research assessment pralised on citation data are
critically discussed, it is stated that the “assuom® behind (the Eigenfactor
indicator) are not easy for most people to discern” &adl the “complexity (of the
Eigenfactor indicator) can be dangerous because the ffazallts are harder to
understand” (Adler, Ewing, & Taylor, 2009, p. 12). Theme valid concerns that
require serious attention. In this paper, we have adslteisese concerns by

°® The SClmago Journal Rank indicator uses differdtation windows in the numerator and the
denominator of the first term in Equation 20. Fongicity, we ignore this issue.

%1n an earlier version of the SCImago Journal Radicator, the default values gfand ywere 0.85
and 0.1, respectively.
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providing some new insights into the mechanics of Eigenfactor indicator. Most
importantly, we have shown the close relation of tige&factor indicator with the
audience factor (Zitt & Small, 2008) and the influemeeight indicator (Pinski &
Narin, 1976). We have also introduced two propertias Itibliometric indicators of
journal performance may or may not have. These arertipegiies of insensitivity to
field differences and insensitivity to insignificant joals. Based on the relation
between the Eigenfactor indicator, the audience faanod the influence weight
indicator, we have pointed out that the Eigenfaatdiicator (or, more precisely, its
normalized variant, the article influence indicator) iempents a trade-off between
these two properties. In this way, we have also bdda & give a concrete
interpretation to the parameter of the Eigenfactor indicakhe empirical analysis
that we have presented has shown that in practealifferences between various
indicators of journal performance are quite substantibls Turther illustrates the
importance of having a good understanding of the pregseofi different indicators.
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Appendix A: The property of insensitivity to field differences

In this appendix, we introduce the property of insevigptito field differences.
We study for different indicators of journal performance thbe they have this
property or not.

We first introduce the mathematical notation that \we. Buppose two fields can
be distinguished, field 1 and field 2. There aggournals in field 1,0, journals in
field 2, andn = n; + n, journals in totalJ; = {1, ..., ni} denotes the set of all journals
in field 1,J, = {n; + 1, ...,n} denotes the set of all journals in field 2, ahd J; 0 J,
denotes the set of all journals.denotes a positive matrix of sinex 2. Elements;
and a of A denote the number of articles published in jouinad, respectively,
periodsT; andT,. A satisfies

da,=>a,. (22)

i0J, i0d,

Hence, the number of articles published in field paéniod T; equals the number of
articles published in field 2 in peridd. C denotes the journal citation matrix. This is
a non-negative matrix of sizex n. Elementc; of C denotes the number of citations
from articles published in journalin periodT; to articles published in journalin
periodT;.

Using the above mathematical notation, the propeftynsensitivity to field
differences can be formally defined as follows.

Property 1. Letf denote an indicator of a journal’s average performaecearticle f
Is said to bensensitive to field differencésand only if

ZiDJ 3,1 (A.C) < Zimk 2,1 (A.C) ZiDJ 2, fi(A,C)

1-9) < <(@1+9) (23)
Zim &y ZiDJk & Zim &y
fork=1, 2, for allny, n,, A, andC, and for alld such that
> = (1-9)5 (24)

j0Jy
fork=1, 2 and for all O J..

Informally, the property of insensitivity to fieldlifferences has the following
interpretation. Suppose that there are two equstlgd fields and that each journal
gives away at most a fracti@hof its citations to journals that are not in itsrofield.
An indicator of journal performance is then saicbtinsensitive to field differences
if the average value of the indicator for eachdfiséparately deviates no more than a
fraction J from the average value of the indicator for ba#ids together. Hence, in
the case of two fields without any between-fieldston traffic, the property of
insensitivity to field differences implies that theerage value of an indicator is the
same for both fields.

It is easy to see that the impact factor is natnsgive to field differences. This is
not surprising, since it is well known that impé#attors of journals in different fields
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should not be directly compared with each othee Tdllowing theorem states that
under a relatively mild assumption the audienceofaof Zitt and Small (2008) is
insensitive to field differences.

Theorem 3. Let the number of articles published in a jouriralperiod T, be
proportional to the number of articles publishea@ ijournal in period;, that is, let;,
be proportional t@;;. The audience factor then is insensitive to faifterences.

Proof. We use the mathematical notation introduced at libginning of this
appendix. Let; be proportional t@y;, that is, let there exist a constapt- 0 such
thataj, = na;; for all i 0 J. Let 0 be chosen in such a way that Equation 24 is sadisf
for k=1, 2 and for ali O Ji. It follows from Equations 3 and 4 that

ZiDJk AR - rnSZiDJk ij 2;,C; /Si

Doy, B PN .
Equation 24 implies that
(1-9)s;<Dc;<s, (26)
i03
if j O Jkx and that
0< > c <% (27)
i03
if j 0 J\ J. Combining Equations 25, 26, and 27 yields
(1_5)”‘szjmkajz - ZiDJkaﬂAFi - %ijkajz +&r’szjuJ\Jkajz e

ZiDJk & B ZiDJk & B ZiDJk &

Taking into account tha;, is proportional ta;, it follows from Equations 22 and 28
that

Yo, AR
(L-d)m, < Z—a < L+ d)m. (29)
inJ, i1
It can further be seen that
_a,AF
—Zz . (30)
0y il

Equations 29 and 30 imply that
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- AF _ L AR AF
zim auAFu < Zkaaﬂ i < (1+5)Zim a11AF| _ (31)

Zimaﬂ B Zimkaﬂ Zimail

Hence, Equation 23 is satisfied, which means thaatidience factor has Property 1.
This completes the proof of the theorem.

1-9)

The influence per publication indicator of Pinskdadwarin (1976) is not insensitive to
field differences. This is stated in the following theore

Theorem 4. The influence per publication indicator is not ingé@we to field
differences.

Proof. We prove the theorem by means of a counterexample. ugé the
mathematical notation introduced at the beginninthsf appendix. Leb; = n, = 1,
let

100 100]

= , (32)
100 100
999 1]

= , (33)
3 997

and leto= 0.003. Equation 24 is then satisfied kor 1, 2 and for all O Ji. It follows
from Equations 6, 7, and 8 that

o, 21lPR _a,IPP
2, APR =15>1o.03=(1+5)—z'ma‘1 - (34)

ZiDJl & Zim &

Hence, Equation 23 is not satisfied, which means ttie influence per publication
indicator does not have Property 1. This completegithef of the theorem.

The proof of Theorem 4 illustrates an important problemth& influence per
publication indicator. When there are two fields ameré¢ is almost no citation traffic
between the fields, influence per publication scoresime extremely sensitive to the
exact number of times one field cites the other ($&® West et al., 2008, p. 3). In
other words, the influence per publication indicatordoees unstable when the
journal citation matrix is almost reducible. This perhlis also discussed by Serrano
(2004). For a thorough mathematical treatment of #8si@ for PageRank-inspired
indicators (of which the influence per publication gator can be seen as a limit
case), we refer to Langville and Meyer (2006, Sectidh 6
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Appendix B: Best performing journals

TABLE 4. The 20 best performing journals according torfmdicators of journal

performance.
Journal IF Journal Al(0.00)
Annual Review of Immunology 37.7 Reviews of Moderry$ibs 16.5
CA-A Cancer Journal for Clinicians 37.4 CA-A Cancer dalifor Clinicians 14.7
Reviews of Modern Physics 31.8 New England Jourh®leicine 12.0
New England Journal of Medicine 29.5 Annual Revidwmamunology 10.2
Physiological Reviews 29.3 Materials Science & Engiing R- 9.6
Reports
Annual Review of Biochemistry 27.7 Physiological Rewse 9.3
Nature Reviews Cancer 27.0 Chemical Reviews 9.0
Nature Reviews Immunology 26.5 Annual Review of Biouolstry 8.4
Nature Reviews Molecular Cell 26.5 Nature Reviews Cancer 8.0
Biology
Annual Review of Neuroscience 249 Nature Materials 8.0
Chemical Reviews 23.9 Progress in Materials Science 9 7
Cell 22.3 Progress in Polymer Science 7.8
Annual Review of Cell and 21.1 Nature 7.6
Developmental Biology
Nature 21.1 JAMA-Journal of the American 7.5
Medical Association
Nature Reviews Neuroscience 20.9 Annual Review ofrdsamience 7.5
Nature Immunology 20.5 Nature Reviews Molecular Cell 7.5
Biology
Nature Medicine 20.3 Science 7.3
Science 20.0 Nature Reviews Immunology 7.3
Nature Genetics 18.7 Surface Science Reports 7.0
Endocrine Reviews 18.4 Annual Review of Fluid Mechani 6.5
Journal Al(0.85) Journal Al(1.00)
Annual Review of Immunology 22.0 Annual Review of Inmology 33.3
Reviews of Modern Physics 20.5 Annual Review of Biooistry 27.4
Annual Review of Biochemistry 18.2 Cell 26.5
Nature Reviews Molecular Cell 16.9 Nature Reviews Molecular Cell 26.1
Biology Biology
Cell 16.8 Annual Review of Neuroscience 24.8
Annual Review of Neuroscience 16.7 Annual Review ell @d 22.5
Developmental Biology
CA-A Cancer Journal for Clinicians 16.0 Nature Reviéwsunology 21.8
Nature Reviews Immunology 14.7 Nature Immunology 620.
New England Journal of Medicine 14.6 Nature Gesetic 20.0
Nature 14.4 Annual Review of Astronomy and 19.8
Astrophysics
Annual Review of Cell and 14.3 Nature 19.7
Developmental Biology
Physiological Reviews 13.7 Reviews of Modern Physics 194
Nature Reviews Cancer 13.6 Nature Reviews Cancer 19.0
Nature Genetics 13.4 Physiological Reviews 18.8
Science 13.3 CA-A Cancer Journal for Clinicians 18.0
Nature Immunology 13.1 Science 17.3
Quarterly Journal of Economics 12.6 Nature Reviewarmdscience 17.0
Nature Reviews Neuroscience 11.8 New England Joofridkedicine 16.9
Nature Medicine 10.8 Nature Cell Biology 15.3
Nature Materials 10.4 Immunity 15.2
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