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a  b  s  t  r  a  c  t

Using  (binomial)  regression  analysis,  we run  models  using  citation  windows  of  one  to  ten
years  with  both  annual  citation  and  cumulative  citations  as  dependent  variables,  and  with
both bibliometric  and  quality  indicators  (judgments  of  peers)  as  independent  variables.
The  bibliometric  variables  are  the  Journal  Impact  Factor  (JIF)  of the  publication  medium,
the  numbers  of authors  and  pages,  and  the  statistical  citedness  of  the  references  used  within
the paper.  We  find  that the  JIF  has  a larger  influence  on the  citation  impact  of a  publication
than  the  quality  (measured  by  judgments  of peers).  However,  the  number  of pages  and  the
quality  of  the  references  are  less  influential.  The  influence  of JIF peaks  after  three  years  and
then declines  (in  most  regression  analyses),  but remains  higher  than  the  influence  of  quality
judgments  even  after  ten  years.  These  results  call into  question  a discrepancy  between  the
algorithmically  based  indicators  and the  qualitative  judgments  by experts.  The  latter  seems
less predictive  for future  citation  than  a combination  of  algorithmic  constructs.  The results
of this  study  can  contribute  to the  empirical  specification  of the  relevance  of  a normative
versus  a constructivist  theory  of citation.

© 2015  Elsevier  Ltd.  All  rights  reserved.

. Introduction

During the last decade, citation analysis in evaluative bibliometrics has invested in refining the methods of measuring and
omparing among different document sets in terms of their “citedness” and therefore perhaps “impact” after appropriate
ormalization for differences among fields of science, document types, and over time. Factors which influence the citedness
f papers, such as the publication venue, the number of co-authors, the length of a paper, the quality of its references, have
een studied using different databases: Web-of-Science (WoS), Scopus, and Google Scholar. In an overview of multivariate
nalyses of predictors of citations Onodera and Yoshikane (2014) summarized these independent variables as possibly strong
redictors of citedness: the Journal Impact Factor (JIF) appeared as a strong predictor in 12 out of the 13 studies analyzed;
ut the number of references and other features of references were equally strong predictors. The number of authors was  a

trong predictor in only five out of 13 studies, and the length of the papers only in four.

From the perspective of a normative theory of citation (Small, 2004), one would expect that the intellectual quality
f a paper becomes increasingly important in determining the respective citation rates the longer the citation window is
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(see also Bornmann, Leydesdorff, & Wang, 2014). But how would one measure intellectual quality and its influence on
citation? Referee reports preceding publication are confidential and cannot easily be compared across journals and fields.
However, a quality assessment system based on peer review is available in the bio-medical sciences: F1000 (Du, Tang, &
Wu, 2015; Waltman & Costas, 2014; Wouters & Costas, 2012). F1000 provides a post-publication peer review system of the
biomedical literature in terms of papers from medical and biological journals. This service is part of the Science Navigation
Group, a group of independent companies that publish and develop information services for the professional biomedical
community and the consumer market.

F1000 Biology was launched in 2002 and F1000 Medicine followed in 2006. The two  services were merged in 2009
and today constitute the F1000 database. Submissions to F1000 are selected by peer-nominated global “Faculty” of leading
scientists and clinicians who then rate the papers and explain their importance (F1000, 2012). This means that only a
relatively small set of papers from the medical and biological journals is reviewed, while most of this literature is actually
not rated (Kreiman & Maunsell, 2011; Wouters & Costas, 2012).

The Faculty of F1000 nowadays consists of more than 5000 experts worldwide, assisted by approximately 5000 associates,
who are organized into more than 40 subjects (which are further subdivided into more than 300 sections). On average, 1500
new recommendations are contributed by the Faculty each month (F1000, 2012). Faculty members can choose and evaluate
any paper that interests them; however, “the great majority pick papers published within the past month, including advance
online papers, meaning that users can be made aware of important papers rapidly” (Wets, Weedon, & Velterop, 2003, p.
254). Although many papers published in popular and high-profile journals (e.g. Nature,  New England Journal of Medicine,
Science) are evaluated, 85% of the papers selected come from specialized or less known journals (Wouters & Costas, 2012).

The papers selected for F1000 are rated by the expert-members as “good,” “very good,” or “exceptional,” which is equiv-
alent to the recommendation scores (RSs) of 1, 2, or 3, respectively. In many cases, a paper is not rated only by one single
member, but by several.

In this study, we use the RSs as an independent variable in the regression analysis on a par with the other independent
variables (JIF, number of authors, number of pages, and quality of the references) for the prediction of citations over time. Since
the independent variables are on different measurement scales, the coefficients of the binomial regression analysis cannot be
directly compared. We  use (i) the marginal effects of changing each independent variable holding all other variables constant,
and (ii) the increments in the variance explained (R2) by adding independent variables as measures for the contribution to
the prediction.

Both citation rates and accumulated citations during a ten-year period have been tested in a series of models, but in this
study we are able to address the question of how the relative influences of independent variables change over time. The
main findings are that the quality of the journal (measured as JIF), in which the paper was published, significantly contributes
to the citation more than the quality of the paper as rated by F1000. The numbers of pages and the normalized citedness
(mean normalized citation score, MNCS) of the references in each paper have less effect on citation than RS. In most of the
regression analyses, the effects of the JIF and the numbers of authors diminish with time beyond two  or three years.

2. Methodology

2.1. Data

In January 2014, F1000 provided one of us with data on all recommendations (and classifications) made, and the bib-
liographic information for the corresponding papers in their system (n = 149,227 records). This dataset contained a total of
104,633 different digital object identifiers (DOI), among which all are individual papers (with incidental exceptions). The
approximately 30% reduction of the dataset by the identification of unique DOIs can be attributed to the fact that many
papers received more than a single recommendation from Faculty members, and therefore appeared more than once in the
dataset.

For bibliometric analysis in the current study, citation counts (between the date of publication and the end of 2013)
and other bibliometric variables (such as the JIF) were matched at the paper level using an in-house database of the Max
Planck Society (MPG) based on the WoS  and administered by the Max  Planck Digital Library (MPDL). In order to create a
link between the individual papers and the bibliometric data, two procedures were used: (1) A total of 90,436 papers in
the dataset could be matched with a single paper in the in-house database using the DOI as a key; (2) in the case of 4205
papers of the 14,197 remaining papers (in which no match could be achieved using the DOI), the name of the first author,
the journal, the volume and issue numbers could be matched. Thus, bibliometric data is available for 94,641 papers of the
104,633 total (91%). This percentage approximately agrees with the value of 93% found by Waltman and Costas (2014), who
used a similar procedure to match data from F1000 with the bibliometric data using the in-house database of the Centre for
Science and Technology Studies (CWTS) in Leiden.

In order to obtain a ten-year citation window, we include in this study only papers which were published between 2000

and 2004. This reduces the data set to n = 9898 papers; none of the variables used in this study are missing for any of these
documents. This step thus ensures that annual citations over ten years are available for all the papers. Here the publication
year of the paper is taken as the first year, and citations are available for papers up to the year 2013 in the in-house database
of MPDL mentioned above.



2

S
o
h
H
&
p

n
c
c
l
a
c
w
o

a
e
i
s
g
r

o
m
c
y
y
t

3

3

t
a
d

t
a
r
i

o
p
r
o
v
d

i
i
s
F

t

L. Bornmann, L. Leydesdorff / Journal of Informetrics 9 (2015) 419–429 421

.2. Statistical procedures and software

The statistical software package Stata 13.1 (http://www.stata.com/) is used for the analysis; in particular, we use the
tata commands nbreg, regress, fitstat, and mchange (Long & Freese, 2014) for estimating a series of regression models. The
utcome variables (number of citations) in the models are count variables. They indicate “how many times something has
appened” (Long & Freese, 2014, p. 481). The Poisson distribution is often used to model information on the basis of counts.
owever, this distribution rarely fits in a statistical analysis of bibliometric data, due to overdispersion (Allison, 1980; Chen

 Leydesdorff, 2013). “That is, the [Poisson] model underfits the amount of dispersion in the outcome” (Long & Freese, 2014,
. 507).

Since the standard model to account for overdispersion is the negative binomial (Hausman, Hall, & Griliches, 1984),
egative binomial regression models are calculated in the present study (Hilbe, 2007). In the case of citation counts, one
an also consider zero-inflated negative binomial regression models (ZINBRM), since one can expect many papers with zero
itations. However, these models assume that there are two different mechanisms for citations: a first mechanism would
ead to the fact that a paper is cited at all, and a second mechanism that allows other citations to follow the first. Since this
ssumption is not specified for citations (there is no known difference in the mechanism for the first citation and the later
itations), we did not use ZINBRM in this study. Following the recommendations of Thelwall and Wilson (2014), however,
e additionally calculated ordinary least squares regression models based on logarithmized citation data. The comparison

f the results of these models with those of the negative binomial regression models will prove the stability of the results.
The regression models are calculated with robust standard errors, since it cannot be assumed that the papers and their

ttributions are independent of one another for every case in the data set. Thus, in these models the traditional standard
rrors are replaced by robust standard errors. These standard errors “are considered robust in the sense that they are correct
n the presence of some types of violations of the assumptions of the model” (Long & Freese, 2014, p. 103). For example,
ome papers have the same authors or were evaluated by the same Faculty members. Hilbe (2014) even gives the following
eneral advice for the modeling of count data: “Unless your Poisson or negative binomial model is well fitted and meets its
espective distributional assumptions, use robust or empirical standard errors as a default” (p. 133).

The regression models are used in this study to test the influence of the various factors named above (such as the number
f authors) on the citation counts of a paper over a citation period of ten years. Whereas in one part of the regression
odels the annual citation counts of the papers between the publication year (c0) and the ninth year (c9) after publication

onstitute the dependent variable, for the other part of the models the cumulative citation counts between the publication
ear (cc0 = c0) and the ninth year (cc9) constitute the dependent variable. The cumulative citations refer to the counts in the
ears between publication and the year in question (for example, cc2 includes the first two  years after publication—including
he publication year).

. Results

.1. Descriptive statistics

Table 1 lists the dependent and independent variables included in the regression models. Whereas the cumulative cita-
ions in Table 1 show a definite upward trend over the years (from 3.3 citations in cc0 up to 140.97 citations in cc9), the
nnual citations reach a peak at about three years after publication (17.18 citations in model c3), and then the citations
ecline slightly in the following years. In model 10 (c9), the papers are still cited 13.42 times on average in the tenth year.

The lower part of Table 1 shows the independent variables which are used in all these models. The first variable in the
able—the mean RSs—reflects the quality attributed by Faculty to the F1000 papers. Since some papers received more than

 single recommendation from different Faculty members, an average score is calculated for each paper. The JIF in Table 1
efers to the publication year of the papers under study: if a paper was  published in the year 2004, the JIF for this same year
s used in the analysis. As the numbers in the table show, the JIFs for the papers vary widely: they range from 0.53 to 35.04.

In addition to the number of authors and the size of the paper (number of pages) the model also includes the mean impact
f the cited references as an independent variable. Since we can assume that the F1000 papers in the data set have cited
apers from very different publication years and subject categories, the mean normalized citation scores (MNCS) of the cited
eferences was used instead of the raw citation counts of the papers cited. Using this indicator allows for the comparison
f the impact of papers cited across various time periods and subject categories (Waltman, van Eck, van Leeuwen, Visser, &
an Raan, 2011). For each paper, an average value is obtained from the NCSs of the cited references of a paper in the F1000
ata set.

Since NCSs for the papers in the MPDL in-house database are only available for papers published after 1979, only the
mpact of the papers published since then can be used in this study (in each case the citation impact of the reference between
ts publication year and the end of 2013). Furthermore, only the citation impacts of papers can be used which are in the

ource code of WoS  (i.e., are linked to a paper indexed in WoS) (Marx & Bornmann, 2015). However, since all papers in the
1000 data set are from the biomedical area, a large majority of the cited references were also linked in WoS.

With a value of 10.95, the MNCS for the cited references is large (a value of 1 is the worldwide average). On the one hand,
he large value is the result of a few extremely large NCSs in the dataset. On the other hand, the highly cited F1000 papers

http://www.stata.com/
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Table 1
Dependent and independent variables included in the negative binomial regression models based on (1) annual and (2) cumulative citation counts (n = 9898
papers  published between 2000 and 2004).

Variable Mean Standard deviation Minimum Maximum

(1) Annual citation counts (dependent variable)
c0 (model 1) 3.30 6.84 0 169
c1  (model 2) 14.27 19.55 0 493
c2  (model 3) 17.18 23.18 0 553
c3  (model 4) 16.87 23.76 0 705
c4  (model 5) 16.39 24.04 0 642
c5  (model 6) 15.74 23.75 0 561
c6  (model 7) 15.12 23.38 0 452
c7  (model 8) 14.57 23.30 0 467
c8  (model 9) 14.11 23.50 0 447
c9  (model 10) 13.42 23.32 0 544

(2)  Cumulative citation counts (dependent variable)
c0  (model 1) 3.30 6.84 0 169
cc1  (model 2) 17.56 25.16 0 591
cc2  (model 3) 34.75 47.06 0 1082
cc3  (model 4) 51.61 69.46 0 1596
cc4  (model 5) 68.00 92.11 0 2238
cc5  (model 6) 83.74 114.36 0 2799
cc6  (model 7) 98.87 136.07 0 3251
cc7  (model 8) 113.44 157.53 0 3673
cc8  (model 9) 127.55 179.08 0 4046
cc9  (model 10) 140.97 200.44 1 4395

(3)  Independent variables (for all models)
Mean recommendation score 1.43 0.55 1 3
Journal  Impact Factor (JIF) 13.78 9.27 0.53 35.04
Number of authors 6.00 4.82 1 86

Number of pages 8.02 3.65 1 44
Mean  impact of references 10.95 14.16 0.53 245.98

(see the results of Bornmann, 2014) seem to lean on the shoulders of other highly-cited papers (Bornmann, de Moya-Anegón,
& Leydesdorff, 2010; Merton, 1965).

3.2. Results of the regression analysis

Table 2 shows the results of the 20 negative binomial regression models based on (1) annual and (2) cumulative citation
counts. As these results show, most of the coefficients are statistically significant. This was to be expected, since with the large
sample used in this study, even small effects lead to statistically significant results (Kline, 2004). Note that the coefficients
of the regression on each independent variable cannot be compared with one another because the coefficients are not
standardized.

In order to express the size of the effects of the independent on the dependent variables, two  further evaluations are
undertaken as a follow up to the regression analyses. The results are shown in Fig. 1:

(1) Marginal effects were calculated, which “indicate the change in the rate [here: citation rates] for a given change in one
independent variable, holding all other variables constant” (Long & Freese, 2014, p. 493). With the help of the marginal
effects one can visualize how the citation counts in one year would change in dependency on an independent variable
while all other independent variable in the model were held constant. Since the independent variables in this study are
of very differently scales, Fig. 1 shows the effect of one standard deviation (SD) change of an independent variable on
the dependent variable. For example, a standard deviation change in the RS (a value of 0.55, see Table 1) on average
increases a paper’s expected citation rate for the first year after publication (c1) by 1.8, holding other variables at their
observed values.

(2) In addition to the effect of a marginal change of one standard deviation, Fig. 1 shows the increments in R2 in the right
column. This is another approach to comparing the weight of variables in a regression model (Acock, 2014). Since
negative binomial regression analyses do not rely on ordinary least squares, various pseudo-R2 coefficients are output as
an additional result of the regression analysis. Among these coefficients—any of which might provide information about
the quality of a model—we chose to use Cragg–Uhler’s (Nagelkerke) coefficients in this study (Cragg & Uhler, 1970): This

coefficient is independent of sample size, it explains the variability of the dependent variable explained by the model,
it lies between 0 and 1, and it agrees with the coefficient R2, if both coefficients (R2 and pseudo-R2) can be calculated
for a model. A value of zero means that the model says nothing about the variability of the dependent variable; a value
of one means that the variability in the dependent variable is completely explained. For each independent variable in
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Table  2
Results of 20 negative binomial regression models based on (1) annual and (2) cumulative citation counts (n = 9898 papers from 2000 to 2004).

Annual citation counts Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
c0  c1 c2 c3 cc c5 c6 c7 c8 c9

Mean recommendation
score

0.22*** 0.22*** 0.23*** 0.23*** 0.24*** 0.24*** 0.26*** 0.27*** 0.26*** 0.28***

(7.46) (12.33) (12.73) (11.72) (11.29) (10.54) (10.95) (10.42) (9.25) (9.39)
Journal Impact Factor 0.06*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05***

(29.65) (46.42) (42.69) (40.19) (36.51) (35.28) (33.95) (31.41) (29.24) (28.09)
Number of authors 0.04*** 0.03*** 0.04*** 0.04*** 0.03*** 0.03*** 0.03*** 0.03*** 0.03*** 0.03***

(10.16) (15.11) (15.69) (14.76) (13.54) (12.61) (11.67) (11.00) (10.46) (9.56)
Number of pages −0.01** 0.01* 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.02*** 0.02*** 0.02***

(−2.84) (2.15) (4.12) (4.80) (4.45) (4.54) (4.39) (4.36) (4.12) (4.19)
Mean  citation impact of

linked references
0.00*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01***

(4.62) (9.22) (8.34) (7.94) (7.12) (6.64) (5.84) (6.18) (5.55) (5.41)
Constant −0.31*** 1.09*** 1.28*** 1.23*** 1.19*** 1.14*** 1.09*** 1.02*** 1.02*** 0.92***

(−4.58) (27.61) (33.46) (30.42) (27.13) (24.90) (22.57) (19.57) (18.63) (15.59)

Cumulative citation counts Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
c0  cc1 cc2 cc3 cc4 cc5 cc6 cc7 cc8 cc9

Mean recommendation
score

0.22*** 0.22*** 0.22*** 0.22*** 0.23*** 0.23*** 0.24*** 0.24*** 0.24*** 0.25***

(7.46) (11.88) (12.96) (12.87) (12.72) (12.47) (12.40) (12.26) (11.98) (11.78)
Journal Impact Factor 0.06*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05*** 0.05***

(29.65) (44.84) (45.87) (45.13) (43.70) (42.64) (41.75) (40.76) (39.67) (38.70)
Number of authors 0.04*** 0.03*** 0.04*** 0.04*** 0.04*** 0.04*** 0.04*** 0.03*** 0.03*** 0.03***

(10.16) (14.57) (15.69) (15.75) (15.44) (15.07) (14.68) (14.29) (13.94) (13.54)
Number of pages −0.01** 0.00 0.01** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01***

(−2.84) (0.81) (2.58) (3.52) (3.91) (4.18) (4.33) (4.44) (4.47) (4.50)
Mean  citation impact of

linked references
0.00*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01*** 0.01***

(4.62) (8.67) (8.93) (8.78) (8.44) (8.11) (7.74) (7.54) (7.27) (7.05)
Constant −0.31*** 1.30*** 1.98*** 2.36*** 2.63*** 2.83*** 2.99*** 3.11*** 3.23*** 3.32***

(−4.58) (31.59) (52.58) (63.49) (69.62) (73.61) (76.35) (77.69) (78.52) (78.67)

Notes. t statistics in parentheses.
* p < 0.05.

** p < 0.01.
*** p < 0.001.

Fig. 1. Marginal effects (+SD) and partial pseudo R2s of the independent variables included in the regression models based on annual (c0 to c9) and
cumulative (c0 to cc9) citation counts.
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the model, the increase of the coefficient when that variable is entered, is provided after all the other variables already
entered the model (Acock, 2014).

Fig. 1 shows the marginal effects (left graphics) and partial pseudo R2s (right graphics) of the independent variables which
were included in the regression models based on annual (c0 to c9, upper graphics) and cumulative (cc0 to cc9, lower graphics)
citation counts. The results shown in the various graphics look very similar—with the exception of the one in the bottom-left
quadrant. Over the entire period of ten years, the correlations between JIF and the citation counts are significantly higher
than for the other independent variables. This result suggests strongly that an important role is played for predicting the
later citation of a paper (during a period of ten years) by the journal in which the paper is published. However, the graphics
also show that this correlation becomes weaker over the years. The correlation rises at first until the second or third year
after a paper appears, and thereafter tends to fall off.

Since JIF itself can be considered as a two-year moving average, this highest correlation after two or three years is no
surprise. However, this decreasing correlation over the years does not appear in the visualization of the marginal effects based
on the cumulative citations in the graph at the bottom-left. In this case, a continuously increasing effect can be seen over the
years for the JIF and the other independent variables. Since for the cumulative citations—unlike the annual citations—every
year provides more citations (as the dependent variable), an increase of one standard deviation in an independent variable
is associated with more citations for analytical reasons. Note that this continuous increase, however, is not visible with the
partial pseudo R2s, which are based on the cumulative citations. Using this measure, it becomes equally apparent that after
a peak in the third or fourth year, JIF explains a decreasing part of the variability in the cumulative citation counts. Although
the decline of the partial pseudo R2s is less than in the case of the annual citation counts, the result still indicates a decreasing
effect of JIF even on cumulative citations in the course of time.

The number of authors of these F1000 papers is the independent variable which, after the JIF, exercises the strongest
effect on the citation counts (albeit at a significantly lower level). This independent variable also shows an initially increasing
correlation with the citation impact over the years, which then (after about the second or third year) decreases. The number
of authors is perhaps a multiplication effect of specific audiences for each author involved (Narin, Stevens, & Whitlow, 1991);
this social (audience) effect can be expected to lose significance after a number of years.

Contrary to expectations, the mean RSs play less of a role in the later citation impact than the JIF and the number
of authors. Since the RSs entered the analysis as proxies for the quality of the F1000 papers, one would have expected
a significantly higher correlation with the citation counts. However, in the case of the RSs—in contrast to JIF and the
number of authors—it appears that the effect does not decline after the second or third year after publication. The effect
continues at a level that may  be low, but is still constant. There are two  characteristics of the RS variable which may
partly explain why its effect in the models is relatively small. (1) The RS variable is frequently based on the opinion
of just one Faculty member. The results of Bornmann (in press) show that F1000 papers received between one and
20 recommendations from different Faculty members. Most of the papers (around 94%) have a single recommendation
(around 81%) or two recommendations (around 13%). (2) The reliability analysis of the F1000Prime peer review system
by Bornmann (in press) shows a rather low level of agreement between Faculty members. This result is in agreement
with most other studies which have been published on journal peer review (Bornmann, 2011). Both characteristics of the
RS variable can lead to an un-reliable quality assessment of F1000 papers and thus, a small effect in the models of this
study.

The lowest correlation with the citation counts appears in Fig. 1 for the independent variables “number of pages” and
“mean citation impact of the linked references”. Since current research always builds on the results of earlier research,
one could have imagined a stronger effect of the average impact of the references (Bornmann et al., 2010; Merton, 1965).
Research which continues from important earlier research might also be important itself, and lead to citations accordingly.
However, the effect of these two independent variables remains constant after two  or three years.

In order to test the stability of the reported empirical results, we  re-calculated the regression models based on three
different model specifications. In the following, only the visualizations of the regression models’ results are shown. The
coefficients and t-statistics are not shown to reduce the size of this paper.

(1) Squared terms: Following the arguments of Bornmann and Williams (2013) one could claim that the results of the
regression models shown in Table 2 and Fig. 1 are based on questionable assumptions. For example: can one assume that
the more pages a paper has, the higher the impact will be in terms of citations? It is probably more reasonable to assume
that, after a certain point, additional pages generate decreasing benefit or even diminish the likelihood of a paper to be cited.
Similarly, one might expect diminishing returns for higher JIFs, i.e., it is better to be published in a more influential journal,
but above a certain JIF value the benefits may  decrease. To address such questions, an additional 20 regression models were
calculated, in which squared terms for JIF, number of authors, and paper length were added.

Squared terms allow for the possibility that the variables involved eventually have diminishing benefits or even a negative
effect on the dependent variable (Berry & Feldman, 1985). For example, while a single-page paper may  be too short to have
much impact, a paper that gets too long may  be less likely to be read and cited. In most of our regression models, the squared

terms are negative, highly significant, and theoretically plausible. Fig. 2 shows the marginal effects (+SD) and partial pseudo
R2s of the independent variables which were calculated subsequent to the regression models. However, as the results in the
figure show, they hardly differ from those resulting from the models without squared terms (see Fig. 1). Therefore, we can
let this assumption rest.
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ig. 2. Marginal effects (+SD) and partial pseudo R2s of the independent variables included in the regression models based on annual (c0 to c9) and
umulative (c0 to cc9) citation counts (regression models with squared terms for JIF, number of authors, and number of pages included).

(2) Total RSs: In the case of publications with multiple RSs in F1000, we  took the average score as the quality variable
see above). One could argue that one should take the total score instead. The total scores are also visible for every paper in
he F1000Prime system, which are used to rank the papers in each discipline. A publication with one recommendation with

 RS of 3 can be expected to be of lower quality than another publication with two  recommendations, one with a RS of 3 and
ne with a RS of, say, 2. The first publication has been recommended by only one Faculty member. The second publication
as been recommended by two members. One Faculty member has given the highest RS to this publication, just like in the
ase of the first publication, but in addition there is a second member who has also given a RS, albeit not the highest one.
hus, we tested whether the total rather than the average RSs of a publication as independent variable changes the results.

Fig. 3 shows the marginal effects (+SD) and partial pseudo R2s of the independent variables included in the regression
odels based on annual (c0 to c9) and cumulative (c0 to cc9) citation counts. As the comparison of the graphics with those

n Fig. 1 shows, the results are similar. We  see diminishing correlations for the JIF and the number of authors and more or
ess constant correlations for the RSs (sum scores), the impact of the references and the number of pages. The most visible

ifference between Figs. 1 and 3 is that the RS has a higher correlation with citations (higher than that with the number of
uthors). The total score seems to reflect the quality of a paper better than the average score.

(3) Ordinary least squares regression: The results of Thelwall and Wilson (2014) show that negative binomial regression
eems to be unsafe for citation data, because it can give false positives at a much higher rate than indicated by the confidence

ig. 3. Marginal effects (+SD) and partial pseudo R2s of the independent variables included in the regression models based on annual (c0 to c9) and
umulative (c0 to cc9) citation counts. The models are based on the sum of the recommendation scores instead of the mean.
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Fig. 4. Marginal effects (+SD) and partial pseudo R2s of the independent variables included in the regression models based on annual (c0 to c9) and
cumulative (c0 to cc9) citation counts (logarithmized citations + 1). The results are based on ordinary least squares regressions instead of negative binomial
regressions (Thelwall & Wilson, 2014).

level used. As limitations of their study, the authors point out that “they only deal with the simplest case of a single factor but
it seems likely that the same conclusions would be drawn for more complex factors. Moreover, the unreliability of negative
binomial regression for citations is probably overestimated by the simulation approach used here since real citation data
will be bounded” (p. 967). Despite these limitations of their results, we re-calculated the models by adding 1 to the citation
data, took the logarithm, and used ordinary least squares regression.

The results are shown in Fig. 4. The figure shows the marginal effects (+SD) and partial pseudo R2s of the independent
variables included in the regression models based on annual (c0 to c9) and cumulative (c0 to cc9) (logarithmized) citation
counts. According to the size of the correlations between independent variables and citations, the results are in agreement
with those visualized in Fig. 1. The effect of the JIF on citations is the highest, followed by the number of authors. The
difference of Fig. 4 to Fig. 1 is that the diminishing effects of the independent variables (JIF and number of authors) in Fig. 4
are not as clearly visible as in Fig. 1.

4. Discussion and conclusions

Since factors that influence citation counts (such as publication year and field of science) are used to normalize citation
counts in advanced bibliometrics, the role of such factors has been an important topic in bibliometric research. Were it to
be established that factors other than publication year and subject category exercise a systematic influence on citations
(namely factors which have hardly anything to do with the quality of a paper), bibliometricians would have to consider
whether these other factors should also be taken into account when normalizing citations. Bibliometrics is thus concerned
with the various factors influencing citations in order to approach closer to the measurement of the quality construct with
the help of citation statistics.

Unfortunately, there has not yet been a standard for the validation of citation counts in terms of their correlation with
quality: “There is no standard for the validation of counts of papers and citations as they relate to quality. For example, much
can be written about a mistake” (Panel for Review of Best Practices in Assessment of Research, 2012, p. 34). As the results of
this study show, one can assume the existence of other factors which may  exercise a (significant) effect on citation rates.

Our results are in agreement with most other studies published to date. The journal in which a paper was  published,
emerges in this study as the most important factor (which is also in agreement with most other studies (Didegah & Thelwall,
2013; Onodera & Yoshikane, 2014)). But it is also apparent from regression models of the current study that the influence
of some factors changes with time (Bornmann et al., 2014). This means we  found diminishing effects for both independent
variables in some, but not in all regression analyses. In these models, it can be seen that the correlation with citation counts
weakens both for JIF and for the number of authors—after a peak in the second or third year after the publication of a paper. As
the citation counts for a paper can be expected to decrease beyond three or more years, the effects of these two  independent
variables are also reduced. We  mentioned that JIF can be considered as a two-year moving average, so that it best indicates

short-term impact (Bensman, 2007; de Solla Price, 1970). The number of authors was suggested to be associated with an
audience effect that equally can be expected to fade away after a few years.

In addition to JIF and the number of authors, the current study also used the mean RSs (peer judgments), the number of
pages, and the MNCSs of the linked references into account. Unlike JIF and the number of authors, these three factors showed
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o decreasing effects over the years. After a rise in the first few years, their effect hardly changes during the following years.
ere, the results of all calculated regression models are in agreement.

In summary, the results of the current study indicate that the citation impact of a paper is influenced by various factors
hich—seen over time—can have a different effect on the impact. The JIF and the number of authors show—compared with

ther factors—a (strong) correlation with the citation count of a paper: The higher the reputation of a journal (measured by
IF) and the more authors a paper has, the stronger the expected boost on the impact of the paper, particularly two to three
ears after its appearance.

Furthermore, the results about the three other independent variables suggest that the factors which indicate the quality
r the contents of a paper have a relatively constant effect on the number of citations over the years. Whereas the number
f pages of a paper can perhaps indicate the number of research results reported in a paper, the mean citation impact of
he linked references can be expected to reflect the quality of the research on which the authors of a paper have based
hemselves in their research. The mean RSs is based on an assessment of the quality of a paper by experts in the field.

The results of this study can contribute to the empirical specification of the relevance of a normative versus a constructivist
heory of citation. From the former perspective—usually attributed to Merton (1988)—citation tends to be considered as an
tom of peer recognition (see also Kaplan, 1965), whereas the constructivist perspective emphasizes the rhetorical function
f citation in the weaving of texts (Cozzens, 1989; Gilbert, 1977; Luukkonen, 1997). Our results suggest that the quality or
he content of a paper can be expected to lead to a constant citation impact over the years—if one would have measured only
hese two aspects as independent generators of citation counts. However, the typical development of the citation curves
ver the years (as can also be seen in Table 1) seems mainly to be attributable to the effect of the JIF of the journal (!)
nd—perhaps—the number of authors. In our opinion, the impact of a paper can thus be analytically divided into two  parts:
rst, the impact of a paper is related to its cognitive content, but, secondly, a larger part of the impact can be attributed to the
ublication medium of a paper and other para-textual characteristics (this differentiation was proposed by Randić,  2009).

Even if citations thus do not mainly measure the quality of the research (Macilwain, 2013), it nevertheless seems possible
o extract a partial correlation for the quality aspect of the citations. However, this quality aspect is hidden behind a range of
xtrinsic factors which—alongside quality—also exercise an influence on the citation rates. As Colliander (2014) formulated:
Consider a case where two articles have the same utility and influence with respect to the judgment of the peers they are
ddressing. If the two sets of peers are not identical then the citation counts of the two articles are partly dependent on factors
uch as the citation behavior in the two sets (propensity to cite)” (p. 1). In a similar vein, Leydesdorff and Amsterdamska
1990) formulated: “(. . .)  whether or not a scientific contribution will be cited seems to depend in the first instance on
hether citing authors can use the reference in their texts. Whether they in turn will be able to do so depends on the current
evelopment of the field; and hence, citations are not a valid indicator of the quality of cited papers at the moment they are
ublished” (p. 326, Cozzens, 1989).

Textual dynamics seem to exercise such a strong effect on the citation impact, that the citation impact of a paper in the
rst years after its publication can even be predicted from these factors. This conclusion was  drawn, for example, by Yu, Yu,
i, and Wang (2014), who collected a large set of para-textual features of a paper for the explanation of citation impacts,
amely features of authors, features of the journal of publication, and features of citations involved in constructing a paper’s

eature space.
In the interpretation of the results of this study (and also of other similar studies) one should keep in mind that not only

itation impact, but also the idea of quality is a multidimensional phenomenon. Not only citations display many dimensions,
ut also quality, as the following quotation makes clear: “Research quality is a complex, multidimensional attribute that
akes into account various factors such as originality, rigor, and scientific impact (but does not include consideration of
roader socio-economic impacts of research)” (Council of Canadian Academies, 2012, p. 11). Martin and Irvine (1983) first
istinguished between the “impact” as an aspect of scientific quality (the ‘impact’ of a publication describes its actual

nfluence on surrounding research activities at a given time) and “importance” (the influence on the advance of scientific
nowledge) or “quality” (how well the research has been done). These authors considered “impact” as the most important
ndication for scientific progress. Since both citation impact and quality are multidimensional phenomena, however, and
he various dimensions are not identical, the interpretation of results which are derived from the correlation between the
wo phenomena remains a difficult undertaking.

. Recommendations for future studies

The current study was restricted to papers from the biomedical area and their citations. Since citation is a relatively
ommon practice in these sciences, the evaluation of the annual citation rates can as a rule be based on large numbers.
eydesdorff and Amsterdamska (1990) also used biomedical data. The biomedical fields are special in having often very fast
esearch fronts (de Solla Price, 1970). Therefore, it would be desirable to repeat this study with data from other fields of
cience, in order to check the generality of the results; but in these cases, attention should be paid to the requirement of
ufficiently large samples.
While most of the F1000 papers can be attributed to the biomedical area in some broad sense, the results of Bornmann
nd Marx (2015) show that these papers are quite subject heterogeneous and that they are distributed over a large number of
oS  subject categories. Since we controlled for the JIF in the regression models when looking at the independent effect of the

ther independent variables, one could argue that we  are addressing this problem. However, it would be desirable that some
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kind of field-normalization of citation data should be used in future studies (especially if data from very heterogeneous fields
are used). Here, it should be noted that the generation of field-normalized citation data for single citing years is a sophisticated
process.

Based on our results, we analytically divided the impact of a paper into two  parts: first, its cognitive content, and, secondly,
the publication medium and other para-textual characteristics. In principle such an analytical distinction can be made, but
our empirical analysis only partially reflects this analytical distinction. Our empirical analysis is unable to distinguish in an
accurate way between the effect of quality or cognitive content on the one hand and the effect of para-textual characteristics
on the other hand. Thus, we would like to encourage further scientometric research on citation counts over longer time
periods using independent variables which differentiate between the cognitive content and para-textual characteristics in
a better way than we did.

In this study, we have obtained quality judgments of papers from F1000. However, F1000 provides scores only for a small
proportion of all available publications (Waltman & Costas, 2014). Essentially, these scores represent recommendations by
Faculty members. The fact that a publication has a score in F1000 means that it has been recommended. Publications not
included in F1000 do not have a recommendation. Obviously, none of the F1000 members considered these publications to
be of sufficient value or importance to provide a recommendation. From this point of view, it can be argued that the fact that
a publication is included in F1000 is in itself an indication of quality. Indeed, the results of Bornmann (in press) show that
publications included in F1000 on average can be expected to be of higher impact than publications that are not included
in F1000. Thus, by using the F1000 data set in this study, the quality scale of the papers is biased to high performers. Future
research should try to avoid this bias by using a dataset covering the full quality range.
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