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Letter to the Editor

Further steps towards an ideal method of measuring citation performance: The avoidance of citation (ratio) averages
in field-normalization

Since many years the so called crown indicator (CPP/FCSm) for field normalization of the Centre for Science and Technol-
ogy Studies (CWTS, Leiden, The Netherlands) has been defined as being the standard in the evaluative bibliometric practice
in many different contexts. The publication of the paper by Opthof and Leydesdorff (2010) was a starting point in the field of
evaluative bibliometrics to challenge this CWTS standard indicator for evaluative purposes. Meanwhile, the paper of Opthof
and Leydesdorff (2010) has been extensively discussed (Van Raan, Van Leeuwen, Visser, Van Eck, & Waltman, 2010), e.g.,
during the Science and Technology Indicators conference 2010 in Leiden (Anon, 2010), and a new crown indicator was pre-
sented by CWTS: the mean normalized citation score (MNCS) (Waltman, van Eck, van Leeuwen, Visser, & van Raan, 2011). At
its heart both, the previous and new indicator differentiates as follows: whereas for the previous crown indicator the average
citation rate over all papers in a publication set is calculated and then the citation rate is field-normalized, for the new crown
indicator each paper’s citation impact in a paper set becomes field-normalized, before an average value (harmonic average)
over the field-normalized impact values is calculated.

Not only for the previous but also for the new crown indicator the disadvantage of resting on the arithmetic average
exists (Leydesdorff & Opthof, in press): the mean citation impact values calculated for different fields are arithmetic averages
and the crown indicators rest on arithmetic averages of ratios or ratios of arithmetic averages. A number of publications has
pointed out that in the face of non-normal distributed citation data, the arithmetic mean value is not appropriate as a measure
of central tendency. It can give a distorted picture of the kind of distribution (Bornmann, Mutz, Neuhaus, & Daniel, 2008),
“and it is a rather crude statistic” (Joint Committee on Quantitative Assessment of Research, 2008, p. 2). As the distribution of
citation counts is usually right-skewed, distributed according to a power law (Joint Committee on Quantitative Assessment
of Research, 2008), arithmetic average citation rates mainly show where papers with high citation counts are to be found.
According to Evidence Ltd (2007)“where bibliometric data must stand-alone, they should be treated as distributions and
not as averages” (p. 10). What is more, the calculation of ratios runs into serious problems regarding the interpretation of
citation impact as low or high (or excellent). The interpretation is more or less arbitrary without using reference distributions.
Since many years, the evaluation of the citation performance of research groups as far below (<0.5) or far above (>1.5) the
international citation impact standard has been based on cut-off points developed by personal experiences (see here van
Raan, 2005).

In the following we will present an extension of the proposals of Bornmann (2010) for an improved practise of field-
normalized citation performance measurement. The extension is intended to calculate a single measure for the citation
impact of a group of scientists that is not based on the arithmetic average but uses reference distributions. The measure
allows - similar to the previous and new crown indicator — to compare groups of scientists by using one single number.
The proposals of Bornmann (2010) are based on the calculation of percentiles. The use of percentiles for citation data is
very advantageous, because no assumptions have to be made as to the underlying distribution of citations (Boyack, 2004).
With percentiles each paper in a paper set of a research group can be field-normalized with a matching reference standard.
To generate the reference standard for a paper in question all papers published in the same year, with the same document
type and belonging to the same field (defined by a discipline-oriented database) are categorized into six percentile impact
classes: 99th - top 1%, 95th, 90th, 75th, 50th, and <50th - bottom 50% (following the approach of the National Science Board,
2010) (see here also Bornmann, de Moya-Anegén, & Leydesdorff, 2010). Through the use of the citation limits that define
these classes the paper in question can be assigned to one of the six citation impact classes. This procedure is repeated for
all papers published by a research group (The use of the percentile for each paper instead of the corresponding percentile
impact class might be more preferable (e.g., resulting in a higher power), but this is a very cumbersome and expensive task
for a bigger publication set.).

Bornmann (2010) presents the results of an evaluative citation analysis calculated with fictitious bibliometric data for
three research groups. Table 1 shows this data with some additional numbers. As the table reveals the papers of the groups
were categorized into six percentile impact classes (99th - top 1%, 95th, 90th, 75th, 50th, and <50th - bottom 50%). First of all,
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Table 1
Absolute (n), relative (p), and cumulative (cump) frequencies as well as expected values (EV) for papers published by three research groups which were
categorized into six percentile impact classes (fictitious data).

Percentile impact class Numbering of classes (X) Research group 1 Research Group 2 Research group 3

n p cump EV n p cump EV n p cump EV
<50th
(bottom 50%) 1 43 0.3 0.3 0.3 17 0.1- 0.1 0.1 68 0.3 0.3 0.3
50th 2 22 0.1 0.7 0.2 28 0.2 0.9 0.4 43 0.2 0.7 0.4
75th 3 33 0.2+ 0.6 0.6 19 0.1 0.7 0.3 27 0.1 0.5 0.3
90th 4 21 0.1 0.4 0.4 39 0.2 0.6 0.8 36 0.1 0.4 0.4
95th 5 23 0.2 0.3 1.0 22 0.1 0.4 0.5 40 0.2 0.3 1.0
99th (top 1%) 6 14 0.1- 0.1 0.6 45 0.3+ 0.3 1.8 36 0.1 0.1 0.6
Total 156 1.0 3.1 170 1.0 3.9 250 1.0 3.0

Notes: cump, relative frequency of papers to be in percentile class X or higher (the latter except percentile class 1). x2(10, N=576)=48.1, p<.05, Cramér’s
V=.20. A plus or minus sign indicates a lack of fit for independence in that cell (Agresti, 2002).

the use of these classes as a reference distribution being expected for a research group with a medium performance allows
the evaluation of each research group’s citation impact in Table 1 for its own. In column p the frequencies (or probabilities)
of papers falling in a certain percentile impact class (and not in the next higher class) are listed. The column cump indicates
the frequency of papers of a research group which falls into a certain percentile impact class or in all higher classes (the
latter except the lowest class). For a research group with a medium performance it can be assumed that the distribution of
papers across the percentile impact classes corresponds to the proportions given by the classes: 50% of the papers of this
medium group are in the lowest (bottom 50%), 10% in the 90th, and 1% in the highest percentile impact class (top 1%). In
our fictitious example (see Table 1) only 30% (p=0.3) of all 156 papers published by research group 1 fall into the bottom
50% impact class, but 70% in the classes higher than 50%. 10% (p=0.1) of all papers fall into the 99th class (top 1%) and thus,
10 times more than in the reference set. As this comparison with the reference proportions given by the percentile impact
classes shows the citation impact of research group 1 is much higher than being expected for a medium performance group.
This is also true for research groups 2 (p=0.3) and 3 (p=0.1).

With the statistics presented below the performance differences between the three groups can be tested on significance.
The results of the x2 test printed in the legend of Table 1 show that the citation impact differences between the groups
are statistically significant and therefore meaningfully. Indications for performance differences between the three groups
at certain impact classes (e.g., the 99th percentile) are provided by the calculation of standardized Pearson residuals. In
Table 1, a plus or minus sign indicates this lack of fit: compared to the other groups, the citation performance of group 2 is
characterized by a high number of papers belonging to the top 1% (p =0.3). In contrast, the performance of research group 1
is characterized by a low number of papers in this class (p=0.1), albeit still substantially higher than the expected frequency
of 1%. A Cramér’s V value of .20 (see the legend of Table 1) points out a medium effect size for the association between
citation performance and research group. A medium effect size can be interpreted as typical in social science studies (see
here Kraemer et al., 2003). These results are presented in Bornmann (2010). The statistics used for the fictitious data indicate
that the research groups differ meaningful in citation impact - within certain citation impact classes and over all classes.

In addition to these statistics the calculation of an expected value (EV) is proposed (see Table 1) which allows a comparison
of the citation performance of different research groups by using one single measure. It is the advantage of this value against
measures like the former and new crown indicator not only to abandon the arithmetic average, but also to give thresholds for
the minimal, medium and maximal possible citation performance. The EV is calculated as follows (Ross, 2007, pp. 38-39): if
Xis a discrete random variable with k=1 to K outcomes (here: percentile impact classes) having a probability mass function
p(x), then the EV of X is defined by

K

EX) = x-p(x)

k=1

In other words, the EV of X is a weighted average of the possible values that X can take on, whereas each value being
weighted by the probability - or relative frequency as proxy - that X assumes that value.

Table 1 presents the EVs for the three research groups. For a research group the numbering of the percentile impact
classes (see the second column in the table) was multiplied with the relative frequencies (p) of papers, before the sum -
the EV - over the products was calculated. For instance, the EV for research group 1 is the sum of the following products:
1*0.3+2%0.1+3%0.2+4*0.1+5%0.2+6*0.1=3.1. As we operate with six percentile impact classes for the fictitious example,
there is a maximal possible citation performance with an EV of 6 (all papers belong to the top 1%: 6 x 1) and a minimal
possible citation performance with an EV of 1 (all papers belong to the bottom 50%: 1 x 1). The EV of each research group can
be compared to a reference EV (for a medium performance) which can be obtained by the sum of the products of percentile
class proportions with the numbering of classes: 0.50%*1 +0.25*2 +0.15*3 +0.05*4 +0.04*5+0.01"6 = 1.9 (<50%, 50th, 75th,
90th, 95th, 99th). As the performance of research groups with EVs at about 1.9 is on medium-Ilevel, the three research groups
in Table 1 with values between 3.0 and 3.9 performs better than a reference group. In agreement to the already presented
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results, with an EV of 3.9 research group 2 is characterized by a higher citation performance than research group 1 (3.1) and
research group 3 (3.0). Research group 2 comes much closer to the maximal possible EV of 6 than the other two research
groups.

With the calculation of EVs on the base of percentile impact classes the proposals of Bornmann (2010) and Opthof and
Leydesdorff (2010) for an optimized citation performance measurement of research groups were enhanced by a further
metric. We are sure that this metric is an important but not the final step towards an optimal method to measure and
compare citation performance.
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