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This  paper  presents  an  empirical  analysis  of two  different  methodologies  for calculating
national  citation  indicators:  whole  counts  and  fractionalised  counts.  The  aim  of  our  study
is to investigate  the  effect  on  relative  citation  indicators  when  citations  to  documents  are
fractionalised  among  the  authoring  countries.  We  have  performed  two  analyses:  a time
series  analysis  of  one  country  and  a  cross-sectional  analysis  of  23  countries.  The  results
show  that  all  countries’  relative  citation  indicators  are  lower  when  fractionalised  counting  is
used.  Further,  the  difference  between  whole  and  fractionalised  counts  is  generally  greatest
for the  countries  with  the  highest  proportion  of  internationally  co-authored  articles.  In
our view  there  are  strong  arguments  in  favour  of  using  fractionalised  counts  to  calculate
relative  citation  indexes  at the  national  level,  rather  than  using  whole  counts,  which  is the
most  common  practice  today.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Citation indicators play a prominent role in the assessment of the competitiveness of national research systems. In
this paper we  will examine the methodological basis for such indicators, specifically the overall citation rate of a country
(average citation rate for all publications), which is usually interpreted as an indicator of a country’s general scientific
performance. This indicator is considered very important by many policymakers and has a great impact on public perception
of the comparative position of a nation’s research system. In this paper we  will demonstrate how two different methods of
calculating the relative citation index of a country – namely whole and fractionalised counting methods – affect the results,
and we will look at the conclusions that may  be drawn concerning national scientific impact. Although this study focuses
on citation indicators at the national level, the results are equally relevant for analyses at other levels, such as universities,
departments or research groups.
Over the years there have been many discussions concerning the methodological basis for national bibliometric indicators
(and indicators more generally). A prime example is the dispute about the “decline of British science” that appeared at the
end of the 1980s. In several papers Ben Martin and his colleagues at the Science Policy Research Unit (SPRU) showed that

� The article is based on results presented at the 11th International Conference on Science and Technology Indicators, Leiden University, The Netherlands,
8–11  September 2010.

∗ Corresponding author.
E-mail addresses: dag.w.aksnes@nifu.no (D.W. Aksnes), jws@iva.dk (J.W. Schneider), magnus.gunnarsson@vr.se (M. Gunnarsson).

1751-1577/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.joi.2011.08.002

dx.doi.org/10.1016/j.joi.2011.08.002
http://www.sciencedirect.com/science/journal/17511577
http://www.elsevier.com/locate/joi
mailto:dag.w.aksnes@nifu.no
mailto:jws@iva.dk
mailto:magnus.gunnarsson@vr.se
dx.doi.org/10.1016/j.joi.2011.08.002


t
T
r
d
c
w
e
“
l

f
t
s
r
o
I
k
(
a
t
h

i
B
o
p
(
i
&
i
i
b
L
L

b
fi
t

T
m
o
i
e
q
a
f
c
t

i
i
r
g
t

j
t
a
f
d

D.W. Aksnes et al. / Journal of Informetrics 6 (2012) 36– 43 37

he UK’s share of world publications decreased during the 1970s and the first half of the 1980s (Irvine, Martin, Peacock, &
urner, 1985). However, this conclusion was challenged by others who  argued that by using alternative methodologies a
ather different picture emerged (see e.g. Leydesdorff, 1988). The adequacy of different measurement principles was  heavily
ebated, for example with regard to the type of publications to be included and how to count papers involving international
o-authorship. The debate reveals that the bibliometric community at the time was  far from reaching consensus on the best
ay of measuring national scientific performance. In 1994 Martin concluded that there was  no simple way of unambiguously

stablishing the relative position of a country’s science system and whether that position is improving or deteriorating:
Instead we are confronted with a slightly bewildering mass of possible indicators, all of them imperfect to a greater or
esser extent” (Martin, 1994).

While the debate about the “decline of British science” focused on the measurement of publication output by whole and
ractional counting of author addresses, we are here turning to citations indicators. National citation indicators are based on
he set of publications that have at least one author address from a country. In the most basic version a national indicator is
imply calculated as the total number of citations of a country’s publications divided by the total number of publications. A
elative citation index is constructed by dividing this average by the corresponding worldwide average. This basic version
f the indicator can be found in standard bibliometric products produced by Thomson Reuters such as the National Science
ndicators (NSI). However, there are several problems related to calculating national citation indicators this way. It is a well-
nown fact that there are large differences in average citation rates among the various scientific disciplines and subfields
e.g. Hurt, 1987). Garfield (1979) used the term “citation potential” to describe this difference, referring to the fact that the
verage number of references per paper is significantly lower in for example mathematics than in biochemistry. Moreover,
here are significant differences in national scientific specialisation profiles (Glänzel, 2000). This means that countries with
igh relative publication activity in highly cited fields will have a comparative advantage.

Over the years various normalisation procedures have been developed for the construction of citation indicators; e.g.
nvolving reference standards based on journal and subfield averages (Schubert & Braun, 1986, 1996; Schubert, Glänzel, &
raun, 1988; Vinkler, 1986). The methodological principles underlying citation and publication indicators have been the topic
f extensive discussion. Recently we have seen a revitalisation of the debate concerning methods for measuring scientific
erformance bibliometrically. One issue of debate is the adequacy of various methods for calculating publication indicators
Gauffriau & Larsen, 2005). Another concerns the methodological basis for normalisations of citation indicators. Traditional
ndicators such as the “crown indicator” (citations per publication/field-based world average (CPP/FSCm)) (Moed, de Bruin,

 van Leeuwen, 1995; van Raan, 2000) correct for differences among fields by using existing classification schemes. An
ssue of debate is whether normalisation should be calculated at the aggregated level as a ratio of sums as in the crown
ndicator described above, or as a sum of ratios at the publication level, as suggested by Lundberg (2007) and more recently
y Opthof and Leydesdorff (2010).  It is interesting to note that the Centre for Science and Technology Studies (CWTS) at
eiden University has produced a new crown indicator based on normalisation at the publication level (Waltman, van Eck,
eeuwen, Visser, & van Raan, 2010).

Recently, Zitt and Small (2008),  Zitt (2010),  and Leydesdorff and Opthof (2010) have proposed normalisation procedures
ased on the characteristics of the citing publications. Their aim is to normalise the variability of citing practices between
elds by utilising a classification-free approach. These are referred to as citing-side or source normalisations, in contrast to
he traditional cited-side normalisation.

In bibliometric analyses, credit for publications is ascribed to countries (or other units such as institutions or departments).
here are different ways of doing this (see e.g. Gauffriau & Larsen, 2005) and the principles and limitations of the various
ethods are well-known. Most producers of bibliometric analyses apply whole counting of publications in the calculation

f citation indicators, which means that each country in internationally co-authored publications receives full credit for
ts participation. In contrast, fractionalised publication counting, in which a country is credited a fraction of a publication
qual to the fraction of the author addresses from that country, is rarely applied. With the exception of a few studies the
uestion concerning the use of whole and fractionalised counts in the calculation of citation indicators has received little
ttention. van Hooydonk (1997) showed that the citation impact of a researcher could be dramatically affected by using
ractional instead of whole counting procedures. Recently, Leydesdorff and Bornmann (2011) applied fractional counting of
itations to journals as a mean to normalise for differences in citation averages among disciplines. This was done by using
he citing-side fractionalisation method described above.

This article adds to the discussion by analysing the difference between whole and fractionalised counting of publications
n the construction of relative citation indexes at the country level. We  are interested in examining how the relative citation
ndex of a country is influenced by the counting methods used and to what extent this re-ranks countries compared to
ankings based on whole counts. Given that the share of publications involving international co-authorship is large and
rowing, this is an important and timely issue to address. In the fractionalisation we have used the principle that each of
he addresses of a paper is weighted as 1/N of a publication, where N is the total number of addresses (cf. Section 2).

It should be noted that our approach differs from the method applied by Leydesdorff and Bornmann (2011) in comparing
ournals. Leydesdorff and Bornmann (2011) apply a citing-side normalisation where they fractionalise citations according to

he number of references in citing publications. Their purpose is field normalisation. We have applied a traditional cited-side
pproach in order to normalise for field variations in citing practices. We  also apply fractional citation counts, but different
rom Leydesdorff and Bornmann (2011),  our purpose is to distribute authorship credits among countries. Hence, there is a
ifference between fractional citation counting (each citation carries different weight to the cited publication) and fractional
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attribution of citations to author addresses (the citations to a publication are split between all author addresses). Our study
focuses on the latter.

2. Data and methods

We have used bibliometric data from the Thomson Reuters database at the Swedish Research Council (covering the Science
Citation Index Expanded,  Social Sciences Citation Index, and Arts & Humanities Citation Index), which contains publications
published between 1982 and 2008.1 The database corresponds to the data that can be retrieved from Web  of Science.2 This
study is restricted to articles, letters and reviews published from 2004 to 2007. Data collection was performed in February
2010.

We have calculated overall field-normalised citation rates for all countries for the period 2004–2007. We  have used
open-ended citation windows. Citation rates are normalised according to publication type, citation year after publication,
and field specific citation rates (using Thomson Reuter’s Subject Categories).3 Normalisation is done at the publication level,
i.e. it is a sum of ratios. In other words, we are using the principle introduced by Lundberg (2007).  Some publications are
classified under more than one subfield category. In these cases we have used the average citation rate for the respective
subfields as reference values (see Kronman, Gunnarsson, & Karlsson, 2010 for details). Field-normalisation using Thomson
Reuter’s Subject Categories is a commonly applied method for constructing relative citation indicators, although an alterna-
tive method for normalisation has recently been suggested as described above (Leydesdorff & Bornmann, 2011; Leydesdorff
& Opthof, 2010).

The National Science Indicators (NSI) database by Thomson Reuters was  used in one of the analyses. This database con-
tains aggregated bibliometric data at the country level for the period 1981–2009. The database is not publicly available
and can be purchased from Thomson Reuters (http://thomsonreuters.com/products services/science/science products/a-
z/national science indicators/).

We have calculated two sets of relative citation scores based on whole counts and fractional counts, respectively. In whole
counting each collaborating country receives one credit for its participation. In fractionalised counting a country is credited
a fraction of a publication equal to the fraction of the author addresses from this country (1/n). For example, an article with
three addresses of which two are from the US is attributed to the US with 2/3rd. This means that in the calculation the
national citation index of USA, this paper is weighted as 2/3 of a publication while a publication with only US-addresses is
weighted as 1. Throughout the paper this principle has been described as “fractional counting of citations”, and by this we,
more precisely, mean fractional attribution of citations based on author addresses.

3. Results

First, we calculated national citation indexes for a single country: Norway. The results are provided in Fig. 1, which
shows annual citation indexes for the period 1981–2008. In addition to field-normalised citation indexes based on whole
and fractionalised counting methods, the figure also shows the results of calculations using the NSI standard indicator (also
based on whole counting). As described above, the latter indicator is simply calculated as the total number of citations of
a country’s publications divided by the total number of publications. A relative citation index is calculated by dividing this
average by the corresponding worldwide average.

As Fig. 1 illustrates, the relative citation index of the publications from Norway is climbing. The differences between
the NSI standard indicator and the field-normalised indicator are rather small, with the exception of the first years of the
analysed period. In this period, the non-normalised NSI indicator provides higher index values than the field-normalised
indicator. This difference can be attributed to Norway’s publication profile, in which the country has a higher proportion of
publications in highly cited fields than the world average. Accordingly, the NSI indicator overestimates the impact of the
Norwegian publications.

The third line in the figure shows the citation index based on fractionalised publication counts. When using this method
Norway’s citation index is considerably lower and only reaches the world average at the end of the analysed period. This
means that publications involving international co-authorship obtain significantly higher citation rates than the publications
with only Norwegian contributors. At the same time, the proportion of publications involving international co-authorship
has increased from 16% in 1981 to 53% in 2008.
Next, we calculated the field-normalised relative citation scores for all countries using whole and fractional counts. The
analysis is based on the articles published during the period 2004–2007. Table 1 shows the results for 23 of the 209 countries
investigated. The two scores are compared by subtracting fractional counts from whole counts, resulting in a difference

1 Certain data included herein are derived from the Science Citation Index Expanded, Social Science Citation Index and Arts & Humanities Citation Index,
prepared by Thomson Reuters® , Philadelphia, Pennsylvania, USA. © Thomson Reuters® 2009. All rights reserved.

2 The Swedish Research Council database licensed from Thomson Reuters does not include the ISI Conference Proceedings index, thus the analyses do not
include  documents from this database.

3 The analysis relies on a predefined subject classification provided by Thomson Reuters with 255 subject classes. The classification method involves
journal-based subfield definitions, meaning that all articles in a given journal are assigned to the same subfield. This method for field delineation has various
shortcomings, not to be discussed here (see e.g. Aksnes, Olsen, & Seglen, 2000).

http://thomsonreuters.com/products_services/science/science_products/a-z/national_science_indicators/
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ig. 1. Relative citation index for Norway, 1981–2008, based on different calculation methods: NSI standard, field normalised – whole counting, and field
ormalised – fractionalised counting.

core. In correspondence with the results above, the relative citation scores based on fractionalised counting generally yield
ower values than whole counting because internationally co-authored publications tend to have higher citation rates than
ationally authored publications (see e.g. Persson, Glänzel, & Danell, 2004; van Raan, 1998).

The countries in Table 1 are ranked according to the figures in Column 4 which indicate the difference between scores
or the selected countries. This ranked order strongly corresponds with the proportion of internationally co-authored pub-
ications (Column 6). The rank correlation (Spearman’s rank order correlation) between the size of a nation in terms of
ublication output and its degree of international co-authorship for the 23 countries in Table 1 is −0.67 and −0.73 when

hole counts and fractionalised counts are used as a proxy for country size respectively. The negative correlations clearly

ndicate that larger countries in general have a lower degree of international co-authorship among its publication output.
s illustrated in Fig. 2, there is a strongly negative correlation (Pearson’s correlation coefficient: −0.82) between shares of

able 1
ifference in field-normalised relative citation scores and ranking of selected countries based on whole and fractionalised counting schemes, 2004–2007.

Country Citation scores based on

Whole
counting

Fractionalised
counting

Difference
between scores

Changes in
rank order

Share of international
co-publicationsa

Iceland 1.56 1.15 −0.41 −4 68%
Belgium 1.24 1.05 −0.19 −3 55%
Denmark 1.39 1.22 −0.17 −1 55%
Ireland  1.19 1.02 −0.17 −2 50%
Norway 1.23 1.07 −0.16 −1 52%
Switzerland 1.46 1.30 −0.16 0 60%
Austria  1.16 1.01 −0.15 −1 55%
Israel  1.11 0.96 −0.15 −1 41%
Sweden 1.25 1.11 −0.14 −1 51%
Finland 1.16 1.03 −0.13 0 47%
Netherlands 1.36 1.23 −0.13 1 49%
Italy  1.03 0.90 −0.13 0 39%
Canada 1.20 1.08 −0.12 2 43%
France  1.08 0.96 −0.12 1 47%
Germany 1.14 1.03 −0.11 3 45%
Australia 1.12 1.01 −0.11 0 41%
Spain  0.99 0.88 −0.11 0 38%
UK 1.23  1.13 −0.10 3 42%
Brazil  0.68 0.58 −0.10 −1 28%
Japan  0.85 0.78 −0.07 −1 23%
India  0.65 0.61 −0.04 1 19%
China  0.84 0.81 −0.03 1 22%
USA 1.35 1.33 −0.02 4 27%

ource: Nordforsk (2010a).
The column shows each country’s proportion of international publications of its total publication output.
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Fig. 2. Decline in indicator values as a function of share of international co-publications for 23 countries, 2004–2007. Indicator values correspond to the
difference between scores found in Table 1, Column 4.

international co-authored publications and the decline in indicator values (i.e. the difference between scores). Consequently,
smaller countries in general have a larger share of internationally co-authored publications, and countries with a high pro-
portion of international publications have the largest decline in indicator values going from whole to fractionalised counting.
This means that countries with higher proportions of international co-authorship benefit more from a whole count method
than countries with low proportions.

Iceland is most affected by changing the calculation method. Using whole counts, the country obtains the highest citation
rate of all 23 countries, with a relative citation index of 1.56. Using fractionalised counts, the index is reduced to 1.15 and
Iceland falls to fifth place. The citation index of the USA, on the other hand, is only marginally reduced by using fractionalised
counts. The USA ranks fifth using whole counts and first using fractionalised counts.

The general patterns are illustrated in Fig. 3. The length of the lines indicates the relative drop in indicator values from

whole counts (×) to fractionalised counts (�). Please note that the abscissa is “country size” indicated as the natural logarithm
of a country’s publication count for the period investigated. Thus, the degree of backward direction of the lines (i.e. to the
left), from whole counts to fractionalised counts, indicates the proportion of international co-authorship. In correspondence
with the findings above, Iceland shows a drop in “country size” and a considerable drop in indicator value. This means that

Fig. 3. Relative drop in indicator values and “country size” as a consequence of whole counting or fractionalised counting. Numbers on the y-axis are
indicator values, where 1 is the world average. Log normalised publication counts are used as a proxy for “country size”.
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Table 2
Stability between counting methods for large countries in relation to publication counts and relative citation indicators, 2004–2007.

Country Difference in relative citation indicators between
whole and fractionalised countinga

Difference in “country size” between
whole and fractionalised countingb

Japan −0.07 0.99
India −0.04 1.00
China −0.03 0.99
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USA −0.02 0.99

a Difference between scores from Table 1.
b Ratio of fractionalised counts to whole counts, where one is equal.

celand has a large share of international co-publications that contribute significantly to the country’s overall relative citation
ndex. Conversely, there is almost no drop in “country size” and indicator value for the USA. This is also the case for countries
uch as Japan, India and China, although their relative citation indexes are considerably lower than the USA’s.

It is evident that publication counts and relative citation indicators are quite stable for the four above-mentioned coun-
ries, regardless of counting scheme (Table 2).

However, publications from the USA – with or without international authors – generally have a very high citation index,
nd international co-authorship has almost no effect on the country’s relative citation index.

. Discussion

In this paper we have analysed the results of using different counting methods in the calculation of national citation
ndicators. The citation index of the analysed countries decreases when fractionalised counts, rather than whole counts, are
sed, and the decrease varies from 0.41 to 0.01 points. Although nations with high scientific impact remain highly cited,
nd vice versa, ranking is altered and some countries are more affected by calculation using fractionalised counts than other
ountries. Nations with a high proportion of international co-authorship perform relatively better when the indicator is
ased on whole counts.

The question of how to handle papers involving co-authorship in general and international co-authorship in particular has
een a recurrent issue in the literature on the use of bibliometric indicators (see e.g. Egghe, Rousseau, & van Hooydonk, 2000;
auffriau & Larsen, 2005; Harsanyi, 1993; Narin, 1976; Price, 1981; van Hooydonk, 1997). Whole counting and fractional
ounting have been considered complementary methods. According to Moed (2005),  the integer or whole count method can
e interpreted to measure participation, while the fractional counting method measures the number of papers creditable to

 country.
The whole count method is the most commonly applied when constructing citation indicators; one exception is the

cience and Engineering Indicator report published by the US National Science Foundation, in which articles and citations
re counted on a fractional basis (see e.g. National Science Board, 2010). However, field normalisation is not carried out
or either the latter indicator or the NSI indicator. This methodology is in conflict with well-established principles for the
onstruction of citation indicators. The validity of the indicator is reduced due to the fact that average citation rates vary
ignificantly among the disciplines and that there are differences in countries’ scientific specialisation profiles (e.g. their
elative activity in highly cited fields). Other instances where citations are counted on fractional basis, include analyses by
he Research Council of Sweden (Kronman, Gunnarsson, & Karlsson, 2010), and two recently published reports by Nordforsk
2010b, 2011).

As mentioned above, methods for calculating relative citation indexes have been a topic of recent discussion. Today
lmost all analyses are based on whole counts. The use of whole and fractionalised counts in the calculation of relative
itation indexes is not a matter of right or wrong, as justifications may  be provided for both methods. However, despite
he common practice of using whole counts, there are, in our view, stronger arguments for using fractionalised counts in
alculations, at least at the national level. With citation indicators – like all indicators – the question of validity is at stake:
oes the indicator measure what it claims to measure? In the case of national citation indicators, the indicators are usually
laimed or interpreted to measure a nation’s scientific impact. However, when citation indicators are based on whole counts,
n individual country is credited with the contributions of many scientists in other countries. In extreme cases, the majority of
he article contributions are actually made by international researchers. For example, in the case of Iceland, the only reason
hat the country appears to be the world’s leading country in terms of scientific impact is because Icelandic researchers
ooperate extensively with researchers in other countries. In our view, it is rather counterintuitive to assign Iceland such a
anking. We  believe that national citation indicators will have greater validity and better justification when fractionalised
ounts are used.

It should also be pointed out that the whole count method is inflationary, as internationally co-authored papers are
ounted fully under more than one country. A world average in which internationally co-authored papers are counted more

han once would be higher than 1.0. From a mathematical perspective the whole count method is inconsistent; this is also
mphasised by van Hooydonk (1997).

The main focus of our analyses has been on whole and simple fractionalised counts. It should be mentioned that there
re other methodological alternatives that we have not considered, for example, fractionalisation by giving more weight to
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first authors, or proportional counting (Egghe et al., 2000; Galam, 2011; Gauffriau & Larsen, 2005; van Hooydonk, 1997).
Moreover, alternative citation windows may  be applied, and an alternative temporal approach may  be taken – a synchronous
approach (citations in a year to a given set of publications from previous years) rather than the diachronic approach (citations
to a given set of publications in subsequent years) that we  took.

National citation indicators have a major impact on science policy. It is therefore important that they are based on sound
and consistent methodology. We  have focused on indicators at the national level in this paper; however, our analyses and
the issues raised concerning methodology are relevant for citation indicators applied at all levels. The effect of fractional
counting is stronger for smaller units such as universities, departments, research groups or individuals than at the national
level. This follows from the fact that the degree of external collaboration is inversely correlated with the size of the unit
studied. In cases in which individual researchers are studied, each person will be credited a publication fraction of only
1/n, where n is the number of authors. Thus, the difference between whole and fractional counts will be much larger than
it is for countries. If fractionalisation is to have any effect at the citation index, publications that involve cooperation and
publications that do not must differ in citation rates (which is generally the case). Not only are publications with international
co-authorship cited more frequently than purely domestic publications, publications with many authors are generally cited
more frequently than publications with fewer authors (Aksnes, 2003; Herbertz, 1995).

In this study we have shown how different methodologies for calculating national citation indicators result in different
relative scores and rankings. For most countries, the citation index is lower when fractional counts, rather than whole
counts, are used. This difference is generally the most striking for countries with the highest proportion of internationally
co-authored publications. In our view there are strong arguments in favour of deviating from current practice and using
fractionalised counts, not whole counts, in the calculation of relative citation indexes.
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