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chemistry. The data set contains roughly 2000 manuscripts that were submitted to the jour-
nal Angewandte Chemie International Edition (AC-IE) as short communications, reviewed by

Ié;?é Vr:ﬁ;frsy external reviewers, and either published in AC-IE or, if not accepted for publication by AC-IE,
Citation counts published elsewhere. As the reviewers’ ratings of the importance of the manuscripts’ results
Scientific quality are also available to us, we can examine the extent to which certain factors that previous
Single publication h index studies demonstrated to be generally correlated with citation counts increase the impact

of papers, controlling for the quality of the manuscripts (as measured by reviewers’ ratings
of the importance of the findings) in the statistical analysis. As the results show, besides
being associated with quality, citation counts are correlated with the citation performance
of the cited references, the language of the publishing journal, the chemical subfield, and
the reputation of the authors. In this study no statistically significant correlation was found
between citation counts and number of authors.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Researchers publish papers not only to report the results of their own research but also so that other researchers use
them as a reference point in their own work (Evidence Ltd., 2007). When researchers use others’ research as a basis for
their own work, they usually acknowledge this by citing that research in their publications: they cite the publication that
reported it. If a publication was cited in other publications very frequently, it was evidently more useful for (more frequently
the basis for) the research by other researchers in a field of science than a publication that was cited by other publications
only seldom. This attention that a publication in the scientific community has received is interpreted “as an indicator of the
importance, the visibility, or the impact of the researcher or the paper” (Hemlin, 1996, p. 221). This interpretation makes
citation counts interesting for evaluation of research.

For appropriate assessment of research performance in science, evaluation faces the problem that “there is no mathe-
matical formula that can quantify the ‘quality’ of an article” (Figueredo, 2006). For this reason, assessors have to depend on
indicators that can adequately reflect the quality of a paper. Owing to the lack of alternatives that could be possible indictors,
citation counts have become a normal part of the evaluation of papers (Garfield, 2002): the quality of a paper should be

* Corresponding author. Tel.: +49 89 2108 1265.
E-mail address: bornmann@gv.mpg.de (L. Bornmann).

1751-1577/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.joi.2011.08.004



12 L. Bornmann et al. / Journal of Informetrics 6 (2012) 11-18

assessed as higher, the more frequently a paper is cited. According to van Raan (1996), citations yield “a good to even very
good quantitative impression of at least one important aspect of quality, namely international impact” (p. 404). Citation
analysis has long since become one of the most important instruments of research evaluation, so that for researchers it is
no longer only important to publish as much as possible, but it also has to be demonstrable that the publications are “also
heavily used, hence useful and important” (Harnad, 2007, p. 27).

The use of citation counts as indicators for scientific quality is justified mainly by the fact that citation counts for single
publications correlate positively with quality indicators at a higher level of aggregation. Baird and Oppenheim (1994) wrote,
for example: “Whatever measure you take for the eminence of an individual scientist or of a journal or of an institution,
citation counts provide strong correlation with that result . . . high citation counts mean a statistical likelihood of high quality
research” (p. 8). Cole (1992) put it this way:

Extensive past research indicates that citations are a valid indicator of the subjective assessment of quality by the
scientific community. The number of citations is highly correlated with all other measures of quality that sociologists
of science employ. As long as we keep in mind that research of high quality is being defined as research that other
scientists find useful in their current work, citations provide a satisfactory indicator. (p. 221)

However, Eugene Garfield, the founder of the Institute of Scientific Information (ISI, now Thomson Reuters, Philadelphia,
PA, USA), already pointed out in the early 1970s that citation counts are a function of many variables besides scientific quality
(Garfield, 1972). Since then, a number of variables that usually correlate with citation counts have emerged in bibliometric
studies. For instance, Lawani (1986) and other researchers established that there is a positive relation between the number
of authors of a publication and its citation count: a higher number of authors is usually associated with a higher number of
citations.

In this paper we want to use an extensive data set from the field of chemistry to investigate a number of these factors
that usually correlate with citation counts. The data set contains roughly 2000 manuscripts that were submitted to the
journal Angewandte Chemie International Edition (AC-IE) as short communications, reviewed by external reviewers, and
either published in AC-IE or, if rejected for publication by AC-IE, published elsewhere. For each manuscript in the data set
we have the reviewers’ ratings of the importance of the obtained results. We can therefore examine to what extent certain
factors that other studies demonstrated to be associated with citation counts increase the impact of papers, controlling in
the statistical analysis for the quality of the manuscript (here: its importance) via the ratings of the reviewers.

If the correlation of these factors with citation counts is examined empirically and it is found, for example, that a higher
number of authors is associated with a higher citation count, it cannot be ruled out that the higher number of authors led
to an increase in the quality of a paper, which is what led to the higher citation count. In this study, to ensure that the
correlation of the factors (such as, for example, number of authors) with citation counts is measured independently of the
quality of the paper, the factors and in addition the reviewers’ ratings were included in the analysis.

2. Factors that usually correlate with citation counts

The research activity of researchers, publication of their findings, and citation of the publications by colleagues in the
field are all social activities. This means that citation counts for the publications are not only an indicator of the impact of the
researchers’ scientific work (as one part of the quality of their work) on the advancement of scientific knowledge. Citation
counts also reflect (social) factors that do not have to do with the accepted conventions of scholarly publishing (Bornmann
& Daniel, 2008c). As Martin and Irvine (1983) described it:

There are ‘imperfections’ in the scientific communications system, the result of which is that the importance of a
paper may not be identical with its impact. The ‘impact’ of a publication describes its actual influence on surrounding
research activities at a given time. While this will depend partly on its importance, it may also be affected by such
factors as the location of the author, and the prestige, language, and availability of the publishing journal. (p. 70)

Bibliometric studies published in recent years have generally revealed an association of a number of factors with citation
counts. For the factors presented in the following (such as the number of authors of a paper, or the performance of papers
cited in a paper), in this study we examine the association with citation counts when controlling for quality (as measured by
the rated importance of the research paper).

2.1. Number of authors

A number of studies found that “multi-authorship increases above all the probability to be cited by others” (Gldnzel,
Debackere, Thijs, & Schubert, 2006, p. 274): the more authors a paper has, the higher the number of citations of this paper
that can be expected. Four reasons for this association can be found in the literature (see here Leimu & Koricheva, 2005):
(1) each additional author increases the probability of self-citations, (2) papers with many authors are most probably mul-
tidisciplinary papers, so that citations in various disciplines can be expected, (3) the more authors a paper has, the larger
the network in which the paper will become known through personal contacts, and (4) not only informal but also formal
communication in the scientific community can contribute to the greater visibility (and thus to a higher citation count) of
a multi-authorship paper: “The longer the author list is, the greater the probability of the paper being presented to several
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conferences is, especially if the team is multidisciplinary” (Valderas, 2007). (5) Scientific communities with very expen-
sive experiments, e.g., high energy physics or astrophysics, can afford only very few experiments, sometimes only one, and
developed worldwide cooperation for doing them documented by an exhaustive list of authors.

2.2. Single publication h index for the cited references

“It is not possible to publish new material whatever its quality without demonstrating a minimal overlap with the status
quo by including relevant references to reach this aim” (Opthof & Wilde, 2009, p. 146). As Webster, Jonason, and Schember
(2009) and Vieira and Gomes (2010) showed, there is a positive correlation between citation counts and the number of
cited references: the more cited references a paper contains, the higher the citation count a paper will be expected to have.
Webster et al. (2009) found, for example, that “reference counts explained 19% of the variance in citation counts” (p. 356).
Webster et al. concluded that one of the reasons for this connection was that “the tit-for-tat nature of ‘I cite you, you cite
me,” may be at work: the more people you cite in your paper, the more people are likely to cite your paper (the paper they
were cited in) in the future” (p. 349). Two further studies (Boyack & Klavans, 2005; Lancho-Barrantes, Guerrero-Bote, &
Moya-Anegon, 2010) found that not only the number but also the citation impact of the cited references is correlated with
the citation counts for a paper: the higher the impact of the cited references, the higher the later impact of the citing paper.

Today, the h index (Hirsch, 2005) is a widely used measure of scientific performance: “The automatic calculation of h-
indices has even become a built-in feature of major bibliographic databases such as Web of Science and Scopus” (van Eck
& Waltman, 2008, p. 263). Customarily the h index is used as a single number that provides information on the publication
output of a scientist or a journal and the citation impact of these publications (Bornmann & Daniel, 2007, 2009c). Recently,
Schubert (2009) suggested calculating the h index for a single publication (see here also Thor & Bornmann, 2011):

A Hirsch-type index can be used for assessing single highly cited publications by calculating the h-index of the set of
papers citing the work in question. This index measures not only the direct impact of a publication but also its indirect
influence through the citing papers. (p. 559)

In this study, to examine whether both the number and impact of the cited references correlate with the citation counts
for a paper, we calculated the h index for the cited references for each paper and included it in the analysis.

2.3. Language of the journal in which the publication appeared

Afurther factor that is assumed to have an influence on citation counts is the language of the journal in which a publication
appears (see here, for example, the study of Lansingh & Carter, 2009). With regard to language the main thing is whether a
journal publishes papers in English or papers in another language. Since English is the lingua franca in practically all science
disciplines (including chemistry), for reception in the scientific community papers published in other languages generally
have a disadvantage compared to papers published in English.

2.4. Chemical subfield

The chance of a paper being cited is especially related to the number of papers published in the different disciplines
and fields. For this reason, far fewer citations are to be expected in small fields than in more general fields. A number
of studies showed that there are very great differences in average citation counts between disciplines and between the
subfields of a discipline. For instance, Neuhaus and Daniel (2009) examined the biochemistry sections of Chemical Abstracts
(CA). Chemical Abstracts Services (CAS, Columbus, OH, USA) categorizes publications in 80 different sections, each section
covering only one broad area of scientific inquiry. Each abstract in CA appears in only one CA section, categorized according
to the most important aspects of the publication. The 80 individual sections are listed according to five broad headings for
five main areas of chemical research: (1) organic, (2) physical, inorganic, and analytical, (3) macromolecular, (4) applied,
and (5) biochemistry. As Neuhaus and Daniel found, the average numbers of citations for the 20 sections in the area of
biochemistry ranged from 2.37 for “Agrochemical bioregulators” to 19.67 for “General biochemistry.”

Because the papers used in this study are chemistry-related publications, in the statistical analysis we used the subfield-
specific assignments from CA. The papers’ assignments to the five main areas mentioned above were entered into the
statistical analysis, and the association with citation counts was examined.

2.5. Number of authors of a paper who are listed in ISIHighlyCited.com

Highly cited scientists may attract more citations, because they are well-known within their field (Peters & van Raan,
1994). Consistent with Robert K. Merton’s interpretation of the Matthew effect in science (Merton, 1968) and Cozzens (1985)
“success—breeds—success” phenomenon, publications by authors whose works have been very frequently cited in the past
can be expected to be cited more often than publications by authors who have not published highly cited works in the past.
This means that publications of the same intrinsic worth will be cited differently depending on the status of the author (see
also Garfield, 2002).
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The status of the authors of a publication as most highly influential scientists in an area of research was entered into the
statistical analysis of this study as authors who are listed in ISIHighlyCited.com, which is a part of the IS Web of Knowledge
platform provided by Thomson Reuters. ISIHighlyCited.com provides “a tool to identify individuals ... that have made
fundamental contributions to the advancement of science and technology in recent decades. .. These individuals are the
most highly cited within each category for the period 1981 to 1999” (ISIHighlyCited.com). For each paper in the data set, we
determined the number (percentage) of a paper’s authors who are listed in ISIHighlyCited.com.

Further (possible) factors which correlate with citation counts but were not taken into account in this study are study
design and study topic (Willis, Bahler, Neuberger, & Dahm, 2011), the presence of industry funding and an industry-favoring
result (Kulkarni, Busse, & Shams, 2007) and the impact factor of the original publishing journal (Callaham, Wears, & Weber,
2002).

3. Methods
3.1. Manuscript review at AC-IE

A manuscript submitted to AC-IE usually undergoes internal and external review. First, editors at the journal evaluate
whether the manuscript contributes to the development of an important area of research (internal review). If the editorial
office finds that this is the case, the submitted manuscript is sent to several independent referees (external review), who
review it using an evaluation form and a comment sheet (Bornmann, Weymuth, & Daniel, 2010). The evaluation form
for reviewers contained among other things the following question concerning the importance of a manuscript: “How
important do you consider the results?” (four response categories: very important, important, less important, unimportant).
The journal editors make the decision to accept or reject a manuscript for publication on the basis of these reviews and their
own evaluations (Bornmann & Daniel, 2009b, 2010).

3.2. Dataset for the study

For investigation of the AC-IE peer review process, information on a total of 1899 manuscripts reviewed in the year
2000 was used. The information was drawn from material in the archives of the journal’s publishing house, Wiley-VCH. In
addition to internal review by the publisher, there were a total of 4593 external reviews of the 1899 manuscripts using an
evaluation form and/or a comment sheet. For the statistical analysis in this study, for each manuscript we determined the
median of the independent ratings of the importance of a submission. According to Thorngate, Dawes, and Foddy (2009)
the average error in ratings decreases with an increasing number of raters. Based on the external reviews, 46% (n=878) of
the 1899 manuscripts were accepted for publication in AC-IE, and 54% (n=1021) were rejected. Research in the literature
databases Web of Science (WoS, Thomson Reuters) and CA revealed that 959 (94%) of the 1021 rejected manuscripts were
published later in other journals in a more or less revised form (Bornmann & Daniel, 2008a, 2008b, 2009a; Bornmann et al.,
2009; Bornmann, Mutz, Marx, Schier, & Daniel, 2011).

In this study 1765 manuscripts could be included that were published in AC-IE (as short communications) or in one
of 125 other journals (as short communications, articles, etc.). Of the total 1899 manuscripts, only those could be used in
this study that had no missing values for the variables included in the statistical analysis. For each of the 1765 accepted or
rejected (but published elsewhere) manuscripts, we determined in WoS the number of citations from time of publication
up to March 2010. For the calculation of the h index for the cited references for each paper, we retrieved all references from
the reference list of the papers in WoS, including the times-cited information for each reference (which is published in a
WoS source journal). The single publication h index for the references was computed from the list sorted by times-cited.
The time window for the citation data covers the period from the year of publication to the date of searching (March 2010).

3.3. Statistical procedure

We performed a multiple regression analysis, which reveals the factors that exert a primary effect on a certain outcome.
The coefficients in the regression model, called “partial” regression coefficients (Rabe-Hesketh & Everitt, 2004), represent
the effects of each factor, controlling for all other factors in the model. Since the skewness of citation counts (Seglen,
1992) suggests the use of a negative binomial specification (Gldnzel & Schubert, 1993), we calculated a Negative Binomial
Regression Model (NBRM, Long & Freese, 2006, section 8.3) (see also Bornmann & Daniel, 2006). The citation counts for the
accepted and rejected manuscripts that were published in AC-IE or elsewhere enter into the NBRM as a dependent variable.
The independent variables considered were the factors that were found in previous research to be associated with citation
counts (see Section 2) and the reviewers’ ratings (the indicator of scientific quality).

In the NBRM the publication year of each accepted and rejected (but published elsewhere) manuscript was included as
exposure time (Long & Freese, 2006, pp. 370-372). By using the exposure option provided in the statistical package Stata
(StataCorp., 2009), the amount of time that a paper is “at risk” of being cited is considered. The violation of the assumption
of independent observations by including citation counts of more than one paper per journal is considered in the NBRM
by using the cluster option in Stata (StataCorp., 2009). This option specifies that the citation counts are independent across
papers published in different journals but are not necessarily independent within papers of the same journal (see Hosmer &
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Table 1
Description of the dependent and independent variables.

Variable Mean Standard deviation Minimum Maximum

Dependent variable

Citation counts 42.79 49.76 0 501
Independent variables
Median reviewers’ ratings of 2.28 0.59 1 4

importance (1=very important,
4 =unimportant)

Single publication h index for the 21.67 12.72 3 167
cited references

Number of authors 4.26 1.95 1 16
Language of the journal in which the 0.07 0 1

publication appeared (0 =English,
1=multiple or non-English language)
Chemical subfield

Organic chemistry 0.52 0 1

Physical, inorganic, and analytical 0.29 0 1
chemistry

Macromolecular chemistry 0.06 0 1

Applied chemistry 0.03 0 1

Biochemistry (reference category) 0.10 0 1
Number (percentage) of authors of a 0.03 0.09 0 0.5

paper who are listed in
ISIHighlyCited.com

Lemeshow, 2000, section 8.3). According to Meadows (1998) “the more highly regarded a journal, the more likely it is that
researchers will want to make use of its contents” (p. 165).

Normally, the Journal Impact Factor (Garfield, 2006) is considered to be a numerical indicator of the prestige of a journal.
But by using the cluster option in the statistical analysis, we did without the use of the Journal Impact Factor as a predictive
factor in citation counts. According to Seglen (1997) “article citation rates determine the journal impact factor, not vice versa.”
Leimu and Koricheva (2005) found that contrary to the widespread belief “that publication in a high-impact journal might
by itself enhance the citation rate of an article by increasing its visibility or persuasiveness of the arguments presented” (p.
29), their study results did “not support this ‘journal effect’ hypothesis, because there was considerable variation in citation
rates, especially for papers published in high-impact journals” (p. 29).

4. Results

Table 1 shows a description of the dependent and independent variables that were included in the NBRM. In addition to
the citation counts, the models take into account: the median reviewers’ ratings of the importance of the paper, the single
publication h index for the cited references, the number of authors, the language (English, or non-English or multiple) of
the journal in which the publication appeared, the chemical subfield, and the number (percentage) of authors of a paper
listed in ISIHighlyCited.com. As the table shows, the total 1765 papers that were included in the study were cited on average
42.79 times (arithmetic average), with a range from O citations to 501 citations. The single publication h index for the cited
references was on average 21.67, with a range from a minimum of 3 to a maximum of 167. With an h index of 167, at least
167 papers in a cited reference list were cited at least 167 times. As the assignments of the papers to the chemical subfields
in Table 1 shows, approximately half of the papers were assigned by CAS to organic chemistry; 29% of the papers belong to
the physical, inorganic, and analytical chemistry categories.

Table 2 presents the results of the NBRM for predicting citation counts for accepted and rejected (but published elsewhere)
manuscripts. Statistically significant effects (independently of the importance of individual papers) could be found in the
expected direction for four factors that bibliometric studies have demonstrated to generally correlate with citation counts:
(a) the higher the single publication h index for the cited references in a publication, the higher the expected citation count
for that paper; (b) more citations are to be expected for a publication in an English-language journal than for a publication
in a multiple-language or non-English language journal; (c) the results reveal an association between citations and the
research area. Publications in physical, inorganic, and analytical chemistry were more frequently cited than publications in
biochemistry (the reference category; AC-IE papers in biochemistry are mostly in the field of synthetic biochemistry and not
in genetics or in life sciences); (d) a higher number (percentage) of the authors of a paper who are listed in ISIHighlyCited.com
is associated with a greater number of citations of a publication. However, contrary to expectations, the NBRM reveals no
statistically significant effect for number of authors of a paper (although the (positive) sign of the coefficient is in the expected
direction).

To gain an indication of the size of the effect of those factors found to be statistically significantly correlated with citation
counts, following the NBRM we calculated percent changes in expected count for a unit increase in an independent variable
(see Long & Freese, 2006). For example, for the variable “language of the journal,” this calculation shows that being published
in a multiple language or non-English language journal decreases the expected number of citations by about 48% — holding all
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Table 2
Negative binomial regression model predicting citation counts.

Independent variable

ML-point estimates

Percent change in expected count for a
unit increase

Median reviewers’ ratings of importance (1=very
important, 4 = unimportant)

Single publication h index for the cited references

Number of authors

Language of the journal (1=multiple or non-English
language)

Organic chemistry

Physical, inorganic, and analytical chemistry

Macromolecular chemistry

Applied chemistry

Number (percentage) of authors of a paper who are
listed in ISIHighlyCited.com

Intercept

Npapers

Mjournals (clusters)

Papers per journal
(cluster)

-0.238"" (-4.09)

0.0264" (14.53)
0.0227 (1.58)
—~0.650"" (-3.74)

~0.0130 (—0.20)
0.262" (2.98)
0.101 (1.41)
0.0573 (0.35)
0.548" (4.01)

—4.1117" (-33.99)

1765
125

Minimum =1
Mean=14.1
Maximum =877

2.7

—47.8

30

73

Notes: t statistic in parentheses.
" p<0.01.
™ p<0.001.

other variables constant. For each additional increase in the single publication h index for the cited references of a publication
by a value of 1, the odds of being cited increases by nearly 3% - holding all other variables constant.

5. Discussion

Citation analysis is one of the most important instruments in the evaluation of research. Citation analyses have been
conducted for assessment of national science policies and disciplinary development (Lewison, 1998; Oppenheim, 1997;
Tijssen, van Leeuwen, & van Raan, 2002), departments and research laboratories (e.g., Bayer & Folger, 1966; Narin, 1976),
books and journals (e.g., Garfield, 1972; Nicolaisen, 2002), and individual scientists (e.g., Cole & Cole, 1973; Garfield, 1970).
In these studies the number of citations of papers was used to measure the impact of the work of scientists on the scientific
community, as high quality work by a scientist will trigger more responses (citations) from scientific colleagues than low
quality work (Raan, Visser, van Leeuwen, & van Wijk, 2003). However, for many years now, the usefulness of citation
counts for measuring research impact has been questioned (see here MacRoberts & MacRoberts, 2010). It is thought that
the probability of being cited depends on many factors that do not have to do with the accepted conventions of scholarly
publishing.

In this study we examined the correlation between citation counts and a number of the factors that previous studies
had demonstrated to be associated with citation counts. In contrast to many other studies, however, the distinguishing
characteristic of this study is that the correlation of these factors with the citation counts of individual papers was examined
independently of the quality of the papers (as measured by their rated importance). This means that the adjusted covariation
between one factor and citation impact was determined. By using this particular design of analysis, our aim was to make it
largely impossible for higher or lower citation counts for a group of papers to not be attributable to their higher or lower
importance but rather attributable to membership in a certain group (for example, published in a non-English journal). We
examined a total of five factors: (1) the single publication h index for the cited references, (2) the number of authors, (3) the
language (English, or non-English or multiple) of the journal in which the publication appeared, (4) the chemical subfield,
and (5) the number (percentage) of authors of a paper who are listed in ISIHighlyCited.com.

This study found a statistically significant correlation with citation counts for four of five factors. Hence, the citation
counts of a paper in chemistry are not only connected with scientific quality (as measured here by reviewers’ ratings) but
also with the performance of the references cited in the paper, the language of the publishing journal, the chemical subfields,
and the reputation of the authors. As other studies have pointed out the importance of these factors as well (see Section 2),
based on the findings we recommend that these factors be taken into consideration in evaluations of a citation analysis in
chemistry. To control for these factors, they could - whenever possible - be considered in the statistical analysis (a regression
model) of bibliometric data as independent variables in addition to the variable of actual interest (see here as an example
Bornmann & Daniel, 2006).

As this study looked at only chemistry-related papers, it would be necessary to conduct a similar study also in other fields.
It would be important to examine whether in other fields the factors investigated here have an impact on citation counts
and whether further factors also play a role. For these studies we find it imperative that, just as we did here, the scientific
quality of the individual papers is controlled for using adequate indicators. It will also be important for further studies to
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examine the association between number of authors and citations. Contrary to the findings of previous studies, this study
did not find a statistically significant correlation between this factor and citation counts.
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