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Abstract

This study is one of the first that uses the recently introduced open access (OA) labels in
the Web of Science (WoS) metadata to investigate whether OA articles published in Direc-
tory of Open Access Journals (DOAJ) listed journals experience a citation advantage in
comparison to subscription journal articles, specifically those of which no self-archived
versions are available. Bibliometric data on all articles and reviews indexed in WoS, and
published from 2013 to 2015, were analysed. In addition to normalised citation score
(NCS), we used two additional measures of citation advantage: whether an article was
cited at all; and whether an article is among the most frequently cited percentile of articles
within its respective subject area (pptopX %). For each WoS subject area, the strength of
the relationship between access status (whether an article was published in an OA jour-
nal) and each of these three measures was calculated. We found that OA journal articles
experience a citation advantage in very few subject areas and, in most of these subject
areas, the citation advantage was found on only a single measure of citation advantage,
namely whether the article was cited at all. Our results lead us to conclude that access sta-
tus accounts for little of the variability in the number of citations an article accumulates.
The methodology and the calculations that were used in this study are described in detail
and we believe that the lessons we learnt, and the recommendations we make, will be of
much use to future researchers interested in using the WoS OA labels, and to the field of
citation advantage in general.
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Introduction

The Budapest Open Access Initiative (BOAI) declaration (Chan et al. 2002) contains one
of the first and most definitive definitions of open access (OA) to peer-reviewed journal
publications, and it lay the foundation of the OA movement (Miguel et al. 2016, p. 7).
Sentiments in this declaration that proclaim the benefits of OA for authors of scientific
literature and for their institutions and readers, lie at the core of the calls made by OA
proponents for support of OA. Some of the suggested benefits of OA include accelerated
research, enriched education, reduced costs to disseminate research, and increased visibil-
ity and impact of research. With an increase in prevalence of OA peer-reviewed journal
publications since the declaration, and a new method to identify OA journal articles, it is
now possible to investigate, on a sufficiently large scale, whether the proclaimed benefits
have indeed been realised. We investigate the veracity of the claim of the BOAI declaration
that OA provides a “vast and measurable” increase in “impact” and “visibility” of peer-
reviewed journal publications, as measured through citations (Chan et al. 2002, p. 1), i.e.
that those publications experience an OA citation advantage (Kurtz et al. 2005, p. 11). This
claim is referred to as the OA citation advantage postulate (Craig et al. 2007). We specifi-
cally investigate the OA citation advantage postulate as it pertains to OA journal articles, in
comparison to subscription journal articles. In order to control for potential differences in
citation behaviour across OA types, we limited our results analysis to only one type of OA,
excluding other types of OA, e.g. OA self-archived articles and hybrid OA articles.

Our investigation involved analysing bibliometric data on articles published from 2013
to 2015, as indexed in the Clarivate Analytics Web of Science (WoS) citation index, and
disaggregating by WoS subject area. It is one of the first studies that use the recently intro-
duced OA labels in the metadata and as such includes a description of the characteristics of
the OA label as used by WoS. Using those labels allowed us to identify OA journal articles,
and to distinguish between subscription journal articles for which self-archived versions
are available, and those for which no such versions are available. In addition, these labels
allowed us to investigate the previously anecdotal observation that OA journal articles are
more likely than subscription journal articles to be written in a language other than Eng-
lish. The study improves on previous studies on the OA citation advantage by measuring
not only the mean number of citations articles have received, but by using two additional
measures of citation advantage, viz whether an article was cited at all; and whether an
article is among the most frequently cited percentile of articles within its respective subject
area (pptopX %). As far as we could ascertain, these two measures have rarely been applied
to the investigation of the OA citation advantage.

A conceptual and empirical review of the open access citation
advantage

The notion that OA provides a measurable increase in visibility is based on the idea that
OA articles are available to a larger audience than they would be if published in non-OA
outlets, as access is not limited by a “paywall” and as such, the audience of OA articles
includes anyone that has access to the internet (Harnad et al. 2008). Visibility, readership
and impact are often measured by citations and, arguably, researchers can only use and cite
articles that they can read. Thus, the basis of the OA citation advantage postulate is that
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articles that are rendered OA will receive more citations than articles of the same quality,
but to which access is limited, and that this is due to the increase in the size of the audience
able to cite the OA articles (Cullen and Chawner 2011, p. 463). It is important to note that,
in both cases, the articles still need to report on original, quality research to attract citations
(Gargouri et al. 2010, p. e13636).

Since the early 2000s, various studies have been conducted to examine whether OA
leads to a citation advantage (e.g. Lawrence 2001; Antelman 2004; Kurtz et al. 2005;
Hajjem et al. 2005, Sotudeh and Horri 2007). These initial studies not only assisted with
identifying the mechanisms through which an OA citation advantage could possibly be
explained (Davis and Fromerth 2007; Sotudeh and Horri 2009), but also found that an
OA citation advantage differs across the various types of OA (e.g. green, gold, hybrid)
(Archambault et al. 2014b, p. 20; Periances-Rodriguez and Olmeda-Gémez 2019, p.
1743) and subject areas (Dorta-Gonzélez et al. 2017). However, there is still no consen-
sus whether an OA citation advantage exists, as previous studies, and therefore also their
results, differ in terms of the types of OA and subject areas investigated, as well as the sam-
pling methods, and citation indexes used.

The introduction of additional data labels associated with OA into WoS facilitated new
research into OA publications. In 2014, WoS introduced a data label which allowed for the
identification of articles published in OA journals listed on the Directory of Open Access
Journals (DOAJ) (Torres-Salinas et al. 2016). In 2017, Unpaywall data were added to the
WoS citation index, which expanded the classification of OA articles to include additional
types of OA (particularly green OA) and classified articles individually and no longer sim-
ply based on the journal it is published in (Basson 2019). This opened up new possibil-
ities to investigate OA and the OA citation advantage. These labels were again updated
in 2019, as the Unpaywall data underwent additional changes resulting in additional OA
labels introduced in the WoS metadata (Clarivate Analytics 2018; Basson 2019). We made
use of these new opportunities to investigate the whole population of articles indexed in
WoS (published from 2013 to 2015), while many of the previous studies referred to above,
had to rely on smaller samples. We also improve on the previous studies by using multiple
measures to investigate the OA citation advantage postulate, which has previously been
measured primarily by comparing OA articles to non-OA articles in terms of the mean
number of citations they receive (e.g. Dorta-Gonzalez et al. 2017; Van Leeuwen et al.
2018). As the distribution of citations across articles is severely skewed, the mean number
of citations of any grouping of articles is influenced by a small group of extremely fre-
quently cited articles (Porter 1977, p. 263). It has therefore been recommended that other
measures of citation impact should also be used when conducting citation analysis using
citation counting (Waltman 2016, p. 371).

We used two alternative measures that have been suggested in the literature, namely an
article’s presence among (1) uncited articles; and (2) frequently cited articles. With regard
to the former, it is relevant to note that receiving any citations is often seen as a measure
of visibility (Cronin 1984, p. 25), while articles that are never cited are sometimes viewed
as obsolete and as not contributing to science (Burrell 2002, p. 232; Cronin 1984, p. 32).
As such, determining whether OA articles are less likely to remain uncited than their non-
OA counterparts can be considered a valid measure of the OA citation advantage. It com-
plements other measures of citation advantage, as it could be argued that, while a wider
audience does not necessarily lead to an article receiving an exceptionally high number of
citations, the increased visibility could lead to an article being more likely to be cited at all.
As far as we can ascertain, this measure of citation advantage has not been used previously
to directly investigate the OA citation advantage postulate. However, a few studies have
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investigated uncited articles within the context of OA, and those found that OA journal
articles in some subject areas are less likely to remain uncited than their non-OA coun-
terparts. For example, a study of WoS-indexed articles published from 2001 to 2003 in
the subject areas ‘Engineering and material sciences’, ‘Life sciences’, ‘Multidisciplinary
sciences’, and ‘Natural sciences’, found that a smaller percentage of articles published in
OA journals remained uncited in comparison to articles published in non-OA journals
with the exception of those in ‘Life sciences’ (Sotudeh and Horri 2007, p. 2148). Similar
results have been reported for hybrid OA articles published in 2004 in the Proceedings of
the National Academy of Sciences of the United States of America (PNAS), using citation
data from WoS (Eysenbach 2006, p. 693).

The second alternative measure that we used, is a percentile-based indicator of the pres-
ence of articles among frequently cited articles. Such indicators are commonly used to
investigate the most frequently cited articles (Waltman and Schreiber 2013, p. 372; Tijssen
et al. 2002; Van Leeuwen et al. 2003). It is therefore quite surprising that this indicator
has rarely been used when investigating whether OA journal articles experience a citation
advantage. The few such studies that we identified mostly investigated types of OA other
than OA journal articles (e.g. Gargouri et al. 2010 studied self-archived articles).

However, three exceptions merit discussion here. First, Torres-Salinas et al. (2016)
investigated the percentage of OA journal and non-OA journal articles among the 10%
most frequently cited articles published in selected disciplines by authors with a Spanish
affiliation, using WoS for citation data and WoS’s initial OA labels to identify OA journal
articles. They found that OA journal articles did not experience a citation advantage. Sec-
ondly, Fukuzawa (2017) investigated the 10% most frequently cited articles published from
2010 to 2012 in OA journals and non-OA journals, using Scopus for citation data and the
DOAJ and Open Access Scholarly Resources (ROAD) to identify OA journal articles. The
study found a citation advantage, but for non-OA journal articles, and only if they were
published in international journals. The study also suggests that factors other than whether
an article is published in an OA journal might have a larger effect on whether an article is
highly cited or not, such as whether the article is published in English. This provided fur-
ther justification for applying a percentile-based indicator of the presence of articles among
frequently cited articles and to investigate the language an article is published in as a poten-
tial confounding variable when investigating the OA citation advantage postulate. Thirdly,
and more recently, Perianes-Rodriguez and Olmeda-Gémez (2019) investigated whether
the proportion of articles among the 1% most frequently cited articles differs between OA
journal articles and other articles. They used data from Scopus, WoS, SHERPA/RoMEO,
and the DOAJ for selected subject areas. The study found no evidence of a citation advan-
tage for OA journal articles.

In summary, we identified very few studies on the OA citation advantage postulate that
made use of measures other than mean number of citations, especially when investigating
OA journal articles. Those studies that did, each made use of different data sources and
methods to identify OA articles and non-OA articles. In addition, they either investigated
selected subject areas (disaggregating amongst those) or included all subject areas with-
out disaggregation on this variable. Disaggregation by subject area is, however, crucial, as
citation behaviour differs significantly among subject areas (Waltman et al. 2011, p. 467).
Our review of the literature highlights the need to include the investigation of language as
a confounding variable; use measures other than mean number of citations; and consider
subject areas individually when investigating the OA citation advantage of OA journal arti-
cles. Previously it was impractical to investigate measures of citation advantage for all sub-
ject areas, due to the difficulties in identifying OA journal articles and self-archived articles
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across a large set of articles. Using the updated Unpaywall OA labels recently added to
the WoS metadata, this study aims to overcome these limitations and contribute to a more
comprehensive understanding of the citation behaviour of OA journal articles.

Methodology
Research questions

The central question this study aimed to address is whether OA journal articles within a
particular subject area experience a citation advantage, in comparison to subscription jour-
nal articles in the same subject area. As explained above, we apply three different measures
of citation advantage, which translates into the following three sub-questions:

e Are the normalised citation scores (NCSs) of OA journal articles higher than those of
subscription journal articles?

e [s the percentage of OA journal articles that receive at least one citation within 2 years
after publication higher than that of subscription journal articles?

e Are the percentages of OA journal articles among the most frequently cited 1%, 5%,
and 10% of articles higher than those of subscription journal articles?

In addition, we investigated whether there is a relationship between whether an article is
published in English and whether it is published in an OA journal. The result of this analy-
sis informed our decision to include or exclude English-language publications from the rest
of the analysis, depending whether language was identified as a confounding variable.

In this "Methodology" section, we begin by describing our operationalisation of the
three measures implied in these research questions. This is followed by a sub-section on
our conceptualisation and operationalisation of ‘access status’. The methodology section
concludes with a discussion of our data extraction methods in a sub-section that includes
our decisions regarding the definition of the population and variables relevant to that
definition.

Measures of citation advantage

This study improves on previous research on the OA citation advantage of OA journal arti-
cles in comparison to subscription journal articles, by applying three measures of citation
advantage, two of which have been rarely used. In the following three sub-sections, we
provide more detail on each of these measures.

Normalised citation score

The first measure of citation advantage we used is based on the NCS (Waltman et al. 2011,
pp- 469-470), which ‘normalises’ or corrects for both subject area and publication year. An
article with an NCS of less than one (the average for its subject area and publication year)
indicates that the article received below the expected number of citations, while an NCS
of more than one indicates the opposite. Since articles are often associated with more than
one subject area, each article and all citations it receives is attributed in equal fractions
to all the subject areas associated with it. We selected a 6-year citation window, which
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allowed the counting of citations to articles in subject areas in which it takes longer to
accumulate citations, while still normalising by publication year to compensate for varia-
tion in the number of years since publication that articles could potentially be cited. While
6-years have not passed for all of the articles, the normalisation results in articles still being
comparable. Self-citations were included in the calculation of the NCS, as the complicated
process of accurately identifying and removing self-citations was not deemed justified,
considering evidence that excluding them has little effect on citation analysis conducted on
highly aggregated levels, such as the analysis reported in this article (Aksnes 2003, p. 244;
Glinzel and Thijs 2004, p. 286).

In order to test the OA citation advantage postulate, we determined whether the NCSs
of OA journal articles are higher than those of subscription journal articles, by consulting
the effect size of the relationship between the NCS and the variable access status. For this
continuous-by-dichotomous relationship, the point-biserial correlation coefficient (r;,) was
used, and a result of I, |>0.1 was interpreted as a large enough effect size to indicate a
relationship, Ir,;| >0.3 is taken to indicate a strong relationship. A negative value indicates
an OA citation advantage.

Citedness

The second measure of citation advantage refers to whether articles were cited at all, by
individuals other than the authors, during the first 2 years after publication (i.e. over a fixed
citation window of 2 years). Since this measure cannot be normalised, it is necessary to
use a fixed citation window during which all citations will have been indexed. We chose a
2-year window as the longest window that still offers complete data. We refer to this meas-
ure as citedness, as opposed to uncitedness (Schwartz 1997), which has been investigated
and discussed in other contexts as an indication of research with little to no impact (e.g.
Garousi and Fernandes 2017; Cronin, 1984, p. 32), although not without dispute (Moham-
med et al. 2020, pp. 1796-1797, Van Noorden 2017). We treat citedness as an indication
that an article has been formally incorporated into its broader subject area and has become
visible to the research community (Mohammed, Morgan, and Nyantaki 2020, p. 1797).
Self-citations (i.e. when a citing article and cited article have at least one author in com-
mon, with exactly the same name and surname) were excluded from this measure, as they
do not reflect visibility beyond the authors.

To determine whether OA journal articles experience a citation advantage according to
this measure, we again consulted the effect size of the relationship between the measure
and the variable access status. As analysis is dichotomous-by-dichotomous, the phi-coeffi-
cient (¢) was used. A result of lpl>0.1 is interpreted as an effect size that is large enough
to indicate a relationship, and lpl>0.3 is taken to indicate a strong relationship. In each
case, a negative value indicates an OA citation advantage.

Most frequently cited

The third measure of citation advantage that was investigated in this study is the percentage
of articles among OA journal articles and subscription journal articles that, on the basis of
the NCS, belong to the 1%, 5% and 10% most frequently cited articles in their subject area.
This measure is often referred to as ‘percentage of publications in top 1/5/10%’, and in
this article it is abbreviated as pptop1/5/10. As this measure is based on the NCS, a 6-year
citation window is also applicable to this measure and self-citations are included. Due to
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the complications caused by multiple articles potentially having the same number of cita-
tions, various methods have been proposed in the literature for calculating these percentiles
(Waltman and Schreiber 2013, pp. 373-376). The method chosen for this study was the
one applied in the SCImago Institutions Rankings (Waltman and Schreiber 2013, p. 374),
according to which all articles that have sufficient number of citations to qualify for the 1%
most frequently cited articles are included under the pptopl; and likewise, for 5% and 10%.
This method generally results in the inclusion of a percentage of articles higher than X in
the pptopX (e.g. more than 1% of articles are included within the 1% most frequently cited
articles), but avoids reintroducing the problems associated with a skewed distribution that
percentile-based indicators were initially designed to overcome. To determine whether OA
articles experience a citation advantage according to this measure, we applied the same
statistical procedure as we did for citedness, i.e. ¢.

Defining access status

There are many different types of OA, and importantly, these differ in terms of citation
behaviour (Archambault et al. 2014b). Conceptual clarity on how articles are classified as
OA in the WoS database is also lacking. As a result, the distinction between the different
types of OA is not clear-cut. We therefore decided to focus on two types of articles that
have the strictest and clearest definitions. The first type, subscription journal articles, we
define as those that have no (OA) label in the WoS metadata. They were published in sub-
scription only journals, and no self-archived versions of those articles are available.

The second type, OA journal articles, we define as those published in OA journals listed
on the DOAJ. The WoS metadata contains five categories of OA, but these are not mutu-
ally exclusive, and therefore articles can be assigned more than one of these categories.
One of these categories is Gold DOAJ, which is applied only to those articles published
in DOAJ listed journals, and, for the purpose of our study, we classified all articles in this
category as OA journal articles. All articles that have one of the other OA labels, but not
Gold DOAJ, were excluded on the basis that their definition is unclear, or they refer to
self-archived articles. An example of the ambiguity is the Gold Other label: an article with
this label may be an OA journal article published in a journal not listed in the DOAIJ, or it
may be a hybrid OA article. Limiting our definition of OA journal articles to Gold DOAJ
led to an exclusion of 22.8% of all the articles indexed for the years investigated. Of all the
articles indexed for the years investigated 9.2% are Gold DOAJ articles and 67.9% are sub-
scription journal only articles.

In summary, we define the variable access status as a dichotomous one, comprised of
two attributes: Gold OA journal articles published in DOAJ listed journals; and subscrip-
tion journal articles of which no self-archived versions are available. These two categories
are henceforth referred to as ‘OA journal article’ and ‘subscription journal article’.

Data extraction and definition of the population

The data required for this study were extracted from what was, at the time of the study,
the most recently available (2018) version of the WoS metadata housed at the Centre for
Research on Evaluation, Science and Technology (CREST). The population was defined
as all English-language articles and reviews published between 2013 and 2015 in either
OA journals or subscription journals, and, in the case of the latter, for which no OA ver-
sions were available. This definition and the aim of the study imply selection in terms of
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language, document type, publication year, and subject area. The decisions underlying our
selection in terms of each of these variables are elaborated upon below.

Publication year

Our selection of the publication years 2013 to 2015 reflects a weighing up of various
considerations. First, we needed to include articles in our analysis that were published as
recently as possible, in order to account (and compromise) for changes in journals’ policy
on OA, and how these are managed in WoS. In short, an article published in a journal that
is not classified as an OA journal at the time of that article’s publication in the journal,
is retrospectively classified as an OA journal in WoS if that journal changes its policy to
become an OA journal. Thus, an article classified as an OA journal article in the 2018 ver-
sion of the WoS metadata, may not have been OA when it was originally published and,
more importantly, when it received its citations. In order to reduce the likelihood of repro-
ducing retrospective classifications in our data set, we reduced our publication window by
excluding articles published before 2013.

We only included articles published up until 2015 to ensure a sufficiently large cita-
tion window to calculate the NCS, especially considering our aim to disaggregate by sub-
ject area. Thus, to balance the requirements of having sufficiently recent articles (limiting
misclassification and exclusion of articles), sufficient number of articles per subject area,
and sufficient number of years for articles to receive citations (sufficiently long citation
windows), articles published during the three-year period of 2013, 2014, and 2015 were
selected and data were extracted from the most recently available (2018) version of the
WoS metadata.

Document type

Various document types are indexed in the WoS database (Thomson Reuters 2018, p. 27),
and document types published in academic journals differ in the number of citations they
tend to receive (Tahamtan et al. 2016, p. 1200). We decided to include both research arti-
cles and review articles, as we wanted to focus the study on empirical research articles,
however the conceptual distinction between these two document types in WoS is too arbi-
trary to be operationally useful (Basson 2019, pp. 69-70)—an observation supported by
the fact that various previous studies have grouped similar document types together for
the purpose of citation analysis (e.g. Van Leeuwen et al. 2001). In addition, including both
these similar document types ensured that sufficient number of articles for each subject
area were included in the population for analysis.

Subject area

At the time of data extraction WoS used a subject area categorisation scheme that includes
251 subject area labels. Of special note is the subject area label ‘Multidisciplinary sci-
ences’. While previous studies that investigated the OA citation advantage reported results
on this ‘subject area’ (Dorta-Gonzalez et al. 2017; Sotudeh and Horri 2009), we argue that
it should be excluded in analyses that specifically investigate subject areas. Our reasoning
being that one disaggregates by subject area because citation behaviour differs among sub-
ject areas. However, articles with the ‘Multidisciplinary sciences’ label are those articles
published in multidisciplinary journals that include articles from various subject areas. As
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such, ‘Multidisciplinary sciences’ is not a subject area in itself, but rather a description
of the type of journal the article is published in. WoS assigns articles published in these
multidisciplinary journals with other subject area labels, e.g. based on the article’s cited
references, when possible (Thomson Reuters 2018, p. 6). Due to these considerations we
exclude ‘Multidisciplinary sciences’ from our analysis of subject areas.

Language

Lastly, included in our study is the research question whether articles published in OA
journals are more likely to be written in a language other than English, in other words
to determine whether language is a confounding variable when investigating the OA cita-
tion advantage of OA journal articles. Previous studies have shown that English-language
articles tend to receive more citations than articles published in other languages (Torres-
Salinas et al. 2016, pp. 1206-1207; Van Leeuwen et al. 2001, p. 345). In addition, there
is some anecdotal evidence that OA journal articles are more likely to be written in a lan-
guage other than English (Bjork 2011, p. e20961).

Previously, an insufficient proportion of articles indexed in WoS were assigned the rel-
evant metadata to test whether there is a relationship between whether an article is pub-
lished in an OA journal and whether it is written in a language other than English (Basson
2019). In the most recent metadata this has been rectified and now all WoS articles have
language data. In this study, we investigated the abovementioned relationship for all the
articles published from 2013 to 2015, regardless of subject area. To determine whether
there is a relationship between access status and language, we applied the same statistical
procedure as we did for citedness to determine the effect size of the relationship. Based on
the results of this analysis, which is also reported below, language was determined to be a
confounding effect, and only English articles were included for the analysis by subject area.

Results

First, we present the analysis of language as a confounding variable as the results thereof
determined the population for the rest of the analysis. Thereafter we describe the preva-
lence of OA journal articles, in general and by subject area. Specific attention was given
to those subject areas with very few OA journal articles as measures of effect size may
indicate a relationship for these when none exist due to the small population. We also noted
those subject areas with a high percentage of OA journal articles for further discussion.
Thereafter we present the analysis of the three measures of citation advantage.

Analysis of language as a potentially confounding variable

For the years 2013 to 2015, 3,902,547 subscription journals and OA journals articles
were indexed in WoS$ at the time when we extracted the data.' The vast majority of these

! A total of 5057,345 reviews and articles are indexed in WoS for the years 2013 to 2015. However, all the
analyses in this study, including the analysis of language as a potential confounding variable, pertain to a
subset of these, namely subscription journals and OA journals articles, as indicated in the section “Defining
access status”.
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Fig. 1 Number of subject areas by percentage of articles published in open access journals

(94.1%) are written in the English language. Our analysis found that OA journal articles
are more likely than subscription journal articles to be written in a language other than
English (¢ =0.16). In order to control for the potentially confounding effect of language,
our results presented below were therefore produced by limiting our analyses to English-
language articles only.

The prevalence of OA journal articles

Limiting the articles to those written in the English-language resulted in 3,670,682 articles
of which 87.3% are published in subscription journals with the remaining 12.7% published
in OA journals. The prevalence of OA journal articles in comparison to subscription jour-
nal articles for the individual subject areas differ considerably from this. The study investi-
gated 250 subject areas and at the one extreme, we identified 12 subject areas with no OA
journal articles published from 2013 to 2015. These subject areas are: ‘Education, special’,
‘Engineering, ocean’, ‘Ergonomics’, ‘Ethnic studies’, ‘Literary reviews’, ‘Literature, Afri-
can, Australian, Canadian’, ‘Literature, American’, ‘Literature, Slavic’, ‘Materials science,
characterization & testing’, ‘Physics, fluids & plasmas’, ‘Psychology, mathematical’, and
‘Psychology, psychoanalysis’. The majority of the remaining 238 subject areas also tend to
have very small percentages of OA journal articles in comparison to subscription journal
articles.

The skewness of the distribution is illustrated in Fig. 1 and by the fact that for
183 subject areas (more than three-quarters, or 77% of the 238 with any OA journal
articles), less than 10% of articles were published in OA journals. Of the remaining
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55 subject areas, the percentage of OA journal articles ranges between 10 to 20%
(10% <x<20%) for the majority (38) of them, while a further 12 fall within the
20-30% range (20% <x<30%). Only 4 subject areas fall within a range of 30-40%
(20% <x<40%) of OA articles. In order from lowest to highest percentage, these are:
‘Integrative & complementary medicine’ (32.2%), ‘Parasitology’ (35,2%), ‘Agricul-
tural economics & policy’ (36.4%) and ‘Medicine, general & internal’ (39.8%). Lastly,
“Tropical medicine’ (61.4%) is the only subject area with a greater percentage of arti-
cles published in OA journals than in subscription journals.

Analysis on the three measures of citation advantage, by subject area

The first measure of citation advantage that we consider is NCS, which we found is
related to access status in a relatively small number (76, or 30%) of the 250 subject
areas. However, in only a single subject area, ‘Art’ (r,, =—0.10), do OA journal arti-
cles experience a citation advantage in comparison to subscription journal articles. In
the remaining 75 of these 76 subject areas, the articles in subscription journals show a
citation advantage for the measure NCS. Only ‘Agricultural economics & policy’, has
an effect size (r,, =0.32) sufficiently large to indicate a strong association.

Fewer than half (98) of the subject areas show a relationship between our second
measure, citedness, and access status, and in the case of only 4 of these subject areas
an advantage for OA journal articles was found. For the remaining 94 subject areas,
the citation advantage is for subscription journal articles. Amongst these subject areas
we found three subject areas for which the effect size is sufficiently large (¢ <0.30) to
indicate a strong association.

Lastly, we consider the relationship between access status and each of the three
pptop1/5/10 measures. The first observation is that the number of subject areas for
which such a relationship was found, is much smaller for this set of measures: 26 for
the pptop10, 7 for the pptop5, and only 1 for the pptopl. Secondly, and similar to
what we observed for the other measures, the citation advantage tends to be in favour
of subscription journal articles, not OA journal articles. In only two of the 26 subject
areas for which we found a relationship between access status and pptop10, the citation
advantage accrued to OA journal articles (these being ‘Art’ and ‘Architecture’). In only
one of the 7 subject areas for which we found a relationship between access status and
pptop3, the citation advantage accrued to OA journal articles (this being ‘Art’). Devi-
ating slightly from the pattern observed until now, are the results for the last meas-
ure: only one subject area experience a citation advantage namely ‘Art’ for which the
advantage is in favour of OA journal articles (¢ =—0.10).

In summary, across all the measures, only 6 of the 250 subject areas in WoS expe-
rienced an OA citation advantage for OA journal articles in comparison to subscrip-
tion journal articles. These subject areas are listed in Table 1, together with the effect
sizes obtained for the three measures. Four of the subject areas experience an OA cita-
tion advantage on only one measure, namely citedness. These subjects are ‘Androl-
ogy’, ‘Engineering, petroleum’, ‘Physics, nuclear’, and ‘Tropical medicine’. ‘Art’ was
observed as experiencing an OA citation advantage for the measures NCS, pptopl,
pptop5, and pptop10, whereas OA journal articles in ‘Architecture’ only experience it
for the measure pptopl0. Table 2 in the appendix shows the results for all the subject
areas in WoS.
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Table 1 Effect size for each measure of citation advantage for the subject areas that experienced an open
access citation advantage

Subject area Articles (total) % OA NCS (rpb) Citedness (¢) Pptopl (¢) Pptop5 (¢) Pptopl0 (¢)

Art 6221 49 -0.12 —-0.09 -0.10 -0.12 —0.10

Architecture 5497 87 -0.04 -0.07 0.00 -0.09 -0.10

Andrology 1021 25.8 0.00 —0.11 0.04 0.00 0.01

Engineering, 5788 6.7 0.00 —0.11 0.03 0.02 0.01
petroleum

Physics, 16,092 9.5 -0.01 -0.11 0.01 -0.01 -0.02
nuclear

Tropical 5526 614 -0.04 -0.13 0.03 0.05 0.02
medicine

Discussion

During the almost two decades since the BOAI declaration, substantial strides have been
made in providing OA to academic literature. Numerous studies have investigated the
prevalence of OA publications (e.g. Torres-Salinas et al. 2016, p. 19; Dorta-Gonzalez
et al. 2017, p. 880, Archambault et al. 2014a, p. 30). From these we can conclude that
in 2009 approximately 5% of all journal articles were published in OA journals and by
2014 this had increased to 10% (Torres-Salinas et al. 2016, p. 19, Dorta-Gonzélez et al.
2017, p. 880). Our study found that, while less than 10% of all articles and reviews are
rendered OA immediately, through publication in DOAJ listed journals, more than 30%
of all reviews and articles indexed in the WoS database for the years 2013 to 2015 are
rendered OA through various methods. Thus, while OA journal publications still repre-
sent only a small proportion of all publications, they constitute a significant proportion
of all the OA publications indexed on WoS. However, we encourage caution when using
the WoS OA categories to report on the prevalence of OA publications across years. At
most one can report what the situation at the time of data extraction was, as in many
cases the labels are applied retroactively and as such do not reflect the access status of
articles at the time of their publication. Our analysis of prevalence by subject area deter-
mined that, for the vast majority of subject areas in the WoS database, at least one OA
journal article was indexed for the publication years from 2013 to 2015 in 2018. How-
ever, for the majority of the remaining subject areas fewer than 10% of the articles are
published in OA journals, with only one subject area in which OA journal publishing
was more common than subscription journal publishing.

Regarding the potential confounding variable language, the anecdotal assertion
that OA journal articles are more likely to be written in languages other than English
was supported by our study and, in turn, supports our decision to limit our analyses to
English articles and reviews. This finding has methodological implications for future
research, as it leads us to recommend controlling for language, where possible, espe-
cially since WoS has improved the availability of language data for indexed articles
(Basson 2019, p. 71). The next step would be to investigate how subject areas differ in
terms of the extent to which OA journal articles are published in a language other than
English—an issue that unfortunately fell beyond the possible scope of this article.
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As to whether OA journal articles experience a citation advantage, it has been reported
elsewhere (e.g. Archambault et al. 2014b, p. 20, Van Leeuwen, Tatum and Wouters 2018,
p- 12, Basson 2019, p. 108) that OA journal articles in general do not experience an OA
citation advantage, and we also find this to be the case for the vast majority of subject
areas. However, in a small number of subject areas OA journal articles do experience a
citation advantage, and they do so mostly on the measure of citedness. This may reflect the
“new visibility” and “readership” that, according to the BOAI declaration, are provided by
rendering an article OA. However, the fact that so few subject areas experience this type of
OA citation advantage for OA journal articles in comparison to subscription journal arti-
cles points to the need to further investigation why this advantage exists only for those few
subject areas.

Previously Dorta-Gonzalez et al. (2017) also investigated whether OA journal articles in
the various subject areas defined by WoS, experience a citation advantage, using the WoS
database in a similar way than we did. Dorta-Gonzélez et al. used “proportion of the aver-
age citation of OA articles in relation to non-OA articles” (Dorta-Gonzélez et al. 2017, p.
880) as their measure of the OA citation advantage. This measure is somewhat comparable
to the NCS measure used in our study. Their study differs from ours in that they did not
control for language, investigated a different period (2009-2014), considered any positive
value of the proportion of the average citation of OA journal articles in relation to non-OA
journal articles as indicating a citation advantage (without considering effect size), and did
not compare OA journal articles with subscription journal articles, but with all non-OA
journal articles, using the previous WoS OA categorisation system. However, some com-
parison between their results and ours is useful. While we found only a single subject area
(‘Art’) in which OA journal articles experienced a citation advantage on this measure, they
found this for a larger number of subject areas (36 out of 249 for which ‘Art’ experienced
the strongest advantage), but in the majority of subject areas (173) they find an OA citation
disadvantage on this measure.

Clearly, factors other than whether an article is published in an OA journal or a sub-
scription journal need to be taken into account when trying to explain variation in citation.
While we already discussed language, another factor is suggested in the BOAI declaration
when it states that providing OA to academic research would lead to the proclaimed ben-
efits. This suggests a potential relationship between prevalence and OA citation advantage.
‘Tropical medicine’ at 61%, is the only subject area for which the majority of articles are
published in OA journals and OA journal articles experienced a citation advantage for one
of the measures (citedness). However, in ‘Art’ the prevalence of OA journal articles is par-
ticularly low (4.9%) and OA journal articles experience a citation advantage for multiple
measures. In the case of ‘Medicine, general & internal’ a significant proportion (39.8%)
of articles are OA journal articles, but subscription journal articles experience a citation
advantage for four of the measures. On the other hand, several of the subject areas that do
experience an OA citation advantage have a low prevalence of OA journal articles (< 10%).
It would seem that attaining the benefits suggested in the BOAI declaration is not simply a
matter of increasing prevalence of OA journal publications, at least in the case of citation
advantage for OA journal articles, when compared to subscription journal articles. How-
ever, the potential relationship between OA journal article prevalence and the measures of
citation advantage was not tested in this study.

Our results show that other factors have a stronger effect on the number of citations
that an article receives, than whether the journal in which it is published applies an OA
publishing model. We reiterate that our definition of what constitutes an OA journal article
is limited to those articles published in a DOAJ-listed journal, and not to all types of OA
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e.g. self-archived articles or hybrid OA articles. These DOAJ journals might systematically
differ from other journals that allow OA to their publications, which leads us to strongly
recommend taking into account additional journal-related factors in future investigations of
the OA citation advantage. We further recommend that future research on the OA citation
advantage investigate more factors related to the journal characteristics beyond the access
policies of the journals, such as language, prevalence of OA publication, prestige of the
journal, and the publication and review policies of journals e.g. OA megajournals. Other
article and author related factors, such as collaboration types, could also be considered as
potentially relevant variables. In addition, we recommend that future studies include meas-
ures of effect size and explicit descriptions of the access types, subject areas, and document
types included in the study population to assist with the comparability of future studies.
Finally, our study highlights that the WoS OA label functions differently from most other
data in the WoS metadata, due to its retroactive application, and this characteristic should
be considered in future research aiming to use the WoS OA label.
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