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A percentile-based bibliometric indicator is anigador that values publications based on theirtfosi
within the citation distribution of their field. Bhmost straightforward percentile-based indicatahe
proportion of frequently cited publications, forstance the proportion of publications that belong t
the top 10% most frequently cited of their fieldedgntly, more complex percentile-based indicators
were proposed. A difficulty in the calculation ofrpentile-based indicators is caused by the discret
nature of citation distributions combined with fresence of many publications with the same number
of citations. We introduce an approach to calcotatpercentile-based indicators that deals with this
difficulty in a more satisfactory way than earlagwproaches suggested in the literature. We shav in
formal mathematical framework that our approacti$e® indicators that do not suffer from biases in
favor of or against particular fields of science.

1. Introduction

Traditionally, when using citation analysis to assthe impact of the work of for
instance a research group, a university, or a gduthe main indicator is the average
number of citations per publication, preferablyhwé normalization that corrects for
differences in citation behavior between scientifields. However, citation
distributions tend to be highly skewed, and theethe average number of citations
per publication may be strongly influenced by omeadew publications with a very
large number of citations (e.g., Waltman et al.prass, Section 4.1). This is often
considered undesirable. For this reason, more and attention is paid to alternative
citation-based impact indicators. One class ofriédtive indicators is based on the
idea of looking at the position of a publicationtmm the citation distribution of its
field rather than at the actual number of citatiohs publication. The position of a
publication within the citation distribution of itSeld is expressed in terms of a
percentile of the citation distribution. In this gea, our focus is on this class of
alternative indicators. The indicators are refetie@ds percentile-based indicators in
this paper.

A simple commonly used percentile-based indicater the proportion of
frequently cited publications (Tijssen, Visser, &iVLeeuwen, 2002; Van Leeuwen,
Visser, Moed, Nederhof, & Van Raan, 2003). Thisdatbr, which we refer to as the
PRopx% indicator, calculates the proportion of the pudtiicns of for instance a
research group that belong to the t®6 most frequently cited of their field. The
focus is often on the top 10% most frequently ciprdblications of a field (e.g.,
Bornmann, De Moya Anegoén, & Leydesdorff, 2012; Welh et al., in press), in
which case one obtains the&Rowindicator. Of course, instead of the top 10%, one
could also look at for instance the top 1%, top &%6,5%, or top 20% (e.g., Lewison,



Thornicroft, Szmukler, & Tansella, 2007; Nationali€&ce Board, 2012). Recently,
more complex percentile-based indicators have h@eposed (e.g., Leydesdorff,
Bornmann, Mutz, & Opthof, 2011).

A difficulty in the calculation of percentile-baseddicators is caused by the
discrete nature of citation distributions. Suppts in a particular field there are 105
publications: 94 without citations, 1 with 10 citats, and 10 with 20 citations each.
Which of these publications belong to the top 10&snirequently cited of the field?
Clearly, the 10 publications with 20 citations bejao the top 10%. But what about
the publication with 10 citations? If this publimat is counted as a top 10%
publication, we in fact have 11 / 105 = 10.48% 1886 publications. Conversely, if
this publication is not counted as a top 10% puaiiin, we have 10 / 105 = 9.52%
top 10% publications. In other words, because @f discrete nature of citation
distributions, it is often not possible to exaatlgfine the top 10% most frequently
cited publications of a field.

Usually, there are multiple publications in a figktht have the same number of
citations. The presence of such ‘ties’ may aggethé above problem. To see this,
consider again a field with 105 publications. Thime there are 90 publications
without citations, 10 publications with 10 citatiorach, and 5 publications with 20
citations each. If the publications with 10 citaso are counted as top 10%
publications, we end up with 15/ 105 = 14.29% 16p6 publications. Conversely, if
the publications with 10 citations are not coungsdtop 10% publications, we have
only 4.76% top 10% publications. Clearly, both ames are unsatisfactory. The
problem becomes especially serious when making adsgns between fields. If in
one field we have 12% top 10% publications whil@iother field we have only 8%
top 10% publications, the RP1o% indicator would be strongly biased. A research
group active in the former field would be favoreceoa research group active in the
latter field.

Our aim in this paper is to introduce an approachalculating percentile-based
indicators that deals with the discrete natureitaftion distributions and the presence
of ties in a proper way. The approach that we thio® leads to indicators that do not
suffer from biases in favor of or against particiflalds. In the case of the Bfiow
indicator, our approach ensures that in each fieddhave exactly 10% top 10%
publications.

The organization of this paper is as follows. Fiist Section 2, we briefly
illustrate the empirical relevance of the probldrattwe study. Next, in Section 3, we
provide an overview of a number of approachestibae been suggested to calculate
percentile-based indicators. In Section 4, we dioe an alternative approach and
argue that this approach is preferable over theoaghes proposed in earlier research.
Finally, in Section 5, we present our alternativepraach in a more formal
mathematical framework. We note that the discussidBections 2, 3, and 4 focuses
on one specific percentile-based indicator: ThgyRf3,indicator. Section 5 relates to
percentile-based indicators in general.

2. Some empirical context

To get some insight into the empirical relevancehaf problem studied in this
paper, let us have a look at some real-world oiatistributions. For seven fields
(i.e., subject categories) in the Web of Sciendalttese, we collected all publications
of the document typarticle that appeared in 1999. For each publication, wantsal
the number of citations received by the end of 2d@dle 1 reports for each field the
top 10% threshold, calculated as the 90th pereenfilthe citation distribution of the



field.! In addition, the table reports for each field pieecentage of publications whose
number of citations is below the top 10% thresheldictly at the threshold, or above
the threshold. As can be seen, the percentage ldications below the threshold
varies between 86.9% and 90.0%, while the percentdgpublications above the
threshold ranges from 9.6% to 10.0%. Between 0.48636% of the publications in
a field are exactly at the threshold. As is to kpeeted, this percentage is highest in
fields with a relatively low citation density. Inable 1, these are the fields of
economics and mathematics.

Table 1. Percentage of the publications in a fielthse number of citations is below,
exactly at, or above the top 10% threshold.

i 0, 0, 0,
Field No. pub. No. cit. at % pub. below 0% pub. at % pub. above

threshold threshold threshold threshold
Biochemistry & 42,749 39 90.0 0.4 9.6
molecular biology
Cardiac & cardiovascular 10,885 29 89.6 05 98
systems
Chemistry, analytical 13,675 17 89.0 11 9.9
Economics 7,580 9 88.6 1.6 9.8
Mathematics 12,680 5 86.9 3.6 9.6
Physics, applied 26,562 14 89.1 1.0 9.9
Surgery 21,288 15 88.9 1.1 10.0

3. Overview of different approaches to calculating percentile-based
indicators

In this section, we provide an overview of a numbleapproaches to calculating
percentile-based indicators. These approaches lhese suggested in earlier papers.
To illustrate the different approaches, we usexamgple already introduced above. In
this example, there is a field with 105 publicaipQ0 without citations, 10 with 10
citations each, and 5 with 20 citations each. Weidoon the PR, 10%indicator, so our
interest is in publications that belong to the ¥ of their field. Clearly, in our
example, the 90 publications without citations @d pelong to the top 10% of their
field, while the 5 publications with 20 citation® delong to the top 10%. The
difficulty is in the way in which the 10 publicatie with 10 citations should be
handled. We therefore pay attention mostly to tlhpes#ications.

We first discuss the approach proposed by Leydéseoral. (2011Y In this
approach, for each publication a correspondingguile is determined. This is done
based on the number of publications with fewerticites than the publication of
interest. In our example, there are 90 publicatiwith fewer than 10 citations. The
publications with 10 citations therefore have patite 90 / 105 = 85.7 (or 86, when
rounded to an integer, as suggested by Leydeselodif), which means that they are

! The 90th percentile of a citation distributiomist always clearly defined. For instance, in adfieith

10 publications, 9 without citations and 1 withditations, it is not immediately clear whether 8Gth
percentile equals 0 or 10 (or perhaps even S5)i@itst However, due to the presence of a lot ofities
real-world citation distributions, there were naclswdifficulties in the calculation of the top 10%
thresholds reported in Table 1.

2 The approach proposed by Leydesdorff et al. (2@idlds on an earlier paper by Bornmann and
Mutz (2011). Some variants of and alternativeshodpproach of Leydesdorff et al. are discussed by
Leydesdorff and Bornmann (2011, in press), Rousé2@ul, 2012), and Schreiber (in press). We will
discuss the proposals of Rousseau and Schreikenlatn this section.



not counted as top 10% publications. Hence, we loale5 / 105 = 4.76% top 10%
publications.

We now consider the approach proposed by PudovkinGarfield (2009). Like
in the approach of Leydesdorff et al. (2011), acestile is determined for each
publication. However, the way in which this is doisedifferent. In the case of
multiple publications with the same number of amas, Pudovkin and Garfield put
the tied publications in a random order and cateutheir average percentile. This
average percentile is then attributed to all tlee publications. In our example, the
publications with 10 citations have percentiles/ 105 = 86.7, 92 / 105 = 87.6, ...,
100 / 105 = 95.2, which yields an average percznfil91.0. Because 91090, the
publications with 10 citations are counted as bgilogp to the top 10% of their field,
and we end up with 15/ 105 = 14.29% top 10% pakbos.

Another approach is taken in the Scimago InstingiRankings (Bornmann et al.,
2012). In this approach, the set of top 10% pubbca is defined in such a way that it
always includes at least 10% of the publications ifield. This means that in our
example the publications with 10 citations are t¢ednas top 10% publications.
Hence, like in the approach of Pudovkin and Gaifig009), we have 15 / 105 =
14.29% top 10% publications. The approach takenthm Scimago Institutions
Rankings is equivalent to the approach proposefdusseau (2011, 2012).

In the Science and Engineering Indicatomsport of the National Science Board
(2012), the approach that is taken is exactly opgpds the approach of the Scimago
Institutions Rankings. In the National Science Bloapproach, the set of top 10%
publications is defined in such a way that it al&/agcludes at most 10% of the
publications in a field. Clearly, in our exampleistapproach yields 5/ 105 = 4.76%
top 10% publications. The National Science Boargraqach is equivalent to the
approach of Leydesdorff et al. (2011) discussed@bo

All approaches discussed until now fail to produeeactly 10% top 10%
publications. Moreover, using these approaches, dbgree to which top 10%
publications are over- or underrepresented is kel differ across fields and over
time. This decreases the accuracy of inter-field amertemporal comparisons. We
now discuss two approaches that address this pnoble

Recently, one of us proposed an approach that tbenboils down to
abandoning the binary distinction between publ@aithat belong to the top 10% of
their field and publications that do not belonghe top 10% (Schreiber, in press). In
the proposed approach, publications may belonghéo top 10% with a certain
fraction. Like in the approach of Pudovkin and Gddf (2009), publications with the
same number of citations are put in a random otdewever, unlike Pudovkin and
Garfield’s approach, no average percentile is ¢aled for tied publications. Instead,
the following three steps are taken:

1. For each tied publication, a percentile is cal@adafThis is done based on the

(random) order in which the tied publications wpue.

2. Based on each publication’s percentile, the prapomf the tied publications

belonging to the top 10% of their field is calcelat

3. Each tied publication is counted as belonging &ttp 10% of its field with a

fraction equal to the proportion calculated in 2ep

We use our example to illustrate this approach. gutdications with 10 citations
have percentiles 90/ 105 =85.7, 91/ 105 = 86,99/ 105 = 94.31t follows that 5

% Schreiber (in press) calculates the percentike piiblication in a slightly different way than Puéin
and Garfield (2009). In the calculation of the patile of a publication, Pudovkin and Garfield unbé



of the 10 publications belong to the top 10%, yieida proportion of 5/ 10 = 0.5.
Hence, a fraction of 0.5 of each of the publicatiovith 10 citations is counted as
belonging to the top 10%. Taking into account thpublications with 20 citations,
this results in (0.% 10 + 5) / 105 = 9.52% top 10% publications.

As the example makes clear, the approach propos&dHreiber (in press) comes
closer to having 10% top 10% publications. Nevdebg Schreiber’'s approach still
does not produce exactly the right proportion @f 10% publication$.

An alternative approach has been in use for a nuwiogears at the institute with
which one of us is affiliated, the Centre for Scemand Technology Studies of Leiden
University. This approach is briefly explained byarV Leeuwen, Visser, Moed,
Nederhof, and Van Raan (2003). Similar approachesuaed by Colliander and
Ahlgren (2011) and Lewison et al. (2007).

In this approach, a threshold is chosen and alligatibons whose number of
citations is at least equal to the threshold aresiciered to belong to the top 10% of
their field. The threshold is chosen in such a ey the over- or underrepresentation
of top 10% publications is as small as possibleveXieless, there will usually be an
over- or underrepresentation. A normalization isdug correct for this. To illustrate
the normalization, we again use our example. Theallsst over- or
underrepresentation of top 10% publications isiabthby choosing a threshold of 10
citations. There are 15 publications that meet timsshold, resulting in 15 / 105 =
14.29% top 10% publicatiorisThis means that there are 14.29% / 10% = 1.426stim
as many top 10% publications as there should bethétefore need a normalization
factor of 1 / 1.429 = 0.700. Let us now considereaearch group that has 9
publications without citations and 1 publicationtlwi20 citations. Without the
normalization, this research group has 1 / 10 = 1§3%610% publications. Hence, the
conclusion would be that in terms of top 10% pudiimns the group has exactly an
average performance. However, using the normadizathe group has only 0.760
10% = 7.00% top 10% publications, which shows thatgroup in fact has a below
average performance. The difference between tltmés obtained with and without
the normalization is due to the overrepresentatbriop 10% publications. As a
consequence of this overrepresentation, the outcarhtained without the
normalization is too positive. We note that themalization is defined in such a way
that applying it to the field as a whole yields etk 10% top 10% publications.

The approach discussed above produces exactly Dpp6el®% publications,
thereby allowing for accurate inter-field and im¢é@nporal comparisons. However, the
approach has another property that we consideratssctive. To see this, suppose
that in our example one of the publications with di€ations is replaced by a
publication with 9 citations. The threshold themegns at 10 citations, but instead of
15 there are only 14 publications that meet thestwold. This results in 14 / 105 =
13.33% top 10% publications and, consequently,renabization factor of 10% / (14 /
105) = 10% / 13.33% = 0.750. Using this normal@atfactor, the research group

the publication of interest in the numerator. Sidee does not include this publication in the
numerator.

* Including the publication of interest in the numier of the percentile calculation, as is done by
Pudovkin and Garfield (2009), would not solve thisblem. The percentiles would range from 91 /
105 = 86.7 to 100 / 105 = 95.2, so that 6 publw=tiwith 10 citations would belong to the top 10%,
resulting in (0.6x 10 + 5) / 105 = 10.48% top 10% publications. Hemwee again do not have exactly
the right proportion of top 10% publications.

® Setting the threshold at 11 citations would yiefdy 5 / 105 = 4.76% top 10% publications, which is
further away from the desired 10% than the 14.2®%ioned using a threshold of 10 citations.



considered above has 0.78010% = 7.50% top 10% publications, an increase of
0.50% compared with the original situation. Whatesoasider counterintuitive is that
changing the number of publications that are eyaattthe threshold affects a research
group that itself does not have any publicationthatthreshold. In other words, the
‘value’ of a research group’s frequently cited pediions may increase or decrease as
a conseqguence of changes that take place elseimhthiecitation distribution.

We have a similar but more extreme situation ifaad of replacing a publication
with 10 citations by a publication with 9 citatiotisere is a change in the other
direction. Suppose that of the 10 publications with citations 2 are replaced by
publications with 11 citations. The threshold theoreases from 10 to 11 citations,
and the number of publications that meet the tlulesklecreases from 15 to 7,
yielding 7 / 105 = 6.67% top 10% publicatidhas a consequence, the normalization
factor increases from 0.700 to 10% / (7 / 105) $6106.67% = 1.500. Using the
increased normalization factor, the research gomnsidered above has 1.5800%
= 15.00% top 10% publications. This percentage asenthan twice as high as in the
original situation, in which the group had only 0% top 10% publications.
Paradoxically, the research group has benefiteah fam increase in the number of
citations to publications that are not its own.sTisi clearly counterintuitive.

4. Alternative approach to calculating percentile-based indicators

We now discuss an alternative approach to calcgaiercentile-based indicators.
This approach produces exactly 10% top 10% pulbicatand does not have the less
attractive property discussed at the end of theigue sectior.Like the approach of
Schreiber (in press), our alternative approach topablications as belonging to the
top 10% of their field with a certain fraction. Hewer, the way in which this fraction
is determined is different from Schreiber's appfoaé/e note that the alternative
approach is already in use in the most recentoeditf the Leiden Ranking, a
university ranking based on bibliometric indicattrat is produced by the Centre for
Science and Technology Studies of Leiden Univer§ialtman et al., in press;
www.leidenranking.com

We again consider our example of a field with 1Q#blgations: 90 without
citations, 10 with 10 citations each, and 5 withci@tions each. Using this example,
our approach can be explained as follows. Eachefl05 publications represents 1 /
105 = 0.952% of the citation distribution of theldi, as visualized in the third row of
Figure 1. Hence, together the 90 publications withmtations represent 900.952%
= 85.71% of the citation distribution, the 10 pabtions with 10 citations represent
10 x 0.952% = 9.52% of the citation distribution, are t5 publications with 20
citations represent $0.952% = 4.76% of the citation distribution. Thésndicated in
the fourth row of Figure 1. We are interested i ttop 10% of the citation
distribution, highlighted in the first row of Figairl. Clearly, the 5 publications with
20 citations belong to the top 10%, while the 9Blmations without citations do not.
What about the 10 publications with 10 citationd®egde publications are assigned
fractionally to the top 10% in such a way that vel @p with exactly 10% top 10%
publications. The 5 publications with 20 citatiarwwer almost half (4.76%) of the top
10% of the citation distribution. The other half2%%) needs to be covered by the 10

® Keeping the threshold at 10 citations would yi&fd/ 105 = 14.29% top 10% publications, which is
further away from the desired 10% than the 6.67%iobd using a threshold of 11 citations.

" This alternative approach was already briefly rimevetd by Schreiber (in press), but Schreiber did no
investigate it further. See also the reply to Sideeby Leydesdorff (in press).



publications with 10 citations. To accomplish thibe segment of the citation
distribution covered by publications with 10 citats needs to be split into two parts,
one part covering 5.24% of the distribution, thleotpart covering the remaining
9.52% — 5.24% = 4.29%. The part that covers 5.24%he distribution is then
considered to belong to the top 10% of the distidou The other part belongs to the
bottom 90% of the distribution. Splitting the segmef the distribution covered by
publications with 10 citations is done by assigngagh of the 10 publications to the
top 10% with a fraction of 5.24% / 9.52% = 0.550this way, we obtain exactly 10%
top 10% publications, since (0.580L0 + 5) / 105 equals exactly 10%.

PP(top 10%)

R(6)

105 papers

example

first modification

second modification

835 B4 85 86 87 83 89 90 91 92 93 94 95 96 97 93 99 100
Percentile

Figure 1. Percentile intervaksfor the PRy 10% indicator (first row) and for the R(6)
indicator of Leydesdorff et al. (2011) (second r@my publication intervals for the
105 publications in our example. First each puliicais shown separately (third
row), then intervals comprising publications wittetsame number of citationsre
shown (fourth row), and finally the two scenariascdssed in the text are indicated:
The scenario in which 1 publication has 9 rathanthO citations (fifth row), and the
scenario in which 2 publications have 11 rathenth@ citations (sixth row). Vertical
lines indicate the boundaries of the standard ¥J@emtile intervals. Note that only
the upper end of the percentile scale is plotteatesthe lower part is not interesting
for the discussion. So in the second row only thef6 percentile intervals are shown,
and in the third row only 18 of the 105 publicasare indicated.

To illustrate the calculation of the Bfios indicator using our above-discussed
approach, let us first consider the same reseaminpgas we did at the end of the
previous section. This group has 9 publicationsheuit citations and 1 publication
with 20 citations. Publications with 20 citationdly belong to the top 10% of the
citation distribution, and therefore the group kas10 = 10% top 10% publications.
Suppose now that there is a second research grbigh Was 9 publications without
citations and 1 publication with 10 citations. Besa publications with 10 citations
belong to the top 10% of the citation distributieith a fraction of 0.550, this group
has 0.550 / 10 = 5.50% top 10% publications.

Like in the previous section, suppose now that um example one of the 10
publications with 10 citations is replaced by a |mation with 9 citations. This
scenario is visualized in the fifth row of Figure Following the calculations shown
above, we find that the fraction with which the sening 9 publications with 10
citations are assigned to the top 10% of the oradiistribution increases from 0.550



to 5.24% / (9% 0.952%) = 0.611. This increase does not affectfwst research
group, since this group does not have any pubtinativith 10 citations. It does affect
our second research group. The proportion of top Jublications of this group
increases from 5.50% to 6.11%.

Now consider the other scenario introduced in thevipus section: Of the 10
publications with 10 citations, 2 are replaced plcations with 11 citations (as
indicated in the last row of Figure 1). In this sago, we have 7 publications with 11
or more citations, representing ¥ 0.952% = 6.67% of the citation distribution.
Consequently, the 8 remaining publications withcit@tions are assigned to the top
10% with a fraction of (10% — 6.67%) / €0.952%) = 0.438. This is a decrease in
comparison with the original situation, in whichijtizsations with 10 citations were
assigned to the top 10% with a fraction of 0.550isTdecrease does not affect our
first research group. It affects only our seconskasch group, whose proportion of
top 10% publications decreases from 5.50% to 4.38%.

The above two scenarios illustrate a nice propeftyur approach to calculating
percentile-based indicators: A (small) change ia tumber of citations of one or
more publications that are exactly at the top 10fedshold affects only research
groups that have publications at the thresholde&e& groups without publications
at the threshold are not affected. Contrary toagmgroach discussed at the end of the
previous section, it is not possible for a resegmup to benefit from an increase in
the number of citations to publications that areitsoown.

5. Formal mathematical framework

Until now, our focus has been on one specific pdileebased indicator: The
PRop 10% indicator. In this section, we explain how our eggzh discussed in the
previous section can be used more generally fopangentile-based indicator. To do
so, we need a more formal mathematical framework.

Let O =pp <p:1 < ... <pn = 1 denote the boundarieshipercentile intervals, where
N > 2. The first interval isgo, p1], the second interval ip], p], etc. Lets; <s, < ... <
sy denote the scores associated with Khmtervals. Informally, the calculation of a
percentile-based indicator can be summarized &s\foi

1. For each publication of for instance a researclugrdetermine the percentile

interval [px- 1, p] to which the publication belongs.

2. Determine the scors of each publication based on the percentile iatelw

which the publication belongs.

3. Calculate the average score of all publications.

We emphasize that the above steps provide onlynéormal summary of the
calculation of a percentile-based indicator. In @heve steps, it is assumed that there
is no ambiguity in determining the percentile imtdrto which a publication belongs.
As we have seen earlier in this paper, this assompften does not hold.

Table 2. Parameter values for the R(6) indicatdreyfdesdorff et al. (2011).

k 0 1 2 3 4 5 6
Px 000 050 075 090 095 099 1.00
S« 1 2 3 4 5 6

Before formally defining our approach to calculgtipercentile-based indicators,
we briefly mention two special cases of our geneyercentile-based indicator
introduced above. The first special case is thgpPf, indicator. This indicator is
obtained by settingl = 2,p; = 0.9,5 = 0, ands; = 1. The second special case is the



R(6) indicator discussed by Leydesdorff et al. @0The R(6) indicator is obtained
by settingN = 6 and by choosing the valuesgof p1, ..., ps ands,, S, ..., Ss listed in
Table 2.

To formally define our approach to calculating Eerie-based indicators, we
need some additional mathematical notation.d.eenote the number of publications
in a particular field that have citations, and le; denote the proportion of the
publications that have fewer thanitations. Henceg, can be written as

zlj_:lo C;
ZTzo CJ

Note that the length of the intervat,[q; + 1] equals the proportion of the publications
in a field with exactly citations.

We now consider the score of a publication withtations, denoted b§. In some
cases, publications withcitations fully belong to a single percentile mvi. The
score of a publication with citations then simply equals the score of the grtile
interval. In other cases, however, publicationwititations need to be fractionally
assigned to two or more percentile intervals. Bséhcases, the score of a publication
with i citations equals a weighted average of the scofdbke relevant percentile
intervals. To implement thi§ is defined as

a = 1)

S - 3 Oik
d &

S, » (2)
1041 — 0

where O denotes the overlap of the intervafk_ {1, pd and [g, gi+1], or more

formally,

Oik = max(min(pk , qi+1) - max(pk—l’ q; )’0) . (3)

If ¢ = 0, the numerator and the denominator in (2) leophal zero. In this cas§,is
not defined. The fraction®y / (gi+1 — q) in (2) are the fractions with which a
publication is assigned to different percentilemals. These are the fractions that we
discussed in the previous section. If therekda which [q;, g + 1] is enclosed bygk -
1, P, thenOi / (gi + 1 —q;) = 1. It then follows from (2) the = s.. If there is ndk for
which [qg;, g + 1] is enclosed bygk- 1, p, thenS equals a weighted average of two or
more scores;, S, ..., Sy, Where the weights are given by the fractiOfg (G +1—q)-
Given the scores of publications, the calculatiba percentile-based indicator is
straightforward. Letn; denote the number of publications of a researclumithat
havei citations. A percentile-based indicator for thee@rch group is calculated as

S
PBlz—z':"n -

> (4)



Hence, a percentile-based indicator simply equdls &average score of the
publications of the research gro?,lp.

What remains to be done is to show that percebtiked indicators calculated
using (4) behave properly. More specifically, wentva percentile-based indicator not
to have any biases in favor of or against partictields. In other words, when
calculating a percentile-based indicator for alblprations in a field taken together,
the same outcome should be obtained for each figkekpective of the particular
citation distribution by which a field is charagized.

Mathematically, to show that percentile-based iatlics calculated using (4)
behave properly in the above-defined sense, we teegetn; equal toc; in (4) and we
need to prove that the outcome of (4) does not e the citation distribution
given bycy, ¢, .... By substituting (1) into the denominator(®f, substituting (2) into
(4), and settingy =¢; in (4), we obtain after some simplification andriging

PBI :ZN: O,S, - (5)

00
k=1 i=0

It is not difficult to see that

Zoik = Py~ P (6)

i=0

In other words, the combined overlap of the intefpa_ 1, pJ with the intervals g,
ail, [O1, O], ... equals the length of the intervgk 1, py]. Substituting (6) into (5)
yields

PBI = i(pk = Py)S - ()

Eq. (7) does not depend on the citation distribugioven byco, ¢, .... It only depends
on the parametens, p1, ..., pn ands;, S, ..., Sv. This proves that our approach to
calculating percentile-based indicators leads thcators that behave properly and
that do not have any biases in favor of or aggasticular fields. Because of this, we
consider our approach preferable over other appesator which (7) does not hold,
like most of the approaches discussed in Section 3.
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