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Abstract

The world of scientific publishing is changing; the days of an old type of
subscription-based earnings for publishers seem over, and we are entering a new
era. It seems as if an ever-increasing number of journals from disparate publishers
are going Gold, Open Access that is, yet have we rigorously ascertained the issue
in its entirety, or are we touting the strengths and forgetting about constructive
criticism and careful weighing of evidence? We will therefore present the current
state of the art, in a compact review/bibliometrics style, of this more relevant
than ever hot topic and suggest solutions that are most likely to be acceptable
to all parties–while the performed analysis also shows there seems to be a link
between trends in scientific publishing and tumultuous world events, which in
turn has a special significance for the publishing environment in the current world
stage.

Keywords: Gold Open Access, Subscription Access, State of the Art Review,
Comparative Analysis, Future Publishing Models, Tumultuous World Events

1 What It Once Was

Once, not even that long ago, subscription-based scientific publishing was the norm. [1]
The authors would write a paper after the hard work of research and, with assurance,
send the paper to the selected journal for review. Some time would pass, and most
likely than not, corrections to the paper would be requested and made, as the wisdom
is in the advice of many. After this long-established iterative process would come to
a near conclusion, a decision would be made, the editor would have spoken, let us
say accepted for publication, the copy editing process would then proceed, the paper
would be published, and the publisher, together with the authors, would be happy.
All was well.
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Subscriptions were paid by organizations that needed knowledge from the pub-
lished articles, typically universities and governments. This kind of model found in
scientific publishing [1] is a standard in almost every branch of human existence; there
is a producer of a product, which invests in the product, and there is a customer, which
has made no investment in the product but is in need of it and therefore naturally
pays the deserving price to the producer [2, 3]. With a catch in scientific publishing,
where the author most likely received no compensation from the publisher (and typ-
ically neither did editors nor reviewers) [4], in essence, publishers typically held onto
all the proceeds, a strange twist but nonetheless a practice.

The problem was, however, pinpointed to this model of conducting scientific pub-
lishing, namely that there are those that truly can’t afford the subscription as they
are expensive, with the freedom of science also being a chiming sound, and so a move-
ment was started, in a more prominent form this time, which touted Open Access1

publishing. [6–8] Through time, various forms of this kind of publishing were designed
and put into practice, with the basic idea that the final version of the article should be
free for the reader; this kind is typically called Gold Open Access (although there are
other kinds) [7] and is the model most aspired to; thus, publishers business model over
the years and decades changed and is still changing. An increasing number of articles
are continually being free to the reader, with Article Processing Charges coming into
place [9], so as to fully or in part replace the tried and true subscription model, which
indeed was not beyond improvement yet has served science well and for a long time.

Therefore, to further research and discussion [10], to review the most important
information, to present new information and insight, and to suggest a model of scien-
tific publishing that, according to current findings, best ensures open science from all
angles, we present the current research.

2 Beginning of an Era

Many supported an Open Access model [11, 12], with publishers trying to bring even
more journals to such a model every year, and especially to the Gold Open Access
typically hybridized by the option of the subscription-based model, with the transition
to Full Gold Open Access paving its way (a type of Open Access model where the only
option to publish is by paying a publication fee, that is Article Processing Charge).
[1, 13]

From a business standpoint, the financial construction is sound; there is a cut in
funds on one side, but that will be covered by the authors or funding institutions on
the other side, and thus the publishers will survive, an important factor without a
doubt, as the publishers are an integral part of academia and the scientific community.
Yet the dreadfully expensive subscriptions were replaced by typically expensive, or
at least not that inexpensive, Article Processing Charges. With the natural question
in the air: What is the total sum in terms of pluses and minuses, and what are the
constraints? [14]

1Enabled by innovation in digital technology. [5]
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3 Answering the Hard Questions

With the Article Processing Charge, by having in mind Gold Open Access if that
is the future, the author is no longer so assured after the research is over and the
paper written, as even if the research is of excellent quality, the great wall of Article
Processing Charge is casting a shadow, and it might be quite a long one. [9] Article
Processing Charges are as opposed to typical conference fees (common entry paywall
of the academia) steep; they range from 15 dollars, all the way to 10183 dollars, with
a mean of 2987 and a standard deviation of 1352 dollars [15], which can be a challenge
even for scientists coming from a first-world country [4, 16]–and if authors can’t pay
the charge, if the charge is not waived in some way, the publication will not happen,
and the science will be crushed.

The height of Article Processing Charge is clearly a concern [10, 17]; it seems that
the Open Access model is ca. equivalent in price or not that much more inexpensive,
quite a lackluster performance considering the hype, and if the situation is like this
now, what will happen when there will be no competition to press the brakes? What if
the only model will be the Full Gold Open Access (it seems that publishers are indeed
planning for this [18–21])? [4, 16]

This kind of Gold Open Access model, and those alike to it, might be defended on
the ground that the authors do not have to, or are not, paying the charge themselves,
with a library or some other funder covering the expense. But are we suggesting that
every university, college, faculty, small and medium-sized enterprise, etc. has the funds
to cover the Article Processing Charge without which one can’t publish a scientific
discovery? [4] To discern the issue more clearly, we can look at the global survey on
Open Access books2 from academic book authors, which found that 81% of Open
Access book authors and 55% of non-Open Access book authors agree or strongly
agree ”that all future scholarly books should be” Open Access. [22] Thus the number of
authors taking a different stance is not insignificant; that is, 19% of authors from Open
Access book authors and 45% of authors from non-Open Access book authors are in the
other part of the spectrum. Speaking in absolute terms, out of the 2542 respondents,
ca. 80% (2037) are non-Open Access book authors, therefore making a case argued by
non-Open Access book authors far stronger than that of Open Access book authors.
[22] This research has also found that typical barriers to choosing Open Access, given
by non-Open Access book authors, are inability to find funds (representing a serious
hurdle, as a high proportion of 47% of both types of authors stated that they ”didn’t
have funding for their last book”), low quality perception, low awareness, and lack of
willingness to pay, while the top three motivations for choosing Open Access, stated
by Open Access book authors, are beliefs in: larger readership, openness of research,
and higher citation count. [22] For a comparison of the Open Access and Subscription
Access document output trends, one can consult Figure 13.

Yet there are other issues following: what about individuals who are conducting
research, perhaps in their spare time, and without compensation, will they be paying

2Inclusion of such an analysis makes the present article more complete, gives an insight into a branch of
publishing similar in some instances to articles publishing (e.g. scientific monographs), and presents another
publishing area with which one can compare and reason about.

3It should be noted, as this represents research constraint, that Open Access documents are
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Fig. 1 Open Access (OA) and Subscription Access (SA) Documents by Publication Year: The last
two years obviously do not have a complete dataset. Data was acquired from Scopus, which is the
”world’s largest abstract and citation database of peer-reviewed research literature” [23]. No filter
was set on document type, and as such, this is a complete and up-to-date outlook. Up until recently,
SA publishing has commanded a substantial lead, yet the steady and especially recent explosion
of OA documents has placed both publishing models close to one another. Such a steep growth in
OA publishing has, from ca. 2013, produced, it seems, a standstill in the SA model; however, from
ca. 2021, the OA model has perhaps reached its peak as well, although it is still too soon to tell.
Notwithstanding such an instance, it seems that we are at a tipping point, at a crossroads from which
we will see a different turn of events. For a historical and more in-depth overview, one should consult
supplementary material at the end of the article. Documents for the year 2024 are the ones with a
planned date.

the Article Processing Charge so as to publish their paper? [14] Evidently, the situation
is not as clear-cut as one might perceive at a glance. If there is no way to publish in a
respectable venue without paying for publishing, then we are denying quality research
for the reason of price. This does not sound like belonging to science, and it isn’t, as
Article Processing Charge should not determine whether something can be published
or not, yet that long shadow is saying, either pay or leave, the criteria has changed
from meritocracy to paytocracy. Will science close the door to science? Is the future of
science only that which is paid for? Is this really independent research and traveling

4



to any place to which the evidence leads? As unpleasant as the critique may seem,
scientific work and science in general depend on a number of very specific postulates
(freedom of research, unblocked access to publishing venues, independent and fair
peer review and editorial process, certainty that accepted research will be published
speedily). With this disturbance, science is in serious danger. The fact is that science
needs to be protected; the status quo in science is neither an acceptable result nor a
conclusion. If SA publishing became unbearable for the reason of subscription price,
OA publishing is becoming unbearable for the reason of APC price [10], and moving
from one extreme to another will not be constructive.

One of the places where paytocracy is horrifyingly evident are predatory journals
[24] and publishers which have every incentive to publish as high number of articles
as they can, since the reader is not paying anymore and has became irrelevant, a
general flaw of the Open Access publishing4 [25]–with most notable characteristics of
such endeavors probably being large number of special issues, contacting large number
of authors and soliciting papers (potentially with discounted or heavily discounted
Article Processing Charge), unusually short reviewing process, unusually high number
of published articles, using scientists as a facade in occupied positions, unusually
high repeated authorship, excessive editor authorship, low quality research, unofficial
impact factor, contacting authors of a work published as a preprint excessive number
of times so as to publish it for a certain publisher or in a certain publication, etc.
[14, 25–32]

Yet it is so difficult to prove5, and so difficult to show that there is a predatory
element in a journal or with a specific publisher, the veil is sometimes so perfected
that it takes a substantial effort from multiple experts to reach a conclusion that yes,
there is something very strange going on here, we need to publish elsewhere. [25]

Everything has a price, and zero-cost publishing is unrealistic [34], yet the current
price is high–too high, many would argue, but why are publishers not budging? Why
are these very expensive models thriving? Because there is a market for them, and
as long as that is the case, little to nothing will change–parties involved have to stop
paying these towering prices, and funders need to stop rolling out checks to cover these
huge expenses, as talk alone will not go far. Self-balancing and competitive models
need to coexist so as to accommodate all facets of science.

4 There is a Solution

Intentions might have been good, and it would not be the first time that good inten-
tions have paved the way to hell, even Open Access hell. As hard as it may seem, the
problem is not solved; it has just been transferred from one side to the other [21], and
there are still those that can’t pay, with additional problems added to the fire, namely
the explosion of predatory journals like probably never in the history of science, being
unable to publish, journals transforming into money-making machines, buying your
way into science, etc.

4Typical models are (Full) Gold Open Access, Hybrid/Transformative Open Access, Green Open Access,
Diamond/Platinum Open Access. [7, 21]

5More on predatory element one can also find on Research Square. [33]
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To make matters worse, and enough worse they are, this same6 article that one
now reads was also submitted for publication to a well-known and high-profile journal,
the Science Advances (a Full Gold Open Access journal) [35], with the editor in chief
returning a message that the article is ”outside the scope” of the journal. Considering
that the web page on which the mission and scope of the Science Advances journal are
stated reads, ”... open access multidisciplinary journal, publishing impactful research
papers and reviews in any area of science, in both disciplinary-specific and broad,
interdisciplinary areas. The mission of Science Advances is to provide fair, fast, and
expert peer review to authors and a vetted selection of research, freely available to
readers...” [36], aforementioned clearly places the article at hand in the mission and
scope of the journal, as the journal covers all areas of science and is multidisciplinary.
Is it possible that the topic of the article was unwelcome to the journal considering
its Full Gold Open Access model, and are we seeing in advance what will happen to
science if we continue down this road?

The original problem could have been solved with a surgical knife and with far
less time, resources, and effort simply by modifying the subscription model. Was it
not easier to waive the subscription or modify the price than to go into the decades-
long transformation of scientific publishing [7] without resolving the core issue and
adding a few new issues into the oven? The scientific ship has, however, sailed, and
it is unlikely that it will change course with the decisions reversed, but there is a
solution. There are actually at least three solutions7, which are easy to implement as
they are grounded in everything the publishers already know, with a number of these
issues being tackled in the Coalition S analysis also [21].

The beginning of wisdom in Full Gold Open Access Publishing is a moment when
one realizes that such a model is not, in all its facets, truly open, as the state of
the art review and scientific discussion thus far have shown. In the end, what will
the one read if the one is unable to publish? The first solution to the issue is to
not completely transform into the Full Gold Open Access8, or a model alike to it,
but to hold two parallel models in place, an Open Access model, and a subscription9

model, thus via hybridization holding the flaws of both models in check, a competitive
solution that will allow science to flourish. This solution would allow publishers to
lower their subscription fees on the account of Open Access articles (which at least
some publishers, as far as we are aware, have not yet done [16]).

The second path is lowering the Article Processing Charge to a level, or at least
near to, the publication fees employed by scientific conferences, ranging from around
200 to 800 dollars. This model would coexist with the standard subscription model
(thus potentially having a smaller subscription fee) and would be attractive for the
authors, the potential downside being that even though the Article Processing Charge
is being paid for a number of papers, no article is immediately free for the reader (a

6Earlier version of the article.
7There is also a possibility of a community-based publishing process that would be entirely scientist- or

expert-driven and very inexpensive, yet would that be accepted by the scientific community at large? And
what about tenure evaluators, and how well would such a system perform, etc.? [34]

8There is also a possibility of having separately Full Gold Open Access journals and Subscription journals,
and holding the balance and avenues for scientific publications open in that way.

9With inability to access specific articles solved by for example posting preprints on places such as
arXiv.org curated by Cornell University, Research Square, etc., or by shortening embargo period and making
themselves research documents available online, which some journals have done.
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potential consequence; however, it doesn’t have to be the case), but with the embargo
period for an article being shorter than for a subscription-based article.

The third option is typically called Diamond Open Access [37]. In this instance,
the reader can access articles at no charge, while the author publishes the article
at no charge, with the journal and ultimately the publisher financing the publishing
business from other sources, e.g., commercial endeavors, donations, grants, etc. [37]
The challenge here is: why would someone fund this kind of publishing business? This
model seems suitable for libraries, universities, the scientific community, or as a certain
part of a diversified business model. It is also conceivable that there would be instances
where a private company would have an interest in funding a knowledge funnel, so to
speak, perhaps to foster its own innovation.

All three designed and suggested models are competitive and balanced, both within
themselves and compared to each other. Such a state of affairs will, as a consequence,
make freedom and the flourishing of science a reality until, if necessary, other new or
novel models are implemented (while preprint servers can resolve article inaccessibil-
ity), with opportunity and a chance for everybody. This will indeed then be the open
science and the model that is sustainable while working well in the long run.

5 Looking Ahead

The certification service that is being paid for either needs to cost less, or there will be
some tumultuous events in academia, or perhaps nothing that would stop this negative
trend would happen, and we will indeed end up in a world of pay-or-perish.

Out of the mentioned models, the first and third are likely the most appealing, with
this needing to be negotiated in some way; however, as history has shown, publishers
are not exactly easy negotiators, as Donald Knuth himself found out when arguing
price with the largest scientific publisher. [38, 39] Which presents one more reason for
a multifaceted approach to publishing. Following the same vein, publishers will agree
to a model that will ensure thriving, while suggested models of publishing from which
one can choose will ensure that thriving will be the case.

The time is fast approaching, with some publishers10 already announcing that by a
certain time, it seems around the year 2025/2026, they will be completely, and others
perhaps in a large part, 100% Gold Open Access [18, 40]–a consequence of which will
then be, for those Full Gold Open Access journals, exclusivity of science, either pay
the charge, or you will not get published, quite the opposite of the original intent of
the openness of science: Did we open one door just to close another?

As the data in Figure 1 and Figure 2 clearly indicate, backed up by the state of the
art literature review performed thus far, we are on the verge of consequential events11,
and the final goal needs to be modified with an opportunity seized, meritocracy has
to be saved [42].

10Countries are following similar or the same trend [10].
11Another plight in scientific publishing are sham articles [41]; it seems that scientific publishing is being

”attacked” on multiple fronts, and if something isn’t done quickly, integrity together with confidence in
research and results will likely suffer substantially.
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Fig. 2 Open Access (OA) as a Percentage of Subscription Access (SA) Documents by Publication
Year: The last two years obviously do not have a complete dataset. Data was acquired from Scopus,
which is the ”world’s largest abstract and citation database of peer-reviewed research literature” [23].
No filter was set on document type, and as such, this is a complete and up-to-date outlook. This
analysis accompanies Figure 1 and presents a relative perspective for the OA model. From a rather
small percentage of ca. 10%, through the years and an ever-increasing popularity, into the last few
years and an almost even footing with ca. 93% for the year 2021. It seems, however, that some sort
of deadlock has been reached, from which the future might proceed in a similar fashion, or there will
perhaps be a significant change on the horizon. With various possibilities and models at our disposal,
how the future will look is up to us. Documents for the year 2024 are the ones with a planned date.

6 Methodology

This research and the article represent a focused review and bibliometrics on the
current state of, although not exclusively, scientific journal publishing and, more specif-
ically, on the accompanying publishing models. In order to achieve the research goal,
both Google Scholar and the World Wide Web were searched for the most focused
and results-oriented articles dealing with scientific publishing and providing solutions
to its problems.

The priority was given to high-impact sources, sources that are tackling issues in
a direct manner, sources that are of a more recent date, and sources that are bringing
significant new information and insight. This article, however, does not represent an
exhaustive survey of the problem, since the goal is not to bring to light everything said
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about the issue but to narrow in on that literature that will constructively and in a
state-of-the-art manner expound and expand knowledge and progress. Thus, articles
repeating already established information are not necessarily included in the analysis,
as this would overflow the article and diverge from the flow and the tackled issues;
while the search was conducted for English-language articles.

The article, therefore, represents the most recent and state-of-the-art report on,
primarily, scientific journal publishing models, their challenges, consequences, histor-
ical indicators, and immediate solutions to issues raised by the surveyed corpus of
knowledge and our own analysis of the issues.

Supplementary Information. Here we will present a historical overview of the
data for Open Access and Subscription Access documents by publication year. Such an
image will, in the current significant time, present a useful dataset for future research
endeavors and a more insightful outlook on disparate models of scientific publishing
for the current research. A visual representation of the data12 in question is presented
in Figure 3, Figure 4, Figure 5, and Figure 6.

The first analysis, presented in Figure 3, starts from 1865. Even though Scopus
covers records from all the way back to 1788 [43], the data from which one can make
a comparative analysis of Open Access and Subscription Access starts from 1865;
therefore, this is the starting year of the analysis. Open Access is not as young13 as one
might perceive; however, during years past, it was not as prevalent, and Subscription
Access had a substantial lead. Both models of publishing had approximately the same
rate of growth. Then something fascinating happened a year or two before World War
I: in 1914, there was a substantial decrease in the number of published documents by
both models. Open Access seems to have started this decrease earlier, but Subscription
Access followed. Then again, in 1918, when World War I ended, a number of documents
published again started to have an upward trend; however, in 1922, Open Access
suddenly drooped immensely 14, while Subscription Access went into renaissance. Is it
possible that the aftermath of World War I and perturbations on the world stage led
to such a decline in Open Access publishing–a pattern repeated throughout history?

In any case, as seen from Figure 4, after an initial explosion for SA, the growth
was lower but steady, while the OA publishing stayed alive, but approximately on
the same level and far below SA. Then again, in 1939, the year World War II began,
the number of documents published started to decline for both models, with SA this
time taking the brunt of the decline. This state of events lasted until 1944, 1945,
aligning with the end of World War II in 1945, thus marking another era in scientific
publishing. From then onward, SA rose to unseen heights, while OA started its slow

12The reader can either acquire the raw data for this research from the Scopus database by himself, or
he can contact the corresponding author of the article and receive the raw data that way.

13It should be noted that the Scopus database is a live database and that publishers can update the
data. Which means that the further back in time an Open Access entry is, the less likely it is that such a
document was Open Access at the time of publication, as a document might have become Open Access in
the future and a publisher changed a Scopus data entry.

14One could perhaps argue that such a decline in Open Access was caused by copyright laws. However,
copyright laws are far older than the years here in question, starting in England in 1662 with the An Act
for preventing the frequent Abuses in printing seditious treasonable and unlicensed Books and Pamphlets
and for regulating of Printing and Printing Presses [44], and it does not seem that such laws at the time
would produce a change of trend in regard to the state a few years before 1914.
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Fig. 3 Open Access (OA) and Subscription Access (SA) Documents by Publication Year–Part One,
from 1865 to 1924. Data was acquired from Scopus, which is the ”world’s largest abstract and citation
database of peer-reviewed research literature” [23]. No filter was set on document type, and as such,
this is a complete and up-to-date outlook.

but steady incline, as one can observe from Figure 5 15. By the beginning of the 1990s,
the difference between these two models was so vast, and the SA was so dominant,
that any competing comparison was not of a serious nature.

This was not the end, however, and if one looks at Figure 6 OA Publishing was
in for a serious catching up. The OA explosion that started around 1992, 1993, was
carried on the wings of the immense expansion of digital technology and the Internet,
with 1991 being the year when the well-known arXiv curated by Cornell University
was brought into existence [5]. During the last stretch of time, Open Access has had
an ever-increasing growth until the year 2021, with 2022 being of the same nature, and
almost equals SA when this growth is suddenly stopped. SA, on the other hand, shows
a stagnation from the year 2013, with subsequent years fluctuating. For a long time
now, the promotion of OA publishing has been strong, yet as time went by and almost

15A supersized increase in scientific research output that required a transformation of then-subsidized
and deficit-stricken learned publishers and a strong presence of commercial publishers that were able to
transform scientific publishing from a poor investment to a lucrative business. [45]
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three decades of strong OA growth passed, it became evident that such a model has
its own serious flaws and that a change in course is needed. It seems that we came to
such a point of change [46].

The future will perhaps not be Open Access only, but some sort of combination
of models. Subscription access and Open Access models are it seems both here to
stay, but will this status quo remain, or are we to see another contender or even more
contenders? It seems that the future of science will be, in general, more open than
traditional SA would produce and less open than OA would produce, while the price
will most likely not go substantially down, although the one who pays that price might
change.

Figures 3, 4, 5 and 6 represent four periods of time of scientific publishing: ca. 55,
30, 45, and 32 years, respectively, as per each figure period. It seems that every 30 to
50 years there is a change in scientific publishing, and it also seems that this gap is
shortening. We are currently living in a time when one would expect another change.
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Fig. 4 Open Access (OA) and Subscription Access (SA) Documents by Publication Year–Part Two,
from 1917 to 1947. Data was acquired from Scopus, which is the ”world’s largest abstract and citation
database of peer-reviewed research literature” [23]. No filter was set on document type, and as such,
this is a complete and up-to-date outlook.
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As for the number of documents published, the first two periods were in the tens of
thousands, growing, even substantially, but in the same order of magnitude. Since the
end of World War II, publications have skyrocketed into hundreds of thousands, and
the world has seen incredible technological progress. The last period speaks in millions,
and in a somewhat erratic manner at that. The document count being published is
staggering, with many questions that one could inquire, e.g., is the global war-like
state of the world of today responsible for the flat peak of OA and erratic behavior
of SA observed in Figure 6? This saturation of documents, however, might also be an
indication of things to come. When one remembers unrest in Ukraine in the year 2014
and the events that led to the unrest [47, 48], with the current Israel-Hamas war that
began in 2023 [49, 50], by having in mind historical happenings from 1865 until now,
data on the number of documents in Figure 6 is exactly on point. It would therefore
be a valid question of research on a dataset that would allow for such a correlation
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Fig. 5 Open Access (OA) and Subscription Access (SA) Documents by Publication Year–Part Three,
from 1940 to 1993. Data was acquired from Scopus, which is the ”world’s largest abstract and citation
database of peer-reviewed research literature” [23]. No filter was set on document type, and as such,
this is a complete and up-to-date outlook.
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Fig. 6 Open Access (OA) and Subscription Access (SA) Documents by Publication Year–Part Four,
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this is a complete and up-to-date outlook. Documents for the year 2024 are the ones with a planned
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analysis: whether events of significant turmoil, including those rocking the world now,
can be statistically linked to trends in scientific publishing.

If OA does not overshoot SA, it is quite possible that regardless of the changes,
this will be the model that will stay dominant, at least for the foreseeable future. As
models come and go, SA just might be that fixed point that, in combination with
other models, stays on top. And so, that which was meant to be for a transitioning
period, from SA to OA, might just be that what will not be so easily moved aside
and dethroned. Whatever the current situation might be–just a glitch on the horizon
followed by OA dominance, or turn of events and SA comeback, or a ground for some
other development–it seems that we will soon find out.
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