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ABSTRACT

Differences between the impacts of Open Access (OA) and non-OA research have been
observed over a range of citation and altmetric indicators, usually finding an Open Access
Advantage (OAA). However, science-wide analyses covering multiple years, indicators, and
disciplines are lacking. Using citations and six altmetrics for 33.3 million articles published
during 2011-2021, we compare OA and non-OA papers. The results show that there is no
universal OAA across all disciplines or impact indicators: The OAA for citations tends to be
lower for recent papers, whereas the OAAs for news, blogs, and Twitter are consistent across
years and unrelated to volume of OA publications. Wikipedia OAAs are consistently
pronounced for all subjects except Humanities and Social Sciences. Patent OAAs for are
strongest for Medical & Health Sciences and Life Sciences. Uniquely, the OAAs for Policy
citations are stronger for recently published research. These results support different
hypotheses for different subjects and indicators. The evidence is consistent with OA
accelerating research impact in Medical & Health Sciences, Life Sciences, and Humanities;
increased visibility/discoverability being a factor in promoting the socioeconomic impact;
and that OA is a factor in growing online engagement with research. OAAs are therefore
complex, dynamic and multifactorial, and require considerable analysis to understand.

1. INTRODUCTION

The last quarter century has seen revolutions in research communication driven by the adop-
tion of the Internet as a means of diffusing and discussing scholarly findings. Among these
changes, the rise of freely available—or Open Access (OA)—publications, and the phenom-
enon of altmetrics—are two of the most significant. Altmetrics, or alternative metrics, are
counts of mentions of academic research on various websites and Internet services. They
are used as an adjunct to academic citations to understand the dissemination and impact of
research through social networks, gray literature, and other nonscholarly venues, such as news
and blogs.

Various studies have shown that OA publications tend to be more cited and mentioned than
their non-OA equivalents, a phenomenon known as the Open Access Advantage (OAA)
(Holmberg, Hedman et al., 2019; Piwowar, Priem et al., 2018; Taylor, 2020; Wang, Liu et al.,
2015). However, as discussed below, the relationship between these measurements and the
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overall rates of OA publication has not hitherto been reported at scale or over prolonged
periods. Similarly, there has been insufficient research into the underlying causes of OAAs,
and of their development over time.

It is vital that researchers, research managers and funders understand the implications of
OA publishing for the impact and dissemination of their scholarly outputs, as Gold OA pub-
lishing can be expensive; consequently it is important to weigh the cost against the benefits
and to understand some of the implications behind changes in publication policy.

1.1. The Growth of Open Access, Its Drivers and Goals

The goals of the OA and the related Open Science (OS) movements are to make scientific
research accessible to all levels of society, including academic scholars, nonacademic

researchers, and other members of the public ( ). Additionally, OA and OS are
intended to promote transparency, collaboration, reproducibility, and public engagement
in science ( ). OA publishing may also increase the speed of research
( ). The transition towards OA has been challenging (

; ), posing new problems to both academic
institutions ( ) and publishers, who have had to adopt
new business models ( ). The OA movement began to gain
adoption in 2001 ( ), following on from earlier preprint repositories, including
RePEC and arXiv ( ). The term “Open Access” encompasses several ways in

which research publications can be open. These are usually identified by colors: Gold,
Bronze, Green, Platinum/Diamond, and Black.

Platinum/Diamond OA: forms of Gold OA where no fee is required ( )
Gold OA: authors pay a fee to make content freely available on the journal’s website,
with an OA license.

e Bronze OA: a fee may or may not be paid; however the publication is freely available
on the journal’s website without any appropriate OA license ( ).

o  Green OA: applies when an article is published in a repository, whether as a preprint or
after being published in a journal—which itself may or may not be OA.

e Black OA: the free sharing of research contrary to its license. This category is excluded
from this study.

The study of OA adoption has been facilitated by the development of databases that record
the OA status of research publications. The Directory of Open Access Journals (DOAJ) has
been registering OA research for over 2 decades ( ) and Crossref permits publishers
to publish relevant license information alongside publication metadata ( ).
Unpaywall, a service launched in 2017, brings together data from these—and additional—
sources to facilitate discovery and analysis at scale ( ). Although the initial accuracy
of Unpaywall varied by discipline ( ), by 2021 it was found to be adequate for
research and its coverage is continuing to grow ( ).

Although the adoption of OA has been uneven across disciplines (

; ), journals ( ), and countries (
), overall growth has been fast. In 2009, overall rates of 20% were reported (
), 45% in 2015 ( ), and 54% in 2022 (

). This growth has been driven by policies and mandates that have emerged since
the beginning of the millennium. In particular, Canada (Canadian Institutes of Health, 2006),
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the United Kingdom ( ), the European
Union (European Commission, 2008), and the United States (National Institutes of Health,
2009) have published policies aimed at driving OA adoption. Many policies have stipulated
an embargo, whereby an article can be closed for a certain period—typically 12 months—but
thereafter be made OA; however, President Biden’s White House Office of Science and Tech-
nology Policy (OSTP) issued a new policy, whereby all US Government-funded research must

be OA throughout its lifecycle ( ).
Another initiative, Plan S ( ), has been organized by a group of governments,
funders, and other institutions ( ), with the stated ambition of making
all research publications funded or supported by them OA by 2021 ( ).

Growth in OA publishing in medical fields was dramatically stimulated by the widespread
adoption of OA for COVID-19 throughout 2020-2021 ( ).

There have been several criticisms of OA publishing, with researchers citing the potential
growth in low-quality journals ( ) and the growing presence of predatory journals.
The latter masquerade as legitimate journals but exist solely to profit through author payments
without providing the core quality control or archiving guarantees expected from academic
journals ( ). However, other research has suggested that the “moral panic” about
predatory publishers may be misplaced, as citation rates tend to be low. Furthermore, criticism
of journals from BRICS countries (whether known to be predatory or not) can be interpreted as
having racist overtones, and come from a position of established privilege ( ).

The cost of Gold OA is enormous, with the annual cost of Article Processing Charges (APC)
being estimated at US$2 billion ( ), although OA agreements with com-
mercial publishers may save money during the transition to OA ( ). Thus, research
managers need evidence of the value of OA to help them balance its costs and benefits.

1.2. Metrics, Altmetrics and Understanding Research Impact

The widespread study of research impact became feasible with the availability of computers

for document processing ( ) with references being used to prepare citation indi-
ces ( ) for many decades. Current citation indices include the Web of Science
( ), Scopus, Google Scholar ( ), and
Dimensions ( ). The availability of these indices has led to the
development of many metrics designed to reflect the productivity and scientific impact of
research ( ), such as the Field Weighted Citation Index

( ). There have been many criticisms of these metrics, including
for those that do not take into account variations between disciplines (

).

From the mid-1990s, the field of “webometrics” ( ) emerged from
the fields of bibliometrics and scientometrics. Pioneers in this field analyzed hyperlinks, usage
data, and related content to understand the emerging online world of scholarly communica-
tion ( ; ). The term “altmetrics” was introduced in 2010 to encom-
pass a range of online venues where interaction with research publications was evident,
including social networks, blogging platforms, news, and Wikipedia (

). The goal was to develop indicators of nonacademic impacts. The initially distinctive
feature of altmetrics was its orientation towards social web services with Application Program-
ming Interfaces (API), although the term “altmetrics” now also encompasses traditional webo-
metrics and quasiacademic attention from gray literature, such as policy and patent citations
( ). Since 2010, several suppliers have launched products that
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supply altmetric data, the most comprehensive of which is Altmetric. Overton specializes in
policy citations', Plum Analytics (now acquired by Elsevier) has reduced its social media cov-
erage and other mentions ( ), and Crossref’s Event Data no long
supplies social media, patents, or policy citations ( ).

The multiple and varied data sources comprising altmetrics make them heterogeneous

( ). The extent and nature of the impact, if any, reflected by altmetrics varies
by data sources, by discipline ( ), over time ( ), and by
region ( ). Citation data shows similar features for scholarly impact

( ).

Both academic and nonacademic audiences use social media to engage with research
( ) and approximately half of the tweets linking to journal articles
are from academics ( ). Research funders often require
researchers to write an impact plan that covers nonacademic impact ( ),
and to have impact management plans ( ). Studies of alt-
metrics have therefore assessed their value as evidence for social impact ( )
and to analyze nonscholarly usage ( ). Citation-based indi-
cators have been used in the assessment of research groups, departments, and institutions
( ). The relationships between citations and altmetrics have been studied to under-
stand their ability to predict future citation rates ( ; ) despite the
not insignificant challenges that their heterogeneity involves ( ).

1.3. The Open Access Citation and Altmetrics Advantages

The hypothesized OAA may be divided into two related phenomena: the OA Citation Advan-
tage (OAA Citations) and the OAA Altmetrics. Each of these may be divided into two further
subcategories: OAAs for means, and proportions (i.e., the percentage of articles that have cita-
tions or altmetric attention).

The OAAs for Citation means and proportions was shown to differ significantly, being 42%
and 9% respectively, while Gold OA was shown to be cited at a higher rate than Green OA
( ). This estimate for means has since been reduced to an 18% advantage
( ). A meta-analysis of 134 studies revealed a mixed picture, however, with
64 finding a general OAA, 32 finding an OAA within subsets of their data and 37 failing to find
it ( ). A study of the citation behavior of articles
that switched OA status observed the effect to be more pronounced for articles that were
already highly cited when compared to equivalent non-OA articles ( ).

Altmetrics can also be used to compare OA and non-OA research outputs (
). The presence of OAA for mean Twitter, news, and blogs values (36%, 19%, and 30%,
respectively) for articles in a single hybrid journal has been reported ( ;
). The presence of an OAA mean of 47% for Wikipedia citations has been reported at a
journal level ( ). The OAA of five separate data sources has been
observed to vary over time in a longitudinal study ( ).

A study of Finnish papers confirmed the existence of an OAA for some fields and attention
sources but reported a disadvantage for other fields and attention sources (

). Although this research analyzed the most populous altmetric indicators in detail

(Twitter and Mendeley), as well as citations from the Web of Science, it compounded other

1
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altmetric indicators (news, blogs, Wikipedia, and Facebook). However, this research used the
OA journal status, as defined by the DOAJ, meaning that OA articles in hybrid journals and
Green OA articles would have been treated as non-OA.

A widescale analysis of publications found that Green OA publications received more
citations than other OA types and non-OA papers, but that Gold OA generally outperformed
other OA types across a range of four altmetrics indicators (Twitter, News, Facebook, and
blogs), and Green OA slightly outperformed other OA types for patent citations (

); however, this paper is limited to research publications with altmetrics data,
and thus excludes the majority of publications. A 2024 study found that OA publications
are 1.38 times more prevalent in patent citations, with disproportionately high rates shown
in biomedicine ( ).

There are several studies of narrowly defined topics. OA research in human electrophysi-
ology gets up to 21% more citations and 39% more altmetric mentions that non-OA (
); OA outperforms non-OA for Twitter, Wikipedia, and news in lum-

bar spine research ( ), OA articles obtain significantly higher altmetric
scores than non-OA articles in knee surgery ( ). OA articles in derma-
tology received 13.2 mean citations, compared to a matched cohort of non-OA articles with a
mean of 7.9, but had no significant difference in altmetrics score ( ). In
Library Information Studies (LIS), OA articles were found to have an OAA for both citations
and altmetrics ( ). OA climate change research was found to show an OAA for
News ( ). Research into energy technology publications found that

OA research was 42% more likely to be cited by patents than non-OA equivalents (
). An investigation into medical publications found no OAA for policy
citations ( ).

1.4. Drivers of the OA Advantages

Potential causes of an OAA in citations have been widely hypothesized, all of which may
apply to the OAA:

1. Self-selection: Authors may self-select their best papers to be published OA (
).

2. New journals/journal policies: Key drivers could be new journals, publishing hitherto
underpublished (and potentially poorer quality) research; or well-established journals
aggressively promoting OA research.

3. Acceleration: OA publication accelerates the rate of scientific production (

).

4. Early access: OA publications receive citations earlier in the publication lifecycle, with

the implication that this would disappear over time ( ).
5. Improved access: OA papers receive more citations from researchers without access to
subscription journals ( ; ).

6. Prestige or network effects: OA papers that receive attention get more attention than
their non-OA equivalents as some form of either prestige or network-based phenom-
enon, similar to the Matthew effect ( ; ).

An early study of 27,197 articles published from 2002 to 2007 investigated the

“self-selection” hypothesis and drew a number of conclusions: There is no difference in the
citation OAAs between self-selected OA and mandated OA research; the highest cited OA

Quantitative Science Studies 647
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articles receive disproportionately more citations; and a possible driver might be user prefer-
ence to cite the best available research—a form of network effect ( ). A
study of 300,000 articles published up to 2015 showed an 18% citation OAA, suggesting lim-
ited support for the “early access”” and “improved access” OAA Citation hypotheses, although
the former may vary for different forms of OA ( ). The OAA for five alt-
metric data sources (Twitter, Mendeley, policy, news, and blogs) for a small set of UK-based
publications published from 2008 and 2013 was observed to persist over time, while policy
citations were shown to have an Open Access disadvantage in early years, while the news
OAA increased over time ( ). Just as OA publication has been hypothesized to
accelerate the rate of scientific production, it has been hypothesized that OA research would
increase the creation of intellectual property (IP) as measured by patent citations for drug
discovery ( ). The relative importance of Green OA was further inves-
tigated in a study of patent citations to bioRxiv preprints during the COVID pandemic, suggest-
ing that Green OA encourages an accelerated rate of transfer between science and technology

( ).

1.5. Objectives

As suggested by the above brief review, research into the OAA has been limited, whether by
locality ( ), journal selection ( ), sample size (

), or discipline ( ). This research reports the first complete examination of
OAAs in a very large corpus of all research outputs assigned a DOI and subject area (N =
38.7 million), having been published between 2011 and 2021, covering all disciplines and
major altmetrics attention sources. The following research questions address the need for
extensive and systematic research into the OA phenomenon:

e RQ1: To what extent have the OAA phenomena developed from 2011 to 2021, and
what are their relationships with the growth of OA publishing?
RQ2: To what extent do they vary by discipline?
RQ3: What is the relationship between the OAA phenomena, and how do they
correlate?

2. METHODS

The research design was to gather a reasonably complete set of journal articles published from
2011 to 2021 (n = 33,241,710) and to compare both citation counts and altmetrics between
the OA and non-OA subsets across six different broad disciplines.

2.1. Data

Journal articles were extracted from the scholarly database Dimensions, which has coverage
comparable to Scopus and the Web of Science ( ). Dimen-
sions’ database is built around metadata harvested from Crossref, PubMed, PubMed Central,
and preprint servers and enriched by publisher-supplied data.

Dimensions uses OA data from Unpaywall, a comprehensive OA database (

); this data is further enriched by the inclusion of data from DOAJ and publishers and
through indexing additional preprint repositories. Nevertheless, coverage of OA publications
will be underrepresented, most notably by omitting research without DOIs, and potentially
excluding unindexed preprint repositories and publishers—an omission which is likely to offer
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a bias towards the Global North. The accuracy of Unpaywall at the time of launch was found to
vary by discipline, with Humanities and Social Sciences being underrepresented, (

). However, by 2021, its coverage and accuracy were found to have improved and the data-
base was considered adequate for research ( ). Researchers have noted that while
bibliometric databases may report different rates of OA publication, this is likely related to differ-
ent indexing policies: Systems, such as Dimensions, that have higher coverage in the Global
South are likely to offer a more accurate analysis of OA rates ( ).

Articles are classified against Fields of Research categories using machine learning, a pro-
cess requiring the full text of the article ( ). In 2019, Dimensions reported that
over 100 of the largest scholarly publishers were supplying full text for the indexing process, so
over two-thirds of the entire corpus are available for analysis; journal articles are further clas-
sified by the use of journal-level subject classifications ( ).

Only publications matching a minimum of one Field of Research subject classification were
retrieved from Dimensions, and these were mapped into six broad disciplines to help identify
general trends: Engineering & Technology (ET); Humanities (HU); Life Sciences (LS); Medical
& Health Sciences (MHS); Physical & Mathematical Sciences (MHS); and Social Sciences (SS).

For simplicity, each publication was classified as either OA or non-OA, according to the
Dimensions Google Big Data (GBQ) data set on February 5, 2023. The six disciplines have
substantial numbers of journal articles ( in the ,

is available at ), ranging from 36,951
(OA HU 2011) to 845,488 (OA MHS 2021). The OA percentages vary from 21.1% (OA ET
2011) to 63.6% (OA LS 2020). The resultant data set therefore consists of 132 groups as
defined by three factors (year of publication, OA status, and discipline).

A data set from Altmetric was incorporated into a Dimensions data set, with data from both
sources being up to date on February 5, 2023, for Dimensions journal publications published
from 2011 to 2021. For each published article, seven indicator values were retrieved: Dimen-
sions’ citations and Altmetric’s news, blog, Twitter, Wikipedia, patent, and policy data. To
facilitate analysis by proportion, each article was assigned a binary classification for each
metric, being either active or nonactive.

The platform known as Twitter throughout the research period is now known as X; its earlier
name is used in this manuscript. Subsequent to decisions by PlumX (
) and Crossref ( ) to drop Twitter coverage and history from their products,
Altmetric is the only data set to provide this data, which is the most populous data source
examined in this research.

2.2.  Analysis

A variety of statistics were calculated for each cohort: For each of the seven indicators, both
proportion (i.e., the percentage of the cohort with nonzero activity) and mean values (based on
log+1 values) were calculated. These two values were chosen in order to measure the cover-
age of an indicator and the scale of that coverage, thus allowing for an analysis that supported
the comparison of the proportion getting attention versus the scale of that attention.

For both publication rate and each of the resulting 14 indicators, the value of the OA cohort
was divided by its non-OA counterpart to achieve a ratio for each indicator quantifying the
OAA. The OAA for volume of publications is the Open Access Publishing Advantage (OAPA),
with each of the citation and altmetric data sources having an Open Access Advantage (OAA)
for both proportion and mean. Each value shows a positive OAA when >1, and a negative
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OAA (i.e., an advantage to non-OA research) when <1. A value of 1 would indicate that
neither OA nor non-OA has the advantage.

To understand whether the annual change in OAPA is significant for each discipline, the
breakdown of OA/non-OA for a given year and discipline was compared to the previous year’s
data points using a chi-squared population test: This test allows us to calculate the probability
that the differences between the 2 years have occurred by chance.

Analysis of both citation and altmetrics means is rendered complex by data skewness
( ; ; ); thus, the appropriate statistical analysis
was carried out on the log values of each publication’s indicators (all values incremented by 1
to facilitate this computation). The significance of the difference between the OA and non-OA
populations was calculated by a Z-test (which tests both mean and standard deviation) carried
out on these log values. Statistical analysis of population proportions, however, is not subject
to this skewness, and was analyzed by a chi-squared population test to analyze for variation
from the global distribution for that cohort.

To understand the relationship between each cohort’s proportion and mean, these values
were further analyzed by a Pearson test for each indicator; similarly, the relationship between
each indicator and each cohort’s OAA proportion and OAA mean is presented.

3. RESULTS

This section presents data covering the growth of journal-based research publications from
2011 to 2021, with a particular focus on the differential growth rates of six different disciplines
according to their OA status, trends in citation performance, and trends in six different
altmetric attention sources (news, blogs, Twitter, Wikipedia, patents, and policy documents),
with a particular focus on the differential attention rates in six different disciplines according to
their OA status. The results and statistical analysis may be found in

3.1. Open Access Publication Trends

Each discipline’s publication rates grow substantially over the decade, with an ultimate Open
Access Publication Advantage (OAPA) for all but one field. Overall OA rates grew from 32% in
2011 to 55% in 2021. Annual growth for OA proportion approximates to 2% for all disci-
plines. Growth in OA publishing is more pronounced in disciplines that start from a lower
percentage: The proportions of OA papers for ET, HU, and SS published in 2011 are 21%,
24%, and 31%, respectively, but had grown to 43%, 51%, and 58% by 2021. In contrast,
PMS, LS, and MHS grew from 33% to 51%, 45% to 63%, and 36% to 62%. Despite the growth
in OA publications, non-OA publication rates in ET, PMS, LS, and SS also grew over the same
period, albeit at a much lower rate, being between 1.9 and 1.3 times higher, when comparing
2011 and 2021. Rates of HU and MHS non-OA publishing were static over the decade
( ).

In 2013, LS was the first discipline to become majority OA, with MHS and SS following in
2016 and 2017 respectively ( ). HU and PMS became majority OA in 2020, leaving
only ET majority non-OA in 2021. Analysis of SS and HU disciplines over the period, where
year-on-year analysis shows several years with sharp inflection points, strongly suggesting
significant nonlinear trends in the growth of OA/non-OA publications. In contrast, PMS'’s
transition to OA is considerably slower and showing no significant year-on-year trends
between OA and non-OA publications. ET and MHS show 2 and 3 years of nonlinear growth,
respectively.
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Bl Physical and Mathematical Sciences .
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Figure 1. The ratio of OA to non-OA journal articles (OAPA) published per year for journal articles split into six disciplinary groupings. The
publication data is from February 5, 2023.

3.2. Trends in Citations

Global OAAs are seen to decrease in recent years (Table 1), with the OAA for citation means
being more persistent than for citation proportions. Significant disciplinary differences are
evident for both OAA citation proportions (Figure 2) and OAA citation means (Figure 3).

In general, these are stronger in MHS and LS papers than in others. For all disciplines, the
OAA citation means were stronger for older papers than newer papers, while the OAA citation
proportions are largely consistent for MHS and LS for all publication years. For other disci-
plines, the OAA proportions are largely absent for older papers, and weaker still for newer
papers. A strong disadvantage for recently published SS research is shown. In general, there
is a moderately strong correlation between proportion and mean OAAs: The correlation is
highest for the lowest cited disciplines (HU, both OA and non-OA) and weakest for the highest
cited disciplines (LS and MHS) (Table S5).

The proportion of papers that receive at least one citation varies over time, by discipline
and by OA and non-OA cohorts (Table S3). PMS and LS have the largest proportion of papers
cited, with over 81% of 2011 papers and over 57% of the newest papers receiving citations for
both disciplines. In contrast, only 40% of 2011 HU papers have been cited, and under 15% of

Table 1. The Open Access Advantages for citation proportion and citation means. The citation data is from February 5, 2023

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

OAA 1.09 1.09 1.07 1.08 1.06 1.05 1.04 1.00 0.99 1.00 1.01
proportion

OAA mean 1.62 1.59 1.53 1.51 1.45 1.43 1.37 1.23 1.15 1.36 1.08
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OAA Citations Proportions Ratio (OA / non-0A)

Figure 2. The ratio between the proportion of OA journal articles with at least one citation to the proportion of non-OA journal articles with at
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least one citation for six broad disciplines in Dimensions. The citation data is from February 5, 2023.
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Figure 3. The ratio between the mean of OA journal article citations to the mean of non-OA journal article citations for six broad disciplines
in Dimensions. The citation data is from February, 2023.
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Table 2.  The Open Access Advantages for news proportion and news means. The news data is from February 5, 2023
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
OAA 2.32 2.21 2.45 2.47 2.40 2.35 2.40 2.35 2.23 2.44 1.93
proportion
OAA mean 2.90 2.84 3.19 3.33 2.94 3.42 3.44 3.32 3.14 4.74 3.14
2021 outputs: nevertheless, the citation proportion OAAs for HU research shows the strongest
rate of growth over the decade.

As assessed by the Z-test, the citation mean for OA papers is significantly different from the
citation mean for non-OA papers for most years when calculated using the logged citation
values+1 (Table S4). There are wide variations between disciplines. The most cited sets,
MHS OA and non-OA papers in 2011, received means of over 33 and 16 citations, respec-
tively. In contrast, the least cited discipline (HU) received, on average between 4 and 5 cita-
tions for both 2011 cohorts. The most recently published OA papers for SS, PMS, and ET all
show a negative OAA for both proportion and mean. As for many other indicators, means,
proportions, and OAAs were higher during 2020-2021, the COVID-19 years.

3.3. Trends in News Mentions
The news OAAs for news are consistently high for all periods (Table 2), with the OAA for
means being marginally higher than the OAA for proportions.

The OAA proportion (Figure 4) and OAA means (Figure 5) for news are universally strong:
These advantages are stronger for ET, LS, MHS and PMS, while being weaker for HU and SS

3.5
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Figure 4. The ratio between the proportion of OA journal articles with at least one news mention to the proportion of non-OA journal articles
with at least one news mention for six broad disciplines in Dimensions. The news data is from February 5, 2023.

Quantitative Science Studies

653

920z AInc €0 uo 3senb Aq 4pd 0. "e ssb//z6.85¢ /0.7 " 'SSD /¢9TT "0T /10p /4pd -8 |9 1} Je/ssb/nps 3w 3081 1p//:d 33y Wo i} papeo jumog


https://doi.org/10.6084/m9.figshare.25036754

Evaluating open access advantages (2011—2021)

5.5 e
/
I Life Sciences II \\
B Physical and Mathematical Sciences / A
S Social Sciences / \\
: / \
- Medlca? énd Health Sciences /,‘ / 3
| Humanities P \\ / \\
e
4.5 Il Engineering and Technology ,>// \ / X
/» S \\ _——L’—Q \\
7 N \ = o ! % \
/ . i / N
i —
S 4 /7 e / A
< 77 N
S - \ / \:
H P 77— X //.‘7#«‘_.\ N
S -~
S 3s5@ 2 e 0 i) 4 4 ‘\\ A\ -7 / . Y
S 3 = - ¢ / i 2~ o .
~. 7~ 7. A N 2 ! N, \
g & e [/ Ss / @
o] ~S S = ~ 4 // / 7N N
& \’:’ e ol 7 = / il @
8 2P~ = L - S~ / Vi \ >
3 3 ~4 S . e — AN 7 N ®
E ~¢ -9 N P \\
2 \\.// R
1S - \,
(3} Pl d
S 25 - N
2 - 4 N
3 T ©
7 -—®
<, e———— \ - '
3 \,
15 -
] § OA Advantage above
0.5
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Publication Year

Figure 5. The ratio between the mean of OA journal article news mentions to the mean of non-OA journal article news mentions for six broad
disciplines in Dimensions. The news data is from February 5, 2023.
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papers (Table S7). In general, the correlation between the proportion of articles with news
mentions, and the mean of news mentions is very strong, with only HU non-OA research
having an R below 0.8 (Table S9).

There are significant discipline differences for OAA proportion, with attention being highest
for MHS, LS, and SS respectively. The proportion of OA MHS papers with news attention
ranges from 3.7% in 2011, to 9% in 2016, and 7.5% in 2021. The fields with the lowest levels
of attention are ET and PMS: The former is mostly below 2%, with ~3-4% of OA PMS papers
receiving news attention.

ET has the highest OAA mean for news, being close to 4 for all years. The OAA mean for
PMS rises from close to 2 to over 4, while MHS papers of all years have an OAA mean
between 3 and 4x until the COVID-19 years, when it rises to 4.5. LS rises at a similar rate
to PMS, although at a lower level. The OAA mean for HU and SS is generally consistent for
papers of all years, with HU having an OAA generally over 2, and SS generally below 2.
Despite the low levels of news attention, ET shows the highest OAA proportion, being about
2.5 through the decade. HU and SS show the lowest OAA proportions and OAA means, gen-
erally being below 1.5.

3.4. Trends in Blog Mentions

Similar to news OAAs, the global values for blog OAAs are consistent across the decade
(Table 3).

In general, the proportion of papers with mentions in blogs has remained relatively low and
static (Table S11), although significant disciplinary differences exist (Table S12). The OAA pro-

portion (Figure 6) and OAA mean (Figure 7) for blogs are consistent for publications for all
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Table 3. The Open Access Advantages for blog proportion and blog means. The blog data is from February 5, 2023
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
OAA 2.48 2.46 2.40 2.48 2.42 2.77 2.35 2.59 2.54 2.47 2.22
proportion
OAA mean 2.89 3.14 2.91 2.95 2.98 3.45 2.98 2.96 2.68 2.95 2.37

years except for PMS, with the OAAs being lowest for HU and SS publications. The correlation
between the proportion of papers with blog attention, and mean blogs varies from moderately

to very strong (Tal

The average n

ole S13).

umber of blog mentions of research papers is generally low, with many

cohorts being below 0.1, excepting OA LS papers published between 2011 and 2020, OA
MHS papers published between 2013 and 2018, and OA SS papers in 2014 (Table S12).
The highest proportions of papers receiving attention in blogs were published between
2015 and 2018 for LS, MHS, and PMS, which have peaks over 7%, 4.5%, and 6% for each
subject’s OA publications. Although ET’s blog activity is the lowest of the six disciplines (peak-
ing at over 1.5% in 2017 for OA research), it—and LS, MHS, and PMS—show a statistically

significant OAA.

PMS shows the most striking change: from 2011 to 2015 the OAAs are consistent, with
approximately 2.5x the proportion of OA papers receiving blog mentions over their non-
OA equivalents. However, in 2016 this proportion jumps to over 5, a level which is more

or less maintaine

d until 2021, giving PMS the highest OAA for the proportion of papers
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Figure 6. The ratio between the proportion of OA journal articles with at least one blog mention to the proportion of non-OA journal articles

with at least one blog mention for six broad disciplines in D
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imensions. The blog data is from February 5, 2023.
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OAA Blog Mention Mean Ratio (OA / non-0A)
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Figure 7. The ratio between the mean of OA journal article blog mentions to the mean of non-OA journal article blog mentions for six broad
disciplines in Dimensions. The blog data is from February, 2023.

receiving attention from blogs: This data was largely driven by the introduction of a semi-
automated blogging platform (Arxiver.net), that supported the publication of astronomy
preprints.

3.5. Trends in Twitter Mentions

Global OAAs for Twitter show unique trends: although the OAA for proportions decreases in
later years, the OAA for means—which is significantly larger than the OAA for proportions—is
maintained across the decade (Table 4).

Other than citations, Twitter provides the broadest coverage of research of all sources ana-
lyzed in this paper. Of papers published in 2011, the lowest proportion of papers with Twitter
mentions is 2% for non-OA papers in ET; the highest is over 19% for LS OA papers (Table S15).
The OAA proportions show considerable disciplinary differences but decline over time for all
disciplines (Figure 8). Growth in the volumes of Twitter mentions over the decade is dramatic
(Table S16). The OAA means are high and do not decline for recent papers (Figure 9); almost
all observations are statistically significant. The cohort with the least growth is SS OA papers,
rising from a mean of just over 1 to just over 4, showing a quadrupling of attention. In contrast,
the mean values for all LS and MHS papers rise by a factor of approximately 10 between 2011

Table 4. The Open Access Advantages for Twitter proportion and Twitter means. The Twitter data is from February 5, 2023
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
OAA 1.98 1.82 1.76 1.77 1.74 1.71 1.71 1.61 1.49 1.50 1.38
proportion
OAA mean 2.93 2.59 2.55 2.63 2.72 2.80 2.65 2.65 2.44 3.72 3.04
Quantitative Science Studies 656
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Figure 8. The ratio between the proportion of OA journal articles with at least one Twitter mention to the proportion of non-OA journal
articles with at least one Twitter mention for six broad disciplines in Dimensions. The Twitter data is from February 5, 2023.
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Figure 9. The ratio between the mean of OA journal article Twitter mentions to the mean of non-OA journal article Twitter mentions for six
broad disciplines in Dimensions. The Twitter data is from February, 2023.
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and 2021. MHS OA papers are the most tweeted about, with a mean of almost 16 in 2020
during COVID-19, having been 8 in 2019. OA LS papers also peak in 2020, with a mean of
10. All cohorts show a moderate or strong correlation between the proportion of publications
with Twitter attention and the mean values ( ).

For papers published in 2021, the lowest proportion of papers mentioned on Twitter is 11%
(for non-OA ET papers) and the highest is almost 50% (for OA LS papers). All proportions grow
over the decade, and all observations for ET, LS, MHS, and PMS are statistically significant.
MHS and LS papers consistently have the highest proportion of Twitter attention, for both
OA and non-OA papers, with proportions ranging between 11% and 38% (LS non-OA),
16-50% (LS OA), 11-38% (MHS non-OA), and 20-46% (MHS OA). SS research is the third
most covered, with a proportion between 11% and 30% for non-OA papers and between 14%
and 30% for OA. ET has the least coverage throughout the decade, peaking at 22% for OA
papers in 2020. The OAA proportion for HU and SS research is largely absent for all years.

3.6. Trends in Wikipedia Citations

The global OAAs for Wikipedia are consistent across the decade, showing no significant
change ( ). The OAA for citations is higher than for means, but more variable.

The proportion ( ) and means ( ) of papers with Wikipedia citations is
higher for older papers for all cohorts. The correlation between the proportion of papers with
Wikipedia citations and the mean value of those citations is very high, with the exception of
OA PMS papers, which is moderately high ( ), and is due to a single outlying paper,
described below. The OAA proportions ( ) and OAA means ( ) are otherwise
consistent and positive for all disciplines except HU and SS, which are neutral. Correlations
between proportion and mean Wikipedia citations are very high ( ).

Of the papers published in 2011, the discipline with the highest proportion of cited papers
is LS, with OA and non-OA papers receiving 7% and almost 4% respectively. MHS OA papers
from the same year are cited almost 4% of the time, whereas their non-OA equivalents are
cited almost 2% of the time. Fewest ET papers are cited, with only 0.7% of non-OA papers
and 1.6% of OA papers getting attention from Wikipedia. In general, the newest papers have
received a negligible number of citations from Wikipedia, with the peak values for papers pub-
lished in 2021 being 0.3 for both OA LS and OA PMS cohorts. The trend by publication year is
roughly linear, descending from 2011 to 2021.

ET papers show the highest OAA proportion, despite their overall low proportion of papers
with Wikipedia citations, OA papers are over 2.5x more likely to be cited in Wikipedia than
their non-OA equivalents ( ). PMS and MHS papers show a similar advantage,
although in the case of PMS, this tails off towards the end of the decade with an advantage
of only 2x, and MHS peaks in 2020. The OAA for LS decreases from 1.7x to below 1.5x over
the experiment.

Table 5. The Open Access Advantages for Wikipedia proportion and Wikipedia means. The Wikipedia data is from February 5, 2023

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

OAA 2.06 1.98 1.98 2.08 2.02 2.06 2.00 1.94 1.85 2.00 1.80
proportion

OAA mean 3.21 2.43 2.37 2.45 2.55 2.49 2.09 2.13 2.42 2.85 2.89

Quantitative Science Studies

658

920z AInc €0 uo 3senb Aq 4pd 0. "e ssb//z6.85¢ /0.7 " 'SSD /¢9TT "0T /10p /4pd -8 |9 1} Je/ssb/nps 3w 3081 1p//:d 33y Wo i} papeo jumog


https://doi.org/10.6084/m9.figshare.25036754
https://doi.org/10.6084/m9.figshare.25036754
https://doi.org/10.6084/m9.figshare.25036754
https://doi.org/10.6084/m9.figshare.25036754
https://doi.org/10.6084/m9.figshare.25036754

Evaluating open access advantages (2011-2021)

OAA Wikipedia Citation Proportion Ratio (OA / non-0A)
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Figure 11. The ratio between the mean of OA journal article Wikipedia citation mentions to the mean of non-OA journal article Wikipedia
citation mentions for six broad disciplines in Dimensions. The Wikipedia data is from February 5, 2023.
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Table 6. The Open Access Advantages for patent proportion and patent means. The patent data is from February 5, 2023
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
OAA 1.49 1.48 1.48 1.51 1.46 1.41 1.46 1.44 1.44 1.77 1.87
proportion
OAA mean 1.89 1.94 1.90 1.92 1.85 1.84 1.64 1.87 1.38 - -

The 2011 value is an outlier caused by a single paper (Masiero, Mainzer et al., 2011),
which had received 25,000 Wikipedia citations at the time the data was sampled. This
paper reports on the physical properties of several thousand asteroids, and many of these
have a Wikipedia page. Despite N > 180,000, this value contributes ~0.14 to the overall
score. The OAA mean for PMS papers published in 2014 without this value would be
approximately 4.

3.7. Trends in Patent Citations

Despite low volumes of overall citations from patents, the global OAAs are reasonably con-
sistent, and of a similar order of size (Table 6).

In general, the volume of patent citations is low (Table S24); however, the OAA proportion
is significant for MHS and LS, and the OAA means are significant for all disciplines and years,
except for HU and more recently published SS papers. Patent citations are heavily skewed
towards the older papers, but the OAAs tend to be consistent for all years. Both the proportions
(Figure 12) and means of papers show considerable disciplinary differences (Tables 523, S24).
The correlation between proportions and means is very high (Table 525).

I Life Sciences
3 M Physical and Mathematical Sciences
Social Sciences /,
I Medical and Health Sciences //
Humanities ’\ //
I Engineering and Technology // \\/\/
/
/ // N
= 25 7 7 ~
3 / / ®
; . 4 ¥
S g D o e = e
L it d—— @ - / A
= __e. \\\\. ______ —.\\\ P
S | - O __ o o Mo TS R __./// ®
2 S~ i ———— @
5 2 Saa -
[ [ /
S 7
kS] g
£ 7
Q 7/
g /
Q //
<
S 15 ® " -0
E e Y i
S S S e ¥
R e Y A, e v o \ -
R S— : S -
o/ )~
< ¢ \ o - )
3 . ) O G &=
S =
1 & = ( o
" T \
"
*————- *-
0.5
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Publication Year

Figure 12. The ratio between the proportion of OA journal articles with at least one patent citation mention to the proportion of non-OA
journal articles with at least one patent citation mention for six broad disciplines in Dimensions. The patent data is from February 5, 2023.
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OAA Patent Citation Mean Ratio (OA / non-OA)
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Although OA LS papers published in 2011 show the highest coverage (over 8% receive
patent citations), ET shows consistently high coverage, with over 5% and 6% of 2011 OA
and non-OA papers being cited. OA MHS papers from the same year have almost 7% cover-
age, while their non-OA equivalents have just over 3%. PMS non-OA papers have a higher
coverage than the OA cohort, 5.5% versus 4%.

LS and MHS papers have a strong OAA for both proportion and mean, which does not
decline for more recently published research. PMS is largely neutral for all years, while ET
shows a moderate (but significant) OAA for both proportion and mean, showing a rise for more
recently publications.

LS and MHS papers show significant OAA means, according to Z-test analysis, with OA
papers consistently receiving 2x the number of patent citations—until 2020, when that advan-
tage increases significantly (Figure 13). PMS shows a significant disadvantage for OA papers
from 2011-2013, whereas later papers show a small—but significant—OAA. Apart from 2020,
when it increases to over 2.5%, ET papers show a consistent OAA of approximately 1.5x.
Volumes are too low for HU and SS patent citations to draw secure conclusions.

3.8. Trends in Policy Citations

Global OAAs for policy citations (Table 7) have a unique characteristic in the data sources
studied: Both proportions and means are seen to grow over the decade, even allowing for
the significant COVID-19 related data in 2020.

The OAAs for proportions (Figure 14) and means (Figure 15) are generally stronger for
newer papers than older ones. Policy citations are among the lowest volume of altmetric
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Figure 13. The ratio between the mean of OA journal article patent citation mentions to the mean of non-OA journal article patent citation
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Table 7. The Open Access Advantages for policy proportion and policy means. The Twitter data is from February 5, 2023
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
OAA 1.63 1.64 1.68 1.80 1.89 1.99 2.04 2.03 2.13 3.42 3.38
proportion
OAA mean 1.84 1.87 1.90 1.95 2.41 3.24 2.62 3.22 2.95 10.41 -

indicators, and show significant disciplinary differences, with SS, LS, and MHS showing the
highest values for both proportions (Table 527) and means (Table S28). The correlation
between proportions and means is very strong (Table 529).

SS papers show consistently high proportions and means for citations from policy docu-
ments, with OA and non-OA papers published in 2011 showing 5% and 4% coverage.
Approximately 5% of OA MHS papers published in that year are cited; with between 2%
and 3% of non-OA MHS papers and all LS papers receiving attention from policy documents.
PMS, HU, and ET have less than 1% coverage for all observations. MHS papers in 2020-2021
are over 4x more likely to receive policy citations. Despite the low proportion of papers getting
attention from policy citations, PMS papers have the strongest and most consistent
OAA—albeit nonsignificant.

Despite low volumes of policy citations, significant OAA are reported for almost all obser-
vations, the exceptions being the four oldest LS cohorts and HU papers published in 2014. In
general, despite the lack of significance, the OAA increases for the more recent papers, with
ET and PMS papers showing the higher OAA values. MHS papers have a mean that is
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Figure 14. The ratio between the proportion of OA journal articles with at least one policy citation mention to the proportion of non-OA
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Figure 15. The ratio between the mean of OA journal article policy citation mentions to the mean of non-OA journal article policy citation
mentions for six broad disciplines in Dimensions. The policy data is from February 5, 2023.

consistently twice that of their non-OA equivalents until 2020-2021, when that value
increases to between 6-7x.

4. DISCUSSION

4.1. The Development of the OAAs During 2011-2021

The increase in OA publications was faster than non-OA, resulting in all disciplines except ET
becoming majority OA by 2021. These results are consistent with previous investigations: The
20% reported in 2009 (Bjork et al., 2010) is in line with 32% presented here for 2011; 41% in
this paper for 2015 versus 45% (Piwowar et al., 2018) and 55% OA for 2021 is in line with
54% previously reported for 2022 (Basson et al., 2022).

For RQ1, the OAA for citation proportions and means are broadly steady across the decade.
A slight decline is reported, this being potentially related to the underlying growth in the pro-
portion of OA publications. Although these results correspond with earlier research (Piwowar
et al.,, 2018), the differences between OAA proportion and OAA mean, and between disci-
plines, have not hitherto been reported since 2006 (Eysenbach, 2006), who calculated OAAs
for proportions and means of 9% and 42% respectively, numbers that are close to those
reported here for 2010 (Table 1), being 9% and 62%. The findings of this research suggest that
both OAAs have reduced over time: However, this interpretation is subject to significant dis-
ciplinary caveats that are discussed below.

OAAs for altmetrics do not follow the same patterns as OAAs for citations; neither are the
individual sources uniform. The OAAs for news and blogs are largely consistent for each pub-
lication year, with the implication that attention paid to OA research by these sources is inde-
pendent of the volume of OA publication. These broader observations for news and blogs are
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consistent with earlier, narrower research ( ; ; ),
although covering a wider timescale, encompassing a much larger set of publications and ana-
lyzing the differences between proportion and mean. Twitter OAAs partially follow these
trends: The OAA proportions for more recent papers are slightly lower, following a similar
pattern to the OAAs for citation proportion. However, the OAA mean for Twitter is significant
and—with the exception of the COVID-19 years—largely stable, reinforcing earlier, narrower
observations ( ; ). While the OAA proportion declines, the OAA mean is
largely unaffected by the transition to OA: This research adds and extends earlier findings relat-
ing to the growth in the use of the Twitter platform ( ;

). Wikipedia and patent citations exhibit consistent OAAs for means and propor-
tions for both older and newer papers, despite being among the slower metrics to accrue.
These results are compatible with earlier, more limited findings for Wikipedia citations
( ) and patent citations ( ; ).
The OAAs for policy citations, however, are larger for more recent papers than their older
equivalents, despite the relative slowness of this attention source: This finding expands and
elaborates early longitudinal observations ( ).

4.2. Disciplinary Differences

The results on OA publication trends presented here are in line with smaller studies and con-
firm the uneven adoption of OA publishing across disciplines ( ;

; ). HU and SS both show low proportions of OA in 2011;
however, both disciplines have years where the proportion of OA grows significantly against
the background trend of overall growth, possibly as a consequence of funding policy or the
launching of new, OA-first journals. Consequently, whereas HU and ET show a similar OA
proportion in 2011, the position changed so that by 2020, HU became majority OA, while
ET remained majority non-OA. None of LS (majority OA in 2013-2014), MHS (2016) nor
PMS (2020-2021) have years with similar jumps towards OA majority, showing smooth
growth over the decade.

For RQ2, this research reports a number of novel findings on the performance of disciplines,
and where they are seen to differ. Disciplinary differences have been widely reported, for both
citations ( ) and altmetrics ( ; ), and the
observations made here expand knowledge of this phenomenon and elaborate on it, to pro-
vide unique insights into the scope and scale of the various OAAs over time and over disci-
pline. Although the general trend is for the OAA citation proportion to drop between 2011 and
2021, the OAA citation proportion for LS and MHS grows against trend, whereas SS research
drops markedly by the same metric, showing a disadvantage for OA papers for more recently
published research. In contrast, the OAA citation means generally drop smoothly for papers
published across the decade.

The OAAs reported for news and blogs show a clear difference between HU, SS, and the
other disciplines, with much stronger OAAs being reported for LS, MHS, PMS, and ET. The
OAA mean for news is universal, persistent, and generally steady over time, varying from 2
(HU and SS) to 3—4x (ET, LS, MHS, PMS). These observations are in line with earlier, niche
research ( ; ; ;

; ). These differences are somewhat echoed by Twitter OAAs. In each case,
the disciplines with the highest OAAs are ET and PMS, fields that show lower rates of OA
publication. Wikipedia citations show similar OAAs, despite the relatively high rates of HU
and SS research citation. Patent citations have the highest OAAs for MHS and LS; despite
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relatively high rates of citations for PMS and ET, the OAAs for patent citations are compara-
tively low, and broadly in line with SS and HU, disciplines that have almost no patent citation
data. Despite significant differences in discipline performance for policy citations, the OAAs
are remarkably similar, all of which grow over the decade—in contrast to all other indicators.

4.3. The Open Access Advantages Hypotheses and the Experimental Observations

For RQ3, we can endeavor to compare the different metrics and offer potential interpretations
against a number of the hypotheses that explain the OAAs. However, the “New
journals/journal policies” hypothesis cannot be understood using this study; neither can it
directly report on the “Early Access” hypothesis.

4.3.1. Self-selection

This research covers a period starting in 2011—when 32% of research was OA—to a period
when OA increased to 54% ( ). If it were the case that researchers were self-selecting
their best papers to be OA ( ), the growth of OA over the decade would
likely result in a drop in both OAAs as the OA share increased, and this would be most marked
for the disciplines that had made the biggest change. The presented data does not provide
evidence for this hypothesis: The subjects with the largest growth in OA publishing—LS
and MHS—show the highest OAAs, even allowing for the COVID-19 years. In contrast,
ET—which shows the lowest level of OA publishing from 2012-2021—shows no citation
advantage for proportions. while HU—with similar rates of OA publishing to ET—has the
strongest growth in OAAs.

4.3.2. Acceleration of scientific production and impact

However, the observations for LS and MHS are consistent with the hypothesis of accelerated
scientific production ( ): For these disciplines we see a growth in OA pub-
lishing, and with that increase in volume, we see increases in the likelihood of any citation and
increases in the mean citations for those OA publications; a similar trend can be discerned for
HU research. The slow growth of OA in ET and PMS is matched by a lack of OAAs. In contrast,
data for the SS suggests a different interpretation: Here, we see one of the highest rates of
migration from non-OA to OA, coupled with the lowest OAA for proportion, and a negligible
effect for citation means. For this discipline, the transition to OA has been the third fastest, but
has resulted in fewer of those OA papers receiving any citations whatsoever. While this could
be interpreted as being a disproportionate growth of poor quality research ( ), this
phenomenon could result from an overall increase in journal (rather than monograph)
publishing in SS. Alternatively, this growth could be driven by new OA journals issuing DOls,
and thus being indexed by Dimensions.

The widespread phenomenon of publishing COVID-19 research as OA was intended to
accelerate the development of the relevant science ( ;
; ), the data presented in this research showing the increased in OA
citation advantages is consistent with this thesis.

The findings for patent citations and their correlation with OA trends are potential evidence
for the hypothesized increase in IP creation ( ).

4.3.3. Network effects: Early access and the Matthew effect

In terms of news, blog, and Twitter activity, we see consistent OAAs for most measures and
disciplines, with SS and HU publications having much smaller OAA values than the other
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disciplines. These OAA values do not appear to be related to either OAPA or citation OAAs,
suggesting different mechanisms behind these phenomena: While there is evidence to support
the Matthew effect hypothesis that “the rich get richer” ( ) for HU and SS on
Twitter (the OAA proportion is absent, the OAA mean is present), the general trend is that OA
publications are always more likely to benefit from increased attention once visible on these
platforms, and—once visible—are more likely to get attention from the same source, a form of
network effect ( ). A possible additional explanation is that the increas-
ing use of the Internet to mediate communication is seeing an expansion of the capacity to
transmit research findings, one that is further enabled by OA research.

4.3.4. Other hypotheses

Patent, Wikipedia and policy citations are the slowest measures to accrue, and consequently
data will be skewed towards older papers (i.e., years without an OAPA); hence the data is more
challenging to interpret. The slow development of the OAA for policy citations suggests a dif-
ferent mechanism for the translation of policy impact: An interpretation might be that policy
authors are accustomed to using high-profile journals that come from a non-OA tradition, and
that these are among the slowest to adopt OA.

Alternatively, the consistency of the patent OAAs for MHS and LS suggests a different mech-
anism, which could be explained by improved visibility: It is unlikely to be driven by quality,
as there is no clear evidence of either OAA being influenced by the OAPA of the disciplines.
This linearity is shared with the OAAs for Wikipedia: Here it has been suggested that the use of
an OA bot that helps complete OA references, thus providing a visibility advantage, might be
partially responsible for an OAA ( ). The latter hypothesis can be seen
as a form of “free access”—the Wikipedia editor can cite OA materials more easily, and so
does. Similarly, the explanation might hold true for patent authors if it could be shown that
they do not have access to paid-for journals. The observation of increasing OAAs for policy
citations requires another explanation: This data may show the increasing familiarity of policy
authors with OA research and indicate their slow transition away from a tradition of citing
longstanding journals of quality.

4.3.5. Limitations

This study has a number of weaknesses. First, it is likely that the distribution of research pub-
lished in journals that have not been assigned a DOl—and thus is not in Dimensions—is not
evenly spread by geography, language, or discipline. Also excluded are papers which cannot
be assigned a subject area, which may be biased towards smaller publishers. Second, this
research amalgamates all forms of OA publishing and thus cannot report on the relative suc-
cess of the different models. In particular, differences over time may be due to the emergence
of large OA journals from traditional publishers, such as Springer, and the rise of large OA
publishers such as MDPI and Frontiers, as well as to varying proportions of predatory publisher
articles. Third, this study is not a longitudinal study: Research published in 2011 and reported
here has had 13 years in which to accrue attention, whereas research published in 2021 has
had only three. Each paper in this research has only one status: that which was reported by
Dimensions at the time of sampling.

5. CONCLUSIONS

This research sheds light on the development and performance of OA research throughout the
key years of 2011-2021, during which time OA papers grew to dominate non-OA research by
volume. This change has not come about by chance, having required multiple governmental
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and nongovernmental initiatives. This migration has been expensive, with Gold OA having an
estimated annual cost of US$2 billion. Although global analysis suggests that the Open Access
Advantages for citations are reducing, OA publications are often associated with higher
impacts than non-OA research in terms of academic impact, as measured through citations,
and presence in public visibility and discourse in news, blogs, and on Twitter; and largely
demonstrate increased socioeconomic impact, as measured by Wikipedia, patent, and policy
citations. However, the adoption of OA is far from consistent across disciplines, and—possibly
as a consequence—the apparent advantages that OA research often demonstrates may not be
shared by these other fields. Furthermore, the advantages of OA are not evenly distributed:
While there is evidence that some fields (MHS, LS, HU) are being strengthened by OA adop-
tion, there is the possibility that others (SS) are being weakened. Additionally, it is notable that
while some fields appear to have their visibility and socioeconomic impact boosted by their
OA status, others (HU, SS) are not similarly benefited. OA status is therefore not the only con-
founding factor contributing to the impact of research: OAAs are complex, dynamic, and
multifactorial, and require considerable analysis to understand and predict.

The data supports a number of hypotheses, suggesting that the OAAs are as heterogeneous
as the attention sources themselves. Further work is required to understand the importance of
OA type, the influence of new OA journals on the different disciplines’ impact, and the
longitudinal development of the OAAs.
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