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Abstract

To date, there has not been any definitive statement for bibliometric analyses from the sci-
entific community as to how long to make the period for analysis in order to guarantee the
maximum possible validity of citation analyses. Up to now, it has been particularly unclear
as to whether different disciplines and citation indicators have any effect on what period for
analysis to select. This is why this study aims to provide answers to these issues. Therefore,
publications in the fields of business studies, biology, and medicine from 2007 to 2009
are surveyed. The citations from ten separate consecutive citation periods from 2009 up to
2018 are generated for these publications from Web of Science and selected citation indi-
cators are calculated for them. The results show that the fundamental validity of citation
indicators increases with time. However, if the goal of the analyses is to establish a ranking
order, then even short citation periods are informative. Our results are stable in terms of
the disciplines, although differences do occur in the citation indicators under consideration.

Keywords Bibliometric indicators - Citation metrics - Citation period - German
universities - Research performance evaluation - Research ranking - Web of science -
Citation time window

Introduction

There are frequent discussions in scientometric literature, as well as in higher educa-
tion evaluations, about how long the period that a citation analysis is based on should
be (e.g. Research Evaluation and Policy Project 2005, p. 20f.). According to Adams
(2005), a short-term citation period of 1 or 2 years would make it possible to monitor
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and evaluate the citation rate at an early stage, while looking at short citation time peri-
ods can cause the data to be distorted. Publications have varying levels of ageing on the
one hand (Glinzel and Schoepflin 1995) and durability on the other (Costas et al. 2010).
With regard to investigating the research impact of German-language business schools,
researchers such as Dyckhoff and Schmitz (2007) analyse comparatively long periods
of 10 and 14 years, while Dilger (2010) made the citation period relatively short at two
and a half years. Long citation periods bring with them the benefit of compensating for
short, random fluctuations to a certain degree by lengthening the citation period. The
drawback is the resulting greater effort required to survey the citation indicators.

With regard to determining suitable citation periods for generating informative and
reliable results, it must be recognized that there is only a modest number of studies
and that no uniform consensus regarding a suitable citation period for certain analy-
ses can be derived from these studies. Furthermore, various mathematical methods
are applied, such as half-lives, linear regression models, and correlation analyses (see,
e.g., Abramo et al. 2019; Rovira-Esteva et al. 2019; Wang 2013). Only simple citation
indicators are used in these studies. Beginning with the first citation analysis by Gross
and Gross (1927), a wide array of citation indicators have been developed over time. In
order to determine the effect of research services, indicators such as the h-index, devel-
oped by Hirsch (2005), are used. Because departments have differing habits relating to
publication and citation (Glédnzel et al. 2008), comparisons can only be made between
disciplines if standardized indicators are used. As already noted, the variety of different
citation indicator values in bibliometric studies caused by different citation periods has
so far been ignored. This raises the following questions:

What citation period for citations of scientific publications will maximize the
informative value of research performance analyses? Can differences be seen
between different citation indicators?

Furthermore, studies are based either on whole data sets or on individual disciplines.
The results of the latter studies vary depending on the discipline that is being analysed.
So far, however, there is no comparative analysis of different citation periods for disci-
plines, which raises the following question:

Does the length of the citation period that can be shown to have the maximum
informative value vary between disciplines?

Our paper’s contribution is three folded and can be sum up as follows:

e Comprehensive inclusion of different citation periods to analyse probably changing
processes during the timeframes

e Analysis of different relevant citation indicators, especially first time inclusion of a
journal normalized indicator

e Consequent results consideration from the viewpoint of universities research evalua-
tion

Our paper is structured as follows: The next section gives a brief account of the current
state of research with regard to the stated research questions. Additionally, we concretize
these research questions. Next, we show the design of our research, before presenting the
results and analysing them concerning our research questions. The article concludes with
the study’s limitations and an outlook for further research.

@ Springer



Scientometrics (2021) 126:1019-1047 1021

Literature overview and detailed research questions

As already mentioned, the issue of the effect of the respective citation period has so far
been the subject of some empirical research. In the following, we give a brief overview of
the existing studies and their conclusions:

By using half-lives for 70,000 publications and a time frame of 55 years, Rovira-Esteva
et al. (2019) determined that 50% of citations occurred within 5 years. From the 10th year,
an increase in the citations of only a small percentage can be registered. The authors draw
the conclusion that a period of between 5 and 10 years is sufficient to reach valid state-
ments regarding the long-term perception of a publication. An approach for differentiated
analysis of various fields can also be found within this study.

Abramo et al. (2019) base their analysis on 123,128 publications from Web of Science
(WoS). They use a linear regression model and combine the journal impact factor and the
number of citations. The authors conclude that a citation period of 3 years is sufficient to
determine the long-term effects of scientific publications.

Wang et al. (2019) investigated the correlation between previous citations and new cita-
tions for 36 journals over a period of 10 years from 2008 until 2017. They use several cita-
tion periods to analyse the period, where the previous citations have the greatest influence
on future citation of the regarded publications. It was found that the correlation between
previous citations and new citations decrease significantly with increasing time windows.
Thus, citations that are less recent in time show a greater influence on future citations of
the publications than ‘older’ citations.

Liu et al. (2015) performed a comparison of journal impact factors with different cita-
tion periods and “peer-reviewed results” for ophthalmological journals. The highest cor-
relations between peer-reviewed results and journal impact factor were found for a citation
period of 3 and 4 years, which leads to the conclusion that a 3-year citation period is suf-
ficient to reflect the actual impact of journals. Leydesdorff et al. (2013) came to the same
conclusions, especially considering that a 2-year citation period does not cover disciplines
with a slow citation build-up. Dorta-Gonzalez and Dorta-Gonzalez (2013), on the other
hand, proposed to use the citation period with the highest average number of citations for
the calculation of the journal impact factor.

Wang (2013) studies the correlations between all citations over 31 years and the cumu-
lative citations in all possible periods for 746,460 publications from 1980 available on
WoS. The results of the correlation analyses, i.e. the Spearman rank correlation coefficient
between the total number of citations and the cumulative citations, of 0.754 for 3 years,
0.871 for 5 years, and 0.948 for 10 years, imply that even a citation period of 3 years can
show long-term effects and establish a fundamental trend that will not change.

The delayed impact of publications, the so-called “sleeping beauties”, is used in the sci-
entific community as a counter-argument for the consideration of short or medium-term
citation periods for citation indicators. Glidnzel et al. (2003) analyse publications from
1980 over a period of 21 years to gain insights into the significance of the share of pub-
lications with delayed impact. They find out that 76% of all publications were cited in the
first 3 years after the publication year. Publications that are not cited in the period of 3 or
5 years were associated with a lower expected citation impact, so delayed uptake does not
lead to a postponement of the citation process by several years. Publications that attract a
lot of attention in later periods represent extreme cases (see Glinzel et al. 2003;van Raan
2004a), e.g., concerning Glidnzel only 0.00014% of almost 450,000 publications were
sleeping beauties. In 2008, Glénzel stated “that the particular choice of a standard citation
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window cannot be made responsible for possibly negative results of an otherwise correct
bibliometric evaluation study”.

Gonzalez and Gonzalez (2016) regard the long-term impact of publications. They pos-
tulate that the length of a citation period with the highest significance varies over time and
by discipline. In the literature, citation periods with a fixed start and end are predominantly
used. This does not reflect different levels of maturity in specific disciplines, and advantage
or disadvantage some publications. From this, the authors conclude that a variable citation
period is more suitable, which takes into account the differences between the disciplines to
be analysed.

Based on the existing studies, it can be said that no consensus has been registered to
date as to what effect the length of the citation period since the publication’s release has
on the validity of the used citation indicators. The recommendations vary between 3 and 5
years. Since we wish to pursue these issues in this article, we concretise our research ques-
tions by formulating five more detailed ones:

Ketzler and Zimmermann (2013) find that the age of an article has a significant pos-
itive effect on the number of citations. It is therefore to be expected that the results of
the citation indicators will differ for citation periods of different lengths, since analysis of
longer citation periods involves an increased volume of citations. Consequently, if the cita-
tion period is extended, the number of uncited publications should decrease, causing the
variance in the citations obtained for each publication to increase. Nicolaisen and Frandsen
(2019) discovered that the ratio of non-citation frequency of publications reacts sensitively
to the length of the citation period. Hu and Wu (2014) found that for a citation period of
12 years or longer, the percentage of papers never cited is stable and the probability of
being cited in the future is very low for these publications. Using duration analyses, van
Dalen and Henkens (2005) showed, contrary to the prevailing myth, that the chance of
being cited decreases with age, non-citability does not play a role in the temporal distribu-
tion of citations. Based on these findings, our first research question is as follows:

(R1) Does the informative content of citation indicators increases for longer citation
periods?

A publication ages based on the principle of phases of maturing and decline of its citation
volume (Glédnzel and Schoepflin 1995). We can conclude from this that once the publica-
tion transitions from the maturing phase to the decline phase, analysis of a longer citation
period provides no additional informative value with regard to determining the impact of
a publication. At this point, saturation is reached. This raises the question of whether the
trend towards saturation can be detected at a certain point during the maturing process.
Due to the heterogeneous citation behaviour of departments or research fields, the matura-
tion of citations up to their distribution peak takes place according to different subject-spe-
cific time patterns (see, e.g., Abramo et al. 2011; Lehmann et al. 2006; Glénzel and Moed
2002). Since nobody knows the existence and the time of occurrence of high citation num-
bers of sleeping beauties, it is difficult to define the length of time until the citation matures
(see, e.g., El Aichouchi and Gorry 2018; Song et al. 2018; van Raan and Winnink 2018;
Teixeira et al. 2017). Based on this we formulate our second detailed research question:

(R2) Is there a citation period for which the long-term impact of citations can be
determined and after which a longer period of analysis of the citation rate does not
provide any additional informative value?

Within the framework of the above-mentioned maturating process, it is questionable, how
the distribution of citations will change over time. Since Lotka’s law (Lotka 1926) we
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know that citation distributions are skewed. There is a large number of studies, which con-
firm this law. These studies conclude that citations are distributed heterogeneously among
publications. This means that a small percentage of publications generate the majority
of citations and a large percentage of publications receive zero or only a few number of
citations (see, e.g., Ruiz-Castillo and Costas 2014, 2018 Radicchi and Castellano 2012;
Albarran et al. 2011; Albarran and Ruiz-Castillo 2011; Radicchi et al. 2008). According to
Ruiz-Castillo and Costas (2018), the skewness of the individual citation distributions var-
ies greatly within individual disciplines, but the average skewness in all disciplines is of a
similar magnitude. With regard to the observation of the citation distribution over time, Li
et al. (2013) found that the forms of citation distributions within each year under consider-
ation are similar. We would like to combine the analysis of Ruiz-Castillo and Costas (2018)
and Li et al. (2013) and raise the question:

(R3) To what extent does the uneven distribution of citation numbers differ for the
three disciplines under consideration and does it change over time?

The previous mentioned studies are predominantly based on the number of citations. As
already established, the research deficit relates especially to the issue of how far the cita-
tion period can be limited for other citation indicators. In this article, we will therefore
address the h-index as a simple indicator and the J-factor as a standardized indicator.

The h-index has the advantage of not increasing uniformly with each additional citation,
but instead only when the citations are changed in the h-core, which means that it is more
robust in the face of fluctuations and citation peaks (Hirsch 2005). The h-index has already
been subjected to a number of empirical studies with regard to its validity and compensat-
ing potential distortions by the bibliometrics community (see, e.g., Hirsch 2007; Alonso
et al. 2009; Jensen et al. 2009; Honekopp and Khan 2012; Sharma et al. 2013). In order to
eliminate the disadvantages (supposedly) inherent in the h-index, a variety of further indi-
cators have been developed. On the basis of several studies into the relationships between
the h-index and its variants, it has been established that the h-index is highly correlated
with its variants (see, e.g., Bar-Ilan 2008; Schreiber 2008; Bornmann and Daniel 2009;
Bornmann et al. 2011). As a consequence, considering another related and/or derived indi-
cator in addition to the original h-index provides no added information value and we there-
fore do not consider any of these variants. H-index variants that take the currentness of the
publications into consideration can also be disregarded, since the publications from the dis-
ciplines being studied come from a narrow range of publication ages. Variants that include
the duration of the author’s publication career or the number of co-authors are obsolete, as
this study is not conducted at the level of individual scientists.

Schreiber (2015) analysed the development of the timed h-index as a function of the
length of citation periods. He found that in most groups the median of all received cita-
tions is reached for a citation period of less than 5 years. With short citation periods of two
(Fiala 2014) or 3 years (Van Raan 2006), publications that are still at the beginning of the
process of citation accumulation are used to calculate the h-index. Consequently, there are
still small differences in the citation volume of the individual publications, which reduces
the selectivity of the h-index values. However, Pan and Fortunato (2014) conclude that the
values of the h-index for a 5-year citation period are already based on more differentiated
and higher citation numbers, which provides a higher selectivity of the h-Index values and
fluctuations have less influence on the h-index values.

Based on previous studies, it remains unclear, how the value of the h-index will be
affected when extending the citation period. As per the design of the h-index, its value
does not necessarily and uniformly increase with each additional citation, since only core
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publications have an effect on this index. This means that the increasing volume of cita-
tions that comes with looking at growing citation periods does not cause the h-index to
increase proportionally. As a consequence, looking at longer citation periods should imply
only limited added informative value, which is why we consider the following:

(R4) Does the added informative value of the h-index remains limited in comparison
with the absolute number of citations and the citations per publication when the cita-
tion period is extended?

To permit interdisciplinary comparisons to evaluate research performance, differences spe-
cific to the disciplines are compared while using methods of standardization. A distinc-
tion is drawn between field-normalized and journal-normalized methods. In this regard,
Glinzel et al. (2008) compare the characteristics of the field-normalized indicator Normal-
ized Mean Citation Rate (NMCR) for 676 European institutions and two citation periods.
Such field-normalized indicators compare the citation rate of a publication with all publi-
cations from the same discipline. In the above-mentioned study, there are high correlations
between the indicators for all institutions for the 3-year and 5-year citation periods. As a
consequence, it was concluded that a 3-year citation period is sufficient to reach valid state-
ments on the effects of citations with regard to the NMCR indicator.

A major weakness of field normalization is the need for the a priori classification of
disciplines and sub-disciplines. Any delineation between disciplines will always prompt
debates despite the presence of different classification systems. Journal-normalized meth-
ods, by contrast, are based on the idea of taking mean citation rates for the available pub-
lications from the same year of publication and of the same document type of the unit
being studied, and correlating these with the mean citation rate of all publications from the
respective journal. This process is applied to each journal in question. As a consequence,
normalization is independent of the choice of field classification.

Because of this advantage and the fact that a study of journal-normalized citation indi-
cators has not been carried out to date, we use the J-factor developed by Ball et al. (2009)
in this publication. The J-factor analyses the ratio between the citation rates of the publica-
tions of a unit / being studied (e.g. a department or university) in a journal z and the cita-
tion rates of the publications from a reference group St in the journal z. This means that for
each unit being studied, the number of citations per publication CPP' in a particular journal
7 is correlated with the mean number of citations per publication CPPS” for all publica-
tions in the journal z with the same year of publication and document type. This ratio is
weighted by the proportion of publications P/(z) of a unit being studied in this journal in
relation to all publications P/(all) of the unit being studied in the evaluation period. The
total of the results for each journal generates the J-factor for a unit:

v CPP/()  Pl(»)
S0 = ; CPPY(z) ~ Pl(all)

The J-factor implies a relative evaluation of the specific citation performance in com-
parison to the citation performance of the reference group. A J-factor of 1 means a citation
performance equal to the reference group; a J-factor greater than 1 indicates an above-
average citation performance in relation to the reference group, while a J-factor less than 1
signals a below-average citation performance.

One benefit of the J-factor is that the analysis can be performed for a period of unlim-
ited length. The disadvantage is that the unit being studied can also publish in journals
unrelated to the discipline, which then show different citation behaviours and can cause
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distortions of the data as a result. In contrast to simple citation indicators, an increase in
the J-factor cannot be achieved simply by increasing the citation numbers, since the higher
number of citations also appears in the reference group. This means that the behaviour of
the J-factor depends on the citation development of the respective reference group even
when the number of citations in a unit being studied increases. Accordingly, the develop-
ment of the J-factor as the number of citations increases is barely calculable. However, we
assume that the J-factor is more informative, the more citations are incorporated into the
factor’s calculation. The number of citations from both the unit being studied and the refer-
ence group will continue to increase as the citation period grows longer. Accordingly, with
regard to field-normalized citation indicators, we ask ourselves if looking at longer citation
periods leads to added informative value for the J-factor:

(RS5) Does the informative value of the J-factor increase as the citation period grows
longer?

As already noted, disciplines differ in their citation behaviour, regarding both the citation
volume and the timespan in which they display their citation potential. Because of this,
short, or even too short, citation periods for some disciplines can lead to an inaccurate
evaluation (Glinzel et al. 2008). Accordingly, the length of the citation period, adapted
to the citation behaviour of the respective discipline, should be selected (see, e.g., Wang
2013; Waltman et al. 2011). Based on the preceding findings that disciplines differ in their
citation behaviour and require different timespans to mature their citation potential as a
consequence, we finally question the following:

(R6) Do the results concerning the length of the citation periods with regard to the
effect of the research differ depending on the discipline being studied?

Study design
Data collection

The starting point for our data collection process are publications from the so-called ‘CHE
ranking’, carried out by the Center for Higher Education Development (CHE). The CHE
provides a list of all chairs and institutes from different disciplines of universities in Ger-
many. For these chairs and institutes, the CHE creates a discipline-specific ranking in a
3-year-cycle. One indicator used is the absolute number of publications during the regarded
3 years (Berghoff et al. 2009). The bibliometrics team at Forschungszentrum Jiilich annu-
ally prepares the publication data for these chairs and institutes. Therefore, all publica-
tions are determined top-down, starting at the university-level and going down to a special
institute or chair, according to the work-done-at-method in WoS. If several institutions co-
authored a publication, each participating institution is credited once for the publication. A
fractional counting is not applied. In this way, publications are assigned to fields without
using a classification. For our study, we took the CHE publication list from the chairs and
institutions of business administration, biology, and medicine, for the period 2007 to 2009.
Only the document types “Article” and “Review” are taken into account.
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Based on these publication data, we determined the citation data for the three stated
disciplines in the WoS local installation of the Competence Centre for Bibliometrics.! We
will look at ten separate consecutive citation periods, starting in 2009 up to 2018. The first
citation period is for 3 years and runs from 2007 up to and including 2009, the second is
from 2007 up to 2010, the third from 2007 up to 2011 and so on. Based on this absolute
publication and citation data we calculate for each chair or institution and for each citation
period the following indicators: the citations per publication, the h-index and the J-factor.
The process of data collection and the represented level of the study are not on a field level,
also it looks like, but instead of this, they are on an institutional level. Furthermore, there
is no scientific reason in the survey methodology why the indicators should not work on a
field level. As long as the examined subset is part of the overall benchmark, h-Index and
J-factor works also on a field level (see van Raan 2004b; Malesios and Psarakis 2014).

Analysis instruments

In order to determine informative citation periods, various mathematical and/or statistical
methods were used in the bibliometric literature, such as cited half-lives, linear regressions,
and correlation coefficients. A cited half-life means the timespan after which half of all the
citations received by a publication occur (De Bellis 2009). Linear regressions are used to
make forecasts and describe relationships between two variables. However, neither method
is suitable for testing our hypotheses.

By contrast, correlation coefficients describe the relationship between two or more vari-
ables and therefore are generally suitable for addressing our research questions. However,
to do this, we need to define what we mean when we talk about a citation indicator’s added
information value below. This means that increasing an indicator, e.g. increasing the abso-
lute number of citations, will always provide added information value, since this higher
figure reflects the cited paper’s perception in the community. In this respect, it naturally
makes a difference whether the paper has been cited 5 or 500 times.

However, performance indicators are frequently used in higher education evaluations to
generate rankings of individual scientists, departments, or universities. For this purpose,
as already mentioned, CHE has developed a research ranking, which has undergone criti-
cal analysis by Clermont and Dirksen (2016). In rankings, the precise characteristic of the
indicator is irrelevant to the viewer. What is important is its rank position. Therefore, there
is added information value in this kind of analysis when the rankings differ strongly from
each other as the citation period varies. Ranking correlation coefficients are suitable for
such a study. There are two known methods for calculating this: Spearman’s p (Spearman
1904) and Kendall’s 7 (Kendall 1938).

According to Spearman’s method, pairs of ranks are formed and compared with each
other (Xu et al. 2013). However, problems occur when there are ties, i.e. when two val-
ues have the same ranking (Schendera 2004). As a solution to this, an arithmetic mean is
formed, which has negative effects on the results’ informative value. Furthermore, Spear-
man assumes that the differences present in the rankings are equivalent, i.e. that the dif-
ference between first and second place is equivalent to the difference between last and

! In order to allow the scientific community to perform comprehensive and reliable bibliometric analyses,
the German Federal Ministry of Education and Research (BMBF) launched the German Competence Cen-
tre for Bibliometrics (reference no. 01PQ17001) in 2008. Further details are available at http://www.bibli
ometrie.info.
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second-to-last. We were not able to establish a relationship of this kind with our collected
data.

In contrast to Spearman, Kendall does not assume identical differences in the rankings.
Kendall’s ranking correlation coefficient assumes a given ranking based on an indicator
used (e.g. a ranking based on the number of citations between 2007 and 2009). It is meas-
ured then, how often a ranking based on another indicator (e.g. a ranking based on the
number of citations between 2007 and 2018) “breaks” the initial ranking. The resulting
number is divided by the number of all possible rankings, so that the coefficient is between
— 1 and + 1. A value of + 1 means, that all ranking positions are identical; a value of — 1
assumes that the ranking positions are reversed.

Let us assume a ranking of all universities under consideration n based on the initial
indicator x,. Starting from the original ranking, a pair comparison with all subsequent rank-
ings is made, starting with the first ranking position of the initial ranking. Thus 0.57(n — 1)
pair comparisons are carried out. Concerning all pair comparisons it is analysed, how
many concordant and discordant pairs exist. If the ranking positions based on x, are greater
than the initial regarded ranking position based on x,, this pair is concordant. Accordingly,
a pair is discordant, if the following ranking position is smaller than the regarded one. If
we denote the number of concordant pairs as C and the number of discordant pairs as D,
Kendall’s 7 is defined as follows:

L= C-D
T 05n(n—1)

If there are bindings, i.e. identical rank positions, the above formula have to be extended,
since bindings are neither concordant nor discordant. We refrain from an explicit presenta-
tion here and refer to the relevant statistical literature.

An advantage of Kendall’s ranking correlation coefficient is that all rankings can be
compared with each other, and not just individual ranking pairs. For our study, this would
mean that all ten measured values for the ten citation periods can be compared with each
other for individual indicators. According to a study by Xu et al. (2013), Kendall’s method
is also preferable with regard to a smaller number of data sets and outliers in the data. This
corresponds to our data situation with a skewed distribution (see also the next section),
potential outliers, and a low volume of data from 86 universities for business studies, 68 for
biology, and 44 for medicine. On the basis of the considered properties of the two methods
and the stated characteristics of our data situation, we use the ranking correlation coeffi-
cient by Kendall.

Results
Descriptive analysis

The descriptive analyses of the three considered disciplines with regard to the ten gener-
ated citation periods for the individual indicators are shown in Tables 1, 2 and 3. Here, the
position of the data is given in more detail with the arithmetic mean, median, minimum,
and maximum values for each indicator and citation period. The distributional width of the
data is shown based on the standard deviation and variation coefficient.

A consistent pattern emerges for the arithmetic mean of the citation indicators of
all disciplines and citation periods. The indicators “number of citations” and “citations
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Table 1 Descriptive analysis: business administration

Arithmetic mean Median Minimum Maximum Standard deviation Variation

coefficient
Citations 2009 63 13 0 332 52.166 0.831
2007- 2010 131 25 0 717 109.438 0.834
2011 216 41 0 1201 180.593 0.834
2012 311 60 0 1737 261.639 0.842
2013 414 74 0 2337 348.391 0.841
2014 521 97 0 2987 443.511 0.852
2015 640 125 0 3702 550.202 0.860
2016 765 142 0 4524 666.719 0.871
2017 882 160 0 5295 776.339 0.881
2018 913 167 0 5523 807.527 0.885
Citations per 2009  1.202 0875 O 11.000 1.395 1.161
Paper 2007- 2010  2.446 1917 0 16.000 2.350 0.961
2011  4.003 3167 0 21.000 3.479 0.869
2012 5.794 4500 O 30.000 5.308 0.916
2013 7.751 5958 0 39.500 7.243 0.935
2014 9.798 7313 0 57.200 9.677 0.988
2015 12.027 8723 0 78.000 12.236 1.017
2016 14.416 10440 O 99.200 15.091 1.047
2017 16.708 11429 0 126.000 18.292 1.095
2018 17.374 12.000 0 136.700 19.502 1.123
h-Index 2009 2 2 0 8 1.580 0.646
2007- 2010 4 3 1 13 2.461 0.686
2011 5 4 1 17 3.368 0.738
2012 5 5 1 22 4.065 0.753
2013 6 5 1 25 4.590 0.766
2014 7 6 1 29 5.272 0.806
2015 7 6 1 31 5.684 0.813
2016 7 6 1 34 6.188 0.835
2017 8 7 1 37 6.702 0.862
2018 8 7 1 38 6.821 0.869
J-Factor 2009  0.927 0.855 0 2.974 0.611 0.658
2007- 2010 1.024 0958 0 3.200 0.589 0.575
2011 1.069 1.019 0 3.000 0.562 0.526
2012 1.065 1.020 0 2.683 0.560 0.526
2013 1.078 1.033 0 2.598 0.559 0.519
2014  1.074 0987 0 2.561 0.556 0.517
2015 1.083 0995 0 2.909 0.575 0.530
2016 1.088 0991 0 2.667 0.571 0.525
2017  1.090 1.043 0 2.667 0.555 0.509
2018  1.089 1.029 0 2.662 0.554 0.508
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Table 2 Descriptive analysis: biology

Arithmetic mean Median Minimum Maximum Standard deviation Variation

coefficient
Citations 2009 1967 698 0 3763 893.579 0.454
2007- 2010 5446 1925 3 11,343 2504.199 0.460
2011 10,648 3808 23,383 4897.748 0.460
2012 16,403 6177 12 37,296 7598.687 0.463
2013 22,029 8332 25 52,112 10,245.213 0.465
2014 27,414 10,426 27 66,760 12,791.395 0.467
2015 22,029 8332 25 52,112 10,245.213 0.465
2016 37,559 14,224 34 96,952 17,751.230 0.473
2017 42,248 16,048 40 111,674  20,072.216 0.475
2018 43,515 16,507 41 115919  20,713.527 0.476
Citations per 2009 1.489 1.463  0.000 2.837 0.526 0.353
Paper 2007- 2010 4.115 4.005 1.000 7.654 1.276 0.310
2011  8.056 7.924 2333 14.504 2.407 0.299
2012 12.383 12.384  4.000 22.354 3.749 0.303
2013 16.691 16.695 5.625 29.821 4.932 0.295
2014 20.757 20.874 17.375 38.837 6.273 0.302
2015 16.691 16.695 5.625 29.821 4.932 0.295
2016 28.385 28.338 9.958 56.964 8.810 0.310
2017 31.939 31.952 11.333 65.870 10.009 0.313
2018 32.887 32.868 11.792 68.107 10.349 0.315
h-Index 2009 11 11 2 24 4.873 0.431
2007- 2010 19 18 1 41 8.405 0.449
2011 26 25 2 55 11.484 0.437
2012 34 32 3 72 14.989 0.443
2013 41 39 3 86 18.045 0.444
2014 47 44 3 97 20915 0.449
2015 41 39 3 86 18.045 0.444
2016 56 53 3 123 25.396 0.455
2017 60 57 3 134 27.387 0.458
2018 61 57 3 137 27.829 0.458
J-Factor 2009  0.835 0.788  0.000 2.152 0.315 0.378
2007- 2010  1.089 1.101  0.353 1.545 0.167 0.153
2011  1.100 1.115  0.654 1.765 0.157 0.143
2012 1.082 1.098  0.641 1.620 0.147 0.136
2013 1.082 1.101 0.665 1.502 0.125 0.115
2014  1.071 1.079  0.702 1.423 0.121 0.113
2015 1.060 1.070  0.651 1.359 0.127 0.120
2016  1.056 1.075  0.612 1.323 0.126 0.120
2017 1.054 1.069  0.611 1.297 0.124 0.117
2018 1.054 1.070  0.602 1.296 0.123 0.116
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Table 3 Descriptive analysis: medicine

Arithmetic mean Median Minimum Maximum Standard deviation Variation

coefficient
Citations 2009 5886 5282 810 16,934 3807.862 0.647
2007- 2010 16,420 14,559 2260 47,878 10,662.994 0.649
2011 32,121 28,174 4619 93,899 20,968.791 0.653
2012 49,345 42,794 7291 143,844  32,323.542 0.655
2013 66,090 56,788 9618 192,697  43,379.871 0.656
2014 81,834 69,773 11,839 238,885  53,916.250 0.659
2015 96,691 81,866 13,905 282,714  63,957.474 0.661
2016 110,884 93,206 15,813 325,730  73,668.724 0.664
2017 123,946 103,502 17,516 365,260  82,664.699 0.667
2018 127,239 106,184 17,984 375,037  84,919.709 0.667
Citations per 2009 1.185 1.171  0.728 1.511 0.186 0.157
Paper 2007- 2010 3.289 3267 2.118 4.229 0.519 0.158
2011 6418 6.321 4.119 8.293 1.054 0.164
2012 9.849 9.744  6.227 12.813 1.671 0.170
2013 13.187 13.002 8.384 17.227 2.273 0.172
2014 16.314 16.081 10.362 21.463 2.862 0.175
2015 19.255 18.988  12.199 25.476 3.444 0.179
2016 22.059 21.688 13.897 29.576 4.013 0.182
2017 24.637 24.137 15477 33431 4.547 0.185
2018 25.286 24773 15875 34413 4.684 0.185
h-Index 2009 24 24 11 42 6.938 0.293
2007- 2010 40 39 19 69 11.686 0.295
2011 57 55 25 99 17.096 0.301
2012 73 72 32 127 22.324 0.305
2013 87 86 40 151 26.327 0.301
2014 100 99 45 174 30.475 0.304
2015 112 110 50 189 33.396 0.298
2016 122 120 55 203 36.318 0.298
2017 131 130 59 216 38.952 0.298
2018 133 132 61 220 39.629 0.299
J-Factor 2009 0.864 0.841 0.657 1.748 0.183 0.212
2007- 2010  1.157 1.147 0.992 1.406 0.073 0.063
2011  1.156 1.158 1.013 1.317 0.060 0.052
2012 1.146 1.149  1.043 1.275 0.054 0.047
2013 1.142 1.141 1.032 1.284 0.053 0.047
2014 1.136 1.133  1.030 1.283 0.053 0.047
2015 1.131 1.128 1.028 1.282 0.053 0.047
2016  1.128 1.122  1.017 1.281 0.054 0.048
2017 1.125 1.120 1.010 1.275 0.055 0.049
2018 1.123 1.118  1.008 1.274 0.055 0.049
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per publication” increase strongly in the first 4 years. For business administration, the
increase between the citation periods 2007 to 2009 and 2007 to 2010 is 109% (biology
and medicine: approx. 178%), between 2007 to 2010 and 2007 to 2011 65% (biology
and medicine: approx. 95%), between 2007 to 2011 and 2007 to 2012 44% (biology and
medicine: approx. 54%) and between 2007 to 2012 and 2007 to 2013 33% (biology and
medicine: approx. 34%). From the following periods onwards, the growth levelled off at
approx. 20% and fell below 20% afterwards. In the last analysed citation period (from
2007 to 2018), there is only a growth of about 3% for all regarded disciplines.

Similar tendencies can be seen for the h-index. However, as discussed in our liter-
ature overview, not being on the same scale as the citations and citations per paper.
Thus, the metrics for business administration increase between the citation periods from
2007 to 2009 and 2007 to 2010 by 47% (Biology and Medicine: approx. 65%), between
2007 to 2010 and 2007 to 2011 by 27% (Biology and Medicine: approx. 40%), between
2007 to 2011 and 2007 to 2012 by 18% (Biology and Medicine: approx. 28%), between
2007 to 2012 and 2007 to 2013 by 10% (Biology and Medicine: approx. 20%). From the
following citation period on, the growth is below 10% (biology and medicine: approx.
below 15%) and falls for all three disciplines to 1% in the following periods. The smaller
rise for the h-index can be attributed to the fact that this metric, related to the length of
the citation periods, exhibits a certain level of robustness and the fact that only a certain
subset of the citations (h-core) is taken into account when calculating the h-index.

The results regarding the arithmetic mean of the J-factor paint a different picture. It
shows that the J-factor between 2007 to 2009 and 2007 to 2010 for biology and medi-
cine increase around 30%, since for business administration it is smaller (around 10%).
For the rest of the citation periods, the J-factor is stagnant around — 1% and + 1% for all
three disciplines.

If we take the median into account, we see that this diverges considerably for the
absolute number of citations. Furthermore, the characteristics of the median are far
below those of the arithmetic mean. This leads us to conclude that the distribution
of the citation numbers has been right-skewed, in line with; Saam and Reiter (1999);
Seglen (1992); Price (1965). This result is also confirmed by the high standard devia-
tions and variation coefficients of all three disciplines, which indicate a high degree of
distribution. To analyse this, we refer to the Lorenz curve, which displays the relative
concentration of the citations’ frequency distributions, i.e. it shows the unevenness of
a distribution. In Fig. 1 the cumulative percentage of the universities is shown on the
abscissa and the cumulative percentage of the number of citations is shown on the ordi-
nate. Thus, each point on the curve shows what percentage of the universities obtains
what proportion of the overall number of citations. The (drawn) bisector is a hypotheti-
cal construct as a standard of comparison for the citation distributions of the three dis-
ciplines, it cannot be achieved in reality. It can be interpreted as an equal distribution of
citations, i.e. each university receives the exact same number of citations.

For business administration, it can be seen that 80% of the universities receive
around just 30% of the citations for their publications, while the remaining 20% receive
almost 70% of the citations. The citations of biology and medicine are more uniform
distributed than the citations of business administration, concerning biology 80% of the
universities receives 50% of the citation (60% in medicine), while 20% gets the other
50% (40% in medicine).

In order to specify the uneven distribution more accurately, we calculate the “Gini
coefficient”. It provides information about the degree of unevenness of the citation
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Fig. 1 Lorenz curves of citation distributions for all citation periods and disciplines

distributions and is determined based on the ratio of the area bounded by the 45° line
and the Lorenz curve to the overall area (Pyatt 1976): = ié;‘j - "ni]

A Gini coefficient of 0 implies that all the citations are é_\llelnly distributed among the
universities, while a Gini-coefficient of 1 means that a single university has received all the
citations. Table 4 lists the Gini coefficients found for the three disciplines and citation peri-
ods. These once again confirm the statements made based on the Lorenz curves.

The disciplines’ different publication and citation behaviours can be attributed to dif-

ferent citation habits and the differing ratio of coverage in WoS. For example, business
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administration has the lowest number of publications and citations in the present compari-
son of the disciplines and, based on the Lorenz curve, has the most uneven citation dis-
tribution. On the other hand, biology already shows 19-fold the number of publications
and 35-fold the number of citations of business administration and the Lorenz curve runs
more equally than for business administration. Medicine publishes 5-fold (105-fold) and
cites 4-fold (150-fold) as much as biology (business administration) and the Lorenz curve
has the most equal distribution of the three disciplines. Based on our dataset, we are able
to identify discipline-dependent differences in the distributional skewness. With respect to
the observation of the uneven distribution over time, the Gini coefficient shows minimal
tendencies towards uniformity of the citation distribution. While the Gini coefficient for
business administration and medicine only increases by 3% and 4%, the Gini coefficient for
biology even decreases by 1%. These findings are confirmed by the course of the Lorenz
curves over time.

Correlation analyses

An extract of the values from the correlation analyses for the citation indicators being stud-
ied and the included citation periods with regard to the individual disciplines can be found
in Tables 5, 6 and 7. In the following, we look in particular at the correlations of the indi-
vidual citation periods with the last period for the years 2007 to 2018. Resulting correla-
tions of over 90% give sufficient indication that further survey periods only allow for lower
additional information. Therefore, we assume that an appropriate citation period—espe-
cially from the point of view of a ranking—exists precisely when the ranking correlation
coefficient exceeds this value of 90%.

Intertemporal evaluation of the correlations of citation indicators from the ten consecu-
tive citation periods confirms the previously established results. A rank correlation of over
90% for the number of citations for business administration between the citation periods
of 2007 to 2012 and 2007 to 2013 can be registered, for biology between 2007 to 2010
and 2007 to 2011 and for medicine between 2007 to 2009 and 2007 to 2010. While there
are already rank correlation coefficients of more than 80% for biology and medicine from
the first citation period on, there are more changes in business administration between
2009 and 2011. We have already seen in the descriptive analysis that the number of cita-
tions rises stronger for business administration during the first years. It seems that the time
between publication and citing is longer in business administration than in biology and
medicine.

Looking at the citations per paper, it can be seen that there are rank correlation coef-
ficients for business administration and biology of over 90% from 2014 onwards. For medi-
cine, however, rank correlations of over 90% are already achieved in the citation period
2012.

For the h-index it turns out that for all three disciplines, rank correlations of over
90% exist from 2012 onwards. In most cases there is also a high correlation of over 90%
between the h-index and the absolute number of citations from all the citation periods, as
well as between the h-index for each citation period. The rank correlation coefficients also
have high values. Accordingly, there is no great change between rankings for the h-index
depending on what citation period is looked at. The high rank correlations between the
absolute number of citations and the h-index indicate that the rankings resulting from both
indicators are similar (see also the results in Clermont et al. 2017).
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The J-factor reveals another pattern here. The correlation coefficients for the J-factor
primarily indicate a positive linear correlation. However, it is apparent that the concrete
properties of the rank correlations for the J-factor diverge with regard to the different
citation periods. Rank correlations of over 80% are achieved in business administration
between the J-factors for 2013 and 2014, for biology between 2012 and 2013 and for medi-
cine between 2014 and 2015. For business administration and medicine, J-factor rank cor-
relations exceed 90% between the citation periods 2007 to 2016 and 2007 to 2017. For
biology, however, rank correlations of 90% are already available between 2007 to 2015 and
2007 to 2016.

Implications

In this section, we answer our formulated research questions based on the results presented
above. In order to do this, we will in each case begin by repeating the research question.

(R1) Does the informative content of citation indicators increases for longer citation
periods?

As already explained in our literature overview, a distinction should be drawn
between additional informative value from an increase in citations and thus the
impact of a paper, as well as a change in the rankings. With regard to the general
impact of a paper, our analyses show that the citations received increase sharply
between the first four citation periods up to 2012. From then on, a moderate increase
in citations runs up to a stagnation. This produces a larger population of received
citations, which leads us to anticipate that generally speaking, this is accompanied
by a greater informative value between a short and medium citation period length
in terms of increased validity. Regarding the issue of the rankings, it has emerged
that high rank correlations of more than 90% result between all the citation periods
for the indicators “number of citations” in medicine, for biology one period later.
For business administration 90% are reached for the citation period 2007-2012. This
shows that, regarding the formation of a ranking, although the absolute numbers of
citations increase over time, an additional analysis of the citation metric at a later
point in the survey only provides redundant information and is not necessary. For
this study, this means that considering citation periods from 2012 on is obsolete con-
cerning the formation of a ranking.

(R2) Is there a citation period for which the long-term impact of citations can be
determined and after which a longer period of analysis of the citation rate does not
provide any additional informative value?

The above findings support this research question. It exists a citation period in which the
trend of the citation rate can be detected early. Other extended periods do not necessarily
provide any additional informative value. The position parameters illustrate that the cita-
tion numbers no longer increase sharply between the citation periods of 2013 and 2018.
This allows us to conclude that the transition between the maturing phase and decline
phase of the publications took place near 2013. From a ranking perspective, this period
is earlier (when regarding the absolute number of citations). This result is mainly in line
with the results in Glénzel (2008), who stated: “A 3-year citation window suffices at both
the national and the institutional level if properly standardised and normalised citation
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indicators are used.” Finally, in a sound bibliometric evaluation, the same rules of the game
are applied to all units of assessment. However, as we will discuss later, the first part of this
statement is not valid for the standardised and normalised citation indicator which we used
here.

(R3) To what extent does the uneven distribution of citation numbers differ for the
three disciplines under consideration and does it change over time?

In the course of the descriptive analysis of the citation numbers over time and for all three
disciplines, our results confirm the current state of the art on research concerning cita-
tion distribution, since it shows a skewed distribution independent of the discipline and
independent from time. This means that the results of all the disciplines are in line with
Lotka’s Law: a small share of authors generate a large proportion of the total citations
(Ruiz-Castillo and Costas 2018). However, differences in the characteristic of the citations
unequal distribution have occurred between the disciplines. However, a trend appears to be
emerging that more uniform distributions of citations occur as the number of publications
and citations increases. One explanation could be that outliers in the form of, for example,
highly cited publications, can distort the citation distribution. On the other hand, a larger
number of publications leads to a greater diversity of data sets, which results in a balanc-
ing effect in the sum. However, this does not mean that a uniform distribution could be
reached. This would only occur in the almost impossible case that all the citations were
homogeneously distributed among the publications. Our investigations show that even if
the time horizon of citation generation is extended, the citation distribution remains largely
constant. However, Katz (2016) finds out that longer citation periods are associated with
an increase in the skewness of the citation distribution. To state that means, whether a
publication receives a high or low impact and thus high or low citation numbers is already
crystallized in an ‘early stage’ of citation accumulation. It seems that publications that
were already heavily cited at the beginning are also heavily cited in the maturing process
up to the peak of citation, and publications that are cited infrequently receive relatively
little attention in later periods. We should be aware of the fact that by citing a scientific
publication, the author is making a decision about its relevance that can be reflected in
performance indicators. It could not be explained otherwise that there is, e.g., a correla-
tion between publications with intellectual relevance assessment and bibliometric indica-
tors (Breuer et al. 2020). This is made all the more apparent by the fact that the under-
lying publication set was not changed at any time during this study. This means that all
changes in distribution patterns that we can observe here are based solely on the percep-
tion of the underlying publications. The perception of a publication, whether it makes an
essential contribution to a research topic or not, does not really change during the period of
perception.

Consequently, a kind of citation pattern emerges for each publication that hardly
changes over time. Only “sleeping beauties” change their patterns over time, these are how-
ever, as already noted, very rare (Glinzel et al. 2003), so they do not influence the general
citation pattern.

(R4) Does the added informative value of the h-index remain limited in comparison
with the absolute number of citations and the citations per publication when the cita-
tion period is extended?

The findings regarding the informative content of research question R1 can almost be trans-
ferred to the h-index. We can see similar tendencies, and there are no specific differences
between the disciplines. While the rankings based on the number of citations are slightly
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influenced by subject-specific citation behaviour, the rankings of the h-index hardly change
and remain stable. This can be attributed to the construction of the h-index. Although it is
clear that the fundamental absolute dimensions increase by less for the h-index, this is pre-
cisely what we expected. This is because the metric is designed in such a way that it does
not uniformly increase with each additional citation. Therefore, a general increase in the
added informative value can also be assumed for the h-index, while the ranking proves to
be stable after a period of just 6 years for all three disciplines.

(R5) Does the informative value of the J-factor increase as the citation period grows
longer?

Regarding the J-factor, in contrast with the other citation indicators, we have established
differences in the properties between the citation periods. Only small correlations of
between 20% and 60% can be registered between the first three citation periods between
2007 to 2009 and 2007 to 2011 for all three disciplines. The low correlations imply that the
informative value of the J-factor diverges when the stated citation periods are used. As a
consequence, considering extended citation periods provide additional informative value.
This is due to the fact that numerous publications have not yet been cited in a relatively
short citation period. If the citation periods are extended, the number of publications that
have not been cited decreases, with the result that the J-factors for business administration
and medicine for the 2016 period and biology for the 2015 period can be viewed as valid
and informative. Thus, at least in relation to the ranking, the extension no longer provides
any significant additional value.

(R6) Do the results concerning the length of the citation periods with regard to the
effect of the research differ depending on the discipline being studied?

Over the course of the analyses of the position parameters and correlations, a nearly
homogeneous pattern for all the disciplines being studied was noted. Specifically, a sharp
increase in the citations is registered for the position parameters between the citation peri-
ods 2007 and 2009 up to 2007 and 2012, while only small increases result between 2007 to
2013 onwards. The distribution parameters show great differences. This can be attributed
to the fact that the disciplines have different citation volumes, i.e. the more citations there
are, the more the effect of outliers is reduced and the more uniform the distribution is.
Because the citation distributions are slightly affected by the length of the citation periods,
except for business administration, they can be ignored hereafter. Looking at the correla-
tion coefficients shows that there are high correlations between the ten consecutive citation
periods for all three disciplines and the difference in the degree of correlation is negligible.
Based on the empirical findings, we can draw the conclusion that the length of the citation
periods with regard to the effect of the research does not differ between the disciplines.

Limitations and outlook

With regard to collecting real data sets, it should be noted that only a portion of all the
available publications can be included in the analysis. This can be attributed to the fact
that coverage of the publications in the existing literature databases is not complete. The
existing literature databases differ in the extent of the coverage and also show great differ-
ences for the various disciplines. According to a study by Craig et al. (2014), coverage in
WoS is at 47% in economics, between 69% and 90% for biology, and at 84% for medicine.
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According to Heinze et al. (2019), coverage of economics is at 53,8%, biology is at 83%
and medicine is at 80,5%. Ultimately, there always needs to be a check for each discipline
whether the section used is a sufficiently representative sample.

All WoS publications from the examined disciplines of the “article” or “review” docu-
ment types have been included in this study. Other document types, particularly little-cited
ones such as proceedings papers or letters, can cause fluctuations, especially in the J-factor,
because relatively low absolute publication figures on the part of the benchmark could rela-
tively quickly cause ratios well above the mean.

Finally, it should be noted that this study and its findings are based on a general
approach. As a consequence, correlations are determined for complete rankings, based
on the correlation and rank correlation analyses. However, it should be noted that major
changes may still occur for a specific university in a particular discipline, even if the cor-
relation coefficients are high.

Regarding further research, the extent to which our findings related to the J-factor are
also valid for other normalizing citation indicators should also be studied. For this purpose,
the analysis could be expanded to include another journal-normalized indicator and a field-
normalized indicator. Looking at just one further journal-normalized indicator would not
be sufficient, as it would not be possible to distinguish whether the findings are due simply
to the method of normalization per se or are only caused by the method of journal-normal-
ization. With regard to the internationalization of research, it would be of interest to com-
pare the effects of research in Germany with other countries (Haustein and Tunger 2013).
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