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DEFINITIONS AND ABBREVIATIONS
The following terms are used throughout the thesis and are defined here as they are to
be understood in this context.
Accepted
manuscript

Article manuscript as it is accepted for journal publication
after peer-review, but before copyediting and final layout.

Article processing
charge (APC)

Fee payable by authors to journal for article publication in
some OA journals. Constitutes part of a new business model,
reversing payment from readers to authors.

Creative Commons
(CC)

A range of pre-defined licenses designed to make explicit
rules for sharing and re-use of digital content as simple as
possible. Many OA journals utilize CC licenses for published
articles.

Embargo

Pre-defined time period set by journal publisher for either
making the publisher version (see below) of an article OA or
time period restricting self-archiving of manuscript versions.

Gold open access

Journal-mediated open access publishing, where the journal
publisher makes the publisher version (see below) of a
journal article free to access.

Gratis open access

OA content which is free to access and read, but with limited
rights to reuse and re-distribute. Can be contrasted to the
more permissive Libre open access (see below).

Green open access

Indirect open access to journal articles or manuscript
versions on web locations other than the journal website, also
referred to as self-archiving.

Institutional
repository

Organizational web archive for hosting publications and
publication metadata for works produced by authors
affiliated with the organization. Most content free to access
by anyone.

Libre open access

OA content with well-defined re-distribution and/or re-usage
rights, permitting usage beyond simple access and reading.
Examples of extended use can be e.g. data mining or creation
of derivative works like translations Can be contrasted to the
more restrictive Gratis open access which is restricted to
reading only (see above).

Open access (OA)

In the context of scholarly publishing, open access is a term
widely used to refer to free online access to articles published
in scientific journals.

Open access
mandate

A recommendation that specifies certain OA requirements
for produced publications. Can exist on multiple levels
depending on which body issues the mandate (national,
research funder, institutional). Adherence and enforcement
is not always absolute.

Preprint

Article manuscript as it was submitted for journal publication
and peer-review.

vi

Publisher version

The final published version of an article as provided by the
publisher, usually available in portable document format
(PDF) on the journal website.

Scientific journal

A type of serial. Also known as a learned or scholarly journal,
usually published periodically. Publishes mainly peerreviewed research articles authored by researchers.

Self-archiving

Indirect open access to journal articles or their manuscripts
on web locations other than the journal website, also referred
to as green OA.

Subject repository

Web archive for hosting publications and publication
metadata for publications related to a specific topic or
subject. Are commonly free to access.
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1

INTRODUCTION

1.1.

Background
“By "open access" to this literature, we mean its free availability on the public internet,
permitting any users to read, download, copy, distribute, print, search, or link to the full texts of
these articles, crawl them for indexing, pass them as data to software, or use them for any other
lawful purpose, without financial, legal, or technical barriers other than those inseparable from
gaining access to the internet itself. The only constraint on reproduction and distribution, and
the only role for copyright in this domain, should be to give authors control over the integrity of
their work and the right to be properly acknowledged and cited.”

This widely quoted definition of Open Access (OA) can be found in the declaration of
the Budapest Open Access Initiative (BOAI) meeting in 2001, which was made publicly
available on February 14th 2002 (budapestopenaccessinitiative.org).
Starting from the early 1990s scholarly communication has been provided with new
opportunities for disseminating research with the possibilities enabled by the
widespread adoption of digital document standards and the Internet (Tenopir & King
2000; Lesk 2004; Willinsky, Garnett & Pan Wong 2012). In addition to printed paper
journals publishers could now provide digital versions of journal articles to cater to the
needs of increasingly technologically equipped libraries and scholars. The costs of
printing and mailing paper issues around the world do not apply to digitally
transmitted content, with the marginal cost of serving digital files being negligible once
the file once has been produced and made available.
Even at this early stage the two main paths laid down for increased unrestricted access
to scientific journal articles were distinguishable; one driven by journals, the other
indirectly by authors via self-archiving. These two paths combined are OA in a
nutshell.
Journal-provided OA, so called gold OA, was initially driven by the low costs associated
with setting up and maintaining a website, particularly if it could be done on
institutional servers. Enthusiastic scholars founded online-only journals whose only
presence was a website. Such free enthusiast journals were based on minimal direct
financing, with all key activities being handled by voluntary scholars. First-hand case
studies of such journals are provided in e.g. Solomon (2007) and Cavaleri, Keren,
Ramello & Valli (2009). Later the gold OA movement has experienced additional
growth by established paper-based journals offering free web access, either
complementing or replacing the paper edition. Newly founded journals based around
OA access have gone from being almost exclusively enthusiast efforts towards an
increasing degree of professionalization and commercialization.
Author-provided OA, so called green OA, is more or less a natural extension of the
scholarly exchanges conducted since the first interconnected university networks.
However, instead of being limited to distributing snippets of unformatted text or tables
of contents to a very limited audience, full articles or their earlier manuscript versions
can now be made free to access by anyone with a computing device connected to the
Internet. A basic form of green OA is authors making copies of articles available on
personal websites or institutional repositories dedicated to the uploading and archival
of such publications with appropriate metadata appended. Due to the way scientific
disciplines differ in how journals have become established as a form of communication
within them, so do also the practices that have evolved around indirect article
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distribution. Various technical infrastructures have emerged and become adopted to
facilitate the communication needs within particular research fields. For example
subject-repositories, i.e. freely accessible subject-specific web archives where
researchers can share manuscripts and articles, have gained strong support in research
disciplines such as physics and mathematics, while other disciplines have been slower
to adopt the practice (Kling & McKim 2000). What needs to be considered and
properly acknowledged in the context of green OA are the limitations that journal
publishers set through their author copyright agreements. Most of the larger publishers
have detailed instructions available dictating what version of published articles can be
made freely available, at what point in time, and on what type of web location (Laakso
2014).
Both OA journal publishing and indirect distribution have become more sophisticated
and professional during the last two decades. OA journals are no longer limited to
being enthusiast-driven labors of love. To finance publishing activities, OA journals
have introduced a complete reversal of the dominant business model where financing is
not based on subscription income but rather on per-article payments from authors of
accepted article manuscripts, so called article processing charges (APC). By taking
payment from authors rather than readers, publishers can make the journal articles
openly available on the web. Indirect distribution is today strongly supported by
academic institutions setting up repositories for making scholarly works of affiliated
authors publicly available.
The open access debate
Ideological and technological similarities can be found between OA and other Internetenabled information sharing and collaboration innovations such as open source
software, open data, and open knowledge. However, one important aspect that sets OA
apart from other ‘open initiatives’ is the unique friction towards change created as a
result of commercial, public, and individual interests. The introduction of OA has been
one of transformation; where public policy, business models, as well as the interests
and actions of authors have gradually increased the momentum of the innovation.
During the last two decades there has been an intensifying debate about OA in public
forums. Among the most active and vocal recently, policymakers in the European
Union, the United States, and the United Kingdom have committed to increase the
share of research that is made available OA through various mechanisms (see section
3.3.4 for a closer review of prominent policies). Stirring up an established multi-billion
USD industry with vested interests has understandably been met with both support and
skepticism. Dominant commercial publishers have been lobbying for protection of
existing market positions by downplaying OA as a viable model for scientific publishing
(see e.g. Hearing on Information Policy (2010)). Scientists and researchers have
generally embraced the concept of OA, but not at the cost of losing the right to publish
in any outlet that they deem the best fit for their research and career.
What has been a problem for conducting an informed debate has been the lack of
empirically grounded information about the development of OA. Numerous reports
funded by publishing consortia, public administration, influential research funders,
and scientific societies have been prepared in order to explore aspects of the current OA
landscape. While such reports have been useful in providing insight into the aspects of
interest and importance to the funding stakeholder, such reports have not always
provided a balanced perspective of the status of the phenomenon.
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For effective decision-making and monitoring of any potential action to be possible
there has been, and still is, a need for rigorous measurements and empirical data in
order to conduct a well-informed debate on the topic.
1.2.

Purpose of the thesis

The purpose of this thesis is to explore, measure, and analyze the uptake of OA in the
context of scientific journal publishing. The aim is to enhance the knowledge about the
extent of OA content based on empirical data covering both journal-mediated (gold
OA) and indirect mechanisms (green OA) so that the historical development, current
situation, and future potential can be better understood. A secondary aim is to
simultaneously develop OA measurement methods that are both accurate enough in
terms of measurement precision and cost-effective enough in terms of resources
needed.
Delimitations
OA can as an ideology and concept be applied to a multitude of contexts related to
publishing and distribution of digital scholarly content. However, this study is limited
to studying OA in the context of scientific journals. Thus other types of scholarly
content and literature such as books, monographs, and research data are excluded from
the scope.
OA advocate Peter Suber identifies two access barriers which OA aims to remove: Price
and copyright (Suber 2012). This thesis does not provide measurement or discussion
for rights or licensing nuances that go beyond granting readers free access to a full-text
version of the article or its manuscript. As such the definition of OA used in this thesis
is more relaxed than the one given in the BOAI declaration quoted earlier. While socalled Libre OA provides transparent and flexible rights for using and re-using the
published content, Gratis OA caters to the usage patterns and purposes established by
researchers since the dawn of scholarly publishing. As long as an article can be freely
accessed and cited it is considered OA for the purposes of this thesis. Gold OA articles
are generally Libre OA with well-specified reuse and data mining rights, while green
OA copies are usually restricted by publisher copyright or have unspecified rights and
thus are limited to reading only, i.e. Gratis OA.
As the methodology descriptions will detail further, the articles part of this thesis
attempt to provide as representative projections of the scientific journal publishing
space as possible with the help of bibliographic indexes and integration of manually
collected data. However, despite efforts made to compile as representative samples as
possible there are relevant journals and articles which are not included in aggregated
indexes for one reason or another. As explorative data collection was outside of the
scope of most studies in this thesis most of the core data originates from existing
indexes, with the strengths and limitations that come with conducting analysis upon
existing data sources.
Despite being a relatively young area of research, much has been written about OA
during the last two decades, in both journals and so-called “grey literature” spawned as
part of the ongoing OA debate described earlier. The aspects of OA and literature
reviewed within this thesis summary are intended to be brief and relevant to
understanding the empirical studies; for an exhaustive listing of literature please
consult the actively curated OA bibliography by Bailey (2010).
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Purposes of the articles
This thesis is made up of five articles, each contributing towards the main purpose of
the thesis. Below the individual purposes of the articles are outlined together with
descriptions of how each article contributes towards the main purpose of the thesis.
The purpose of article one, Open access to the scientific journal literature:
Situation 2009, is to provide measurement for the proportion of journal literature
published in 2008 for which an OA copy can be located on the web. The study
documents a new methodology for studying OA, including data collection of web
observations. Furthermore, the study provides detailed results about OA prevalence for
different varieties of gold and green OA across nine scientific disciplines.
The purpose of article two, The development of open access journal publishing
from 1993 to 2009, is to measure the longitudinal development in the number of OA
journals articles published for the years 1993 to 2009. Most previous studies have only
measured OA publishing volumes for one specific year at a time, often with custom
methodologies making meta-studies or comparisons impossible. The study utilizes a
consistent and transparent methodology to measure the development of OA publishing
from the initial phases of adoption.
The purpose of article three, Anatomy of open access publishing: a study of
longitudinal development and internal structure, is to to provide an updated
longitudinal volume analysis of OA journals and articles by including the years 2010
and 2011 in the analysis. This implies an expanded population since hundreds of OA
journals are newly registered every year. The business models of OA publishing are
explored by measuring the amount of journals that fund their activities through APCs.
The purpose of article four, Delayed open access: An overlooked high impact
category of openly available scientific literature, is to provide comprehensive
measurement for the amount of subscription journals that publish their article content
OA with a delay. This OA mechanism has been largely overlooked in previous studies
and little is known about the charachteristics of this type of OA. In addition to creating
an aggregate listing of such journals, of particular emphasis in the analysis are factors
such as publication volumes in terms of journals and articles, embargo lengths, and
citation rates.
The purpose of article five, Green open access policies of scholarly journal
publishers: a study of what, when, and where self-archiving is allowed, is to
study the degree to which scientific journal articles published in subscription-based
journals could be provided OA through publisher-permitted uploading to freely
accessible web locations. Focus is on studying what type of article manuscripts are
allowed to be made available at what type of web locations, and the length of potential
embargos restricting upload.
Figure 1 visualizes how each article purpose is placed into the larger context of studying
OA uptake. Together the purposes of the individual articles contribute to the main
purpose of the thesis. Article 1 includes all varieties of OA in its scope, i.e. both gold OA
and green OA, while the rest of the articles are focused on either domain exclusively
(articles 2, 3 & 4 on gold OA and article 5 on green OA).
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Gold Open Access

Green Open Access

Article 1
What share of journal articles published in 2008
were available as OA in 2009?
Article 2
How has the volume of journal
articles published in OA journals
developed during 1993-2009?

Article 5
To what degree do subscription
journal publishers support green OA
in their official policies?

Article 3
How has the volume of journal
articles published in OA journals
developed during 2000-2011? What
share of this is supported by article
processing charges?
Article 4
How many journals make their
articles available as delayed OA?


Figure 1 Purposes of the five articles

These articles should also be put into a broader context of other empirical articles
concerning slightly different OA aspects from the research group which the author has
been active in (e.g. Solomon & Björk 2012a; Solomon & Björk 2012b; Björk 2013).
1.3.

Structure of the thesis

In chapter two the context of scientific journal publishing is described. To facilitate a
deeper understanding of OA it is important that a review of history, stakeholders,
business models, and industry metrics are provided, as well as observing journals from
the perspective of products and service providers.
Chapter three is dedicated to a summary of open access in the context of scientific
journal publishing. A review of history, open access mechanisms, benefits, business
models, copyright & licensing, and policy relevance are laid out building upon the
foundation laid in the previous chapter.
Chapter four covers methodological aspects of the conducted studies. As the studies are
to a large extent built upon different research designs and data sources this chapter
aims to make interpretation of the studies as straightforward as possible. This is done
by first providing a general description of the research designs used and how they relate
to each other and to studying OA. Then the various data sources used across the studies
are reviewed, and finally, the specific research design of each study is described.
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Chapter five provides individual article summaries for each of the five articles included
in the thesis, and contextualizes the studies to the overall purpose of the thesis.
Concluding the main part of the thesis is chapter six which highlights the overall
proposed contribution of the thesis. The chapter includes a discussion of the overall
contribution to practice and research, as well as provides a critical view of the thesis,
looking specifically at limitations as well as avenues for further research.
The five articles are provided in Appendix 1.
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2

THE SCIENTIFIC JOURNAL PUBLISHING CONTEXT

2.1.

Introduction

Journal publishing has long been the main mechanism for disseminating research
results and communicating scientific advances. The history and origins of academic
journal publishing stem from a system established and formed by scholars to serve the
needs of scholars. What is widely considered to be the first journal dedicated to science
was Philosophical Transactions of the Royal Society, the publishing of which was
initiated by The Royal Society in 1665 (Oldenburg 1665). Thus 350 years have soon
passed since the concept of a scientific journal emerged. Since then, and particularly
since the end of World War II, the practices of peer-review and journal publishing have
become increasingly established and professional (Burnham 1990; Vickery 1999).
An effective way to convey what scientific journal publishing is, and the role it plays for
scientific communication, is to consider how research findings and scientific advances
would be communicated without the existence of journals. Assuming the medium
would have to be paper-based, private letters or books are the most closely residing
options for written communication. John Willinsky (2005:194) provides the following
description of the early days of journal publishing:
“[…] the Philosophical Transactions provided, in effect, a middle ground for the circulation of
scientific ideas between the prevailing scientific genres of published book and private letter. The
journal offered something of the book’s public and formal declaration of knowledge, matched by
the far more immediate, dialogic, and tentative nature of the private letter.”

Books have relatively high printing cost with associated inventory risk for the
publisher, slow speed of publication, and weak capability to disseminate research as
libraries and individuals have to make purchasing decisions separately for each
individual publication. The decision to print a specific book is also made taking into
account the expected publisher revenues, which would make printing and publishing a
business decision as much as a scholarly one. Through this contrasting example it is
perhaps easier to grasp why the need for a more responsive, streamlined, and costeffective publication infrastructure for dissemination of scientific advances has
emerged.
The journal publishing process is based on the notion that article manuscripts authored
by researchers are submitted for publication after which the manuscript is subjected to
peer-review facilitated by editors of the journal, which is performed by other
anonymous researchers within the same field. Should an article be deemed to be within
the topical scope of the journal and be of acceptable quality for publication it gets
published in a periodical issue of a journal. Subscribers of journals, commonly libraries
but also institutions and individuals, receive printed issues of journals containing the
published articles. Journals provide quality control as well as a targeted outlet where
researchers can make their findings seen by other researchers in their own field and
beyond.
Though variations in practice exist between disciplines, scientific journal articles
generally adhere to the well-established IMRAD content structure (Introduction,
Methods, Results, and Discussion) (Sollaci & Pereira 2004). Having the writing set up
according to a standard format facilitates communication according to a predictable
structure as readers can immediately focus on the content or isolated parts of it.
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Though journal publishing has established itself as the key channel for formal scientific
communication within most research fields, not least because of its importance in
research evaluation and university financing schemes, its relative placement among
other publication types and communication mediums varies depending on the field.
For example books and monographs have advantages in allowing more descriptive
elaborations than shorter journals articles. While also short in format, conference
papers and working papers have the benefit of potentially being more rapid to publicize
than what processing through a journal peer-review and publishing pipeline commonly
entails. Thus the internal values and practices within a research field influence the role
of journal publishing within that specific field.
Recent history has shown that media content industries, e.g. books, magazines, music
and movies, usually take some time to figure out and adopt business models based on
revolutionary new technologies such as web-based digital distribution. For scientific
journals the shift from paper to digital has opened up a whole new world of possibilities
for business and dissemination. However, the actual influence this has had on
established journals has been gradual and in some respects not a shift at all, with
digital copies of journals issues simply being a complementary way to read the journal.
2.2. Main functions of journals in scientific communication
In order to understand the role scientific journals play in scientific communication it is
important to lay out the fundamental reasons for the existence. Tenopir & King
(2000:95) describe the primary role the scholarly journal system plays in science as
“[…] communicating new, edited, and peer-reviewed scientific information to an unlimited
audience beyond an author’s primary or immediate community.”

Kircz & Roosendaal (1996) distinguish between four main functions of scientific
communication, all of which are facilitated by journal publishing:

Certification. In order for scientific communication to be effective there needs to be
functions facilitating validation of research quality, adherence to scientific standards,
and assessment of the overall contribution to knowledge for a specific piece of research.
Without such mechanisms every reader would in practice have to evaluate those
aspects individually. While not a perfect mechanism, the peer-review practice unique to
journals has been designed to implement assessment of research quality and integrity
by having domain experts thoroughly assess the article manuscript prior to considering
its eligibility for publication in a journal. The thoroughness of the review, emphasis
placed on evaluating various aspects of the research, and the overall threshold for a
manuscript to be accepted for publication varies heavily across journals. However,
among researchers within a specific research field the journal quality hierarchy is well
known and understood; some journals are less selective in what they publish while
getting published in other journals is considered a substantial career milestones for the
authors.
Registration. An important function that journals provide is the registration of who
has done what and when. By having an article published in a journal the research and
its results are publicly attributable to particular individuals and a specific point in time
is fixed for when the article was first made publicly available. Such a function facilitates
ownership protection as the article records together with the journal records
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transparently convey when a specific discovery was first made. A functioning and
widely-accepted registration function makes it possible to build academic reward
systems around journal publication merits.

Awareness. Prior to digitally distributed journals and articles the measure of a
journals capability to facilitate awareness was the size of its circulation and readership.
Disregarding the quantitative metrics for awareness, the fact that journals often limit
themselves to publishing research within specific research areas means that they
connect researchers with similar research interests. A specific topical focus establishes
a journal as an important source of scientific communication with the specific
researcher community. This is also a reason for why journal subscriptions exist; there is
the expectation that a specific journal will provide relevant content in accordance to
with quality expectations in the future as well.
Archival. In order for science to advance effectively there needs be not only the
registration of findings but also mechanisms supporting persistent archival. On the
scale of individual published articles the archival function is facilitated by an article
being considered a permanent record that cannot be edited; it can only be added to by
the journal publishing a corrigendum or errata. On the scale of journals and practical
aspects of archival it is primarily up to the journal publisher to provide some means of
accessing past journal issues. Scientific journals are also commonly included in the
coverage of national libraries and depository libraries.
2.3. Stakeholders
In order to provide a structured overview of the industry this section describes the key
stakeholders, the relationships between them, and the roles each stakeholder plays in
the context of scientific journal publishing. The analysis is informed mainly by the
process model for scientific communication by Hurd (2004), Björk (2007) as well as
Chapter 3 “The scientific communication system” in Owen (2005) that reviews and
contrasts multiple perspectives of the publication process and value-chain.

Researchers. Create and provide the content that is published in scientific journals.
Researchers are commonly affiliated with one or several academic institutions.
Research activities either funded by salary-based compensation from an academic
institution, and/or grants from research funders (see below). Researchers curate the
content that is published in scientific journals through editorial processes and peerreview. Simultaneously they are also the primary audience and consumers of content
published in scientific journals.
Readers inside academia. Have a need to access content published scientific
journals, however, are not primarily contributing to the content published within them.
This includes undergraduate students and post-graduates who require access for
supporting their studies but rarely publish research in the journals themselves. Faculty
members who are reading outside of their own discipline could also be argued to be
part of this stakeholder group.
Academic institutions. Organizations of higher education primarily focus on two
areas with varying emphasis: Teaching and research. Academic institutions enroll
students into various educational programs and award academic degrees upon
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successful completion. Academic institutions employ individual researchers at various
stages of their careers, from research assistants to tenured professors. Management of
journal subscriptions and literature procurement is often handled through a separate
library function. Such institutions are evaluated by e.g. public funders based on their
scientific publishing output.

Research funders. Finance the research of individual researchers or research
projects through various mechanisms including grants, salaries and other forms of
monetary compensation. Awarding of funding is commonly based on competitive
evaluation of research proposals. Research funders come in many shapes and sizes,
ranging from small private foundations to large national programs managing the
distribution of public funds. Examples of research funders are the National Institute of
Health (NIH) in the United States (public funder) and Wellcome Trust in the United
Kingdom (private funder).
Publishers. Operate and own journal titles; whether a large or small journal each
journal has a publisher. Publishers can be multinational publicly listed corporations
managing portfolios of thousands of journals or a single individual researcher
responsible for one journal. Various categorizations of publishers have been suggested
in the literature, one provided by Laakso & Björk (2012) identified six major groups:
Commercial; Scientific Society or Professional Association; Professional NonCommercial; University, University Department, Research Institute; University Press;
Individual Scientist or Group of Scientists.
Higher-education libraries. University libraries are the primary paying customers
for journal subscriptions, providing library patrons (e.g. individual researchers,
students) access to subscription-based journal content. In the past libraries were
primarily concerned with purchasing, management, and archival of physical sources of
literature which were fully owned by the library once bought. Following the transition
from journals as products to journals as services (Ball 2004), a major role of libraries
today is comprised of management of licenses for various different digital databases.
The negotiations of such licenses are in some cases handled by a consortium of multiple
libraries.
Readers outside academia. Not all prospective readers, practitioners or
professional researchers are affiliated with universities and thus have limited access to
journal subscriptions. Finch (2012) identifies key actors that have a strong interest in
accessing journal articles, but who are often faced with limited access to such
resources: Health practitioners, researchers and knowledge workers at government
departments, R&D intensive companies, the voluntary sector, as well as members of the
general public. A recent web-survey conducted in the UK studied the experiences in
journal article retrieval patterns among academically affiliated researchers and
respondents from industry and commerce, highlighting that interested readers from
the private sector often give up on their retrieval attempts due to not gaining access to
any version of a wanted article (JISC, PRC & RIN 2011).
After these descriptions it might not be entirely clear why funding is provided to
conduct research and who the results of research should belong to. Highlighting the
important non-profit and public aspects of research funding, Peter Suber provides the
following explanation:
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“Universities and funding agencies pay researchers to make their research into gifts to the public
in the widest sense. Public and private funding agencies are essentially public and private
charities, funding research they regard as useful or beneficial. Universities have a public purpose
as well, even when they are private institutions. We support the public institutions with public
funds, and we support the private ones with tax exemptions for their property and tax
deductions for their donors.” (Suber 2012:14)

What this line of reasoning boils down to is that research is to a large extent funded and
conducted by stakeholders who do not expect direct monetary income from the
research that they fund. Starting from the period of around World War II scientific
societies started outsourcing their journal publishing activities to the private sector.
Journal publishing is now to a large extent a commercial business through which access
to the publications resulting from the funded research is sold at a for-profit premium.
2.4. Business models
This section describes the most common business models for conventional,
subscription-based journals. As is further elaborated on in the individual descriptions
the income sources are not mutually exclusive and many publishers combine several.

Journal subscriptions. The standard transactional unit and the cornerstone of
scientific journal publishing since its inception centuries ago. Based on the concept that
an organization or individual pays a periodical (often annual) fee in order to obtain
access to entire journal issues as they are published. Can be handled through mailing of
paper issues and/or access to new and old digital versions of articles on the web. The
subscription price charged by journal publishers is not tied to the number of articles
published per year nor the amount of use.
Publisher “big deals”. As some publishers have portfolios spanning thousands of
journals, it has become increasingly common to sell multiple subscriptions as bundles
at a discounted price compared to the price of subscribing to a handful of individual key
titles. While bundling could occur in the paper-only past to generate additional sales
and circulation, it is the growth of digital web access to journals that has inflated the
concept to new proportions. Offering access to large parts of the publisher journal
portfolio at a heavily discounted price compared to individual journal subscriptions is
way for publishers to both maximize the income from a specific customer as well as
gain exposure for its less popular journals. The cost involved for publishers to provide
online-only access to additional journals once institutional access is set up is marginal.
The pricing structure for large publishers has been criticized for being too aggressively
in favor of bundle pricing, where the price for subscribing to tens of essential journals
can be equal to obtaining access to hundreds if bought as part of a big deal (Frazier
2001). From the perspective of managing a limited library budget it makes sense to
favor large additional coverage instead of handpicking essential titles for roughly the
same price, so there are potential benefits from subscription bundling for all parties
involved. However, the practice can make it hard for smaller publishers to obtain
subscriptions for their titles when budgets are consumed by big deals that offer
aggressive pricing with only minimal discounts for dropping individual titles from a
subscription bundle (Edlin & Rubinfeld 2004; Gibbs 2005).
Pay-per-view. In addition to selling subscriptions to the full journal output most
journals offer access to content through various pay-per-view models. Pay-per-view is
an article-based economic model as opposed to a journal-title based like journal
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subscriptions and published big deals. The most common is the purchase of perpetual
access to an individual article that can then be downloaded as a PDF. The price range
has established itself at around USD 30$ for individual article purchases. Research
suggest that prospective readers generally consider the pricing of individual articles to
be too high and abandon their intentions to access an article altogether if payment
remains the only access option (JISC, PRC, RIN 2011). Trying out new methods of
pay-per-view at lower price-points, some publishers offer rental services for temporary
access to content, usually through browser-only reading or download of DRM enabled
files. Publishers either handle the process through their own website or through a
common third-party platform e.g. Deepdyve (deepdyve.com) which has established
partnerships with several major publishers.
An extension of the pay-per-view concept is Patron-Driven Acquisition (PDA), which
adapts pay-per-view from primarily individual procurement to catering to needs of
institutional access. Rather than purchasing complete access to full catalogues of
journals or publisher output, access is purchased only to the content that users request
access to on-demand, with the purchasing process being hidden from the user. This
arrangement requires technical solutions that support the process as well as
arrangements with publishers to determine pricing and the extent of content visibility
to users. Budget and access thresholds can be set to trigger permanent access to
individual pieces of content. The model has become popular among e-book providers
but has as of yet not become a mainstream model for institutional journal access.
(Polanka & Delquié 2011) Depending on the pricing models of publishers and
bargaining power of libraries, PDA might become a relevant per-article pricing model
for libraries not satisfied with big deal arrangements.
This concludes the listing of conventional business models for subscription-based
journals. The internet has enabled new types of business models to be introduced
where payment is not required from the side of the reader, but rather as a one time perarticle fee from authors, their institutions or research funders. Descriptions of different
OA business models is provided in section 3.6.
2.5. Industry metrics
Journal publishing is a core part of the academic publishing industry. What might
come as a surprise to some is that the exact number of publishers, journals, and articles
published each year is not easily obtainable from any single source. This section
attempts to collect the most comprehensive figures available which requires extraction
of data from multiple sources.

Journals. What is currently regarded as one of the most comprehensive total journal
title counts can be extracted from Ulrichsweb (ulrichsweb.com). With information
covering over 300,000 titles (June 2013) Ulrichsweb can be argued to be the most
inclusive and comprehensive bibliographic database by the number of periodicals (or
serials) included in it. However, a large part of the included titles are not peer-reviewed
scholarly journals but includes among other types magazines, newspapers, and
newsletters. Ulrichswebs advanced search facility was queried with the following
parameters: [Active, Journal, Academic/Scholarly, Refereed/Peer-reviewed] and
filtering to only “Primary Editions” to remove duplicates. As of August 24 2013 this
search resulted in 29 016 journal titles, a figure which includes journals with either an
online or print journal in any language. Historically the number of journals has been
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growing at a relatively steady rate averaging around 3.46% annually during the last
three centuries, with only a notable increase in growth during 1944–1978 (Mabe 2003).
It warrants mentioning that Ulrichsweb, and most other bibliographic databases hosted
in the west, might not comprehensively be indexing non-English language publications.
Of particular concern with regards to potential recent growth in publication volume,
journals published in national languages of BRIC countries which might not be fully
accounted for in the above figures (Wagner & Wong 2012).

Publishers. Extracting the number of publishers from Ulrichsweb is not as
straightforward as obtaining the number of journal titles and would require full access
to the underlying dataset to validate disambiguation and get a total count for unique
entries. Morris (2007) gained access to Ulrichsweb data during early 2007 and
reported a total active publisher figure of 9883. Frantsvåg (2010) reported figures from
a dataset purchased from Ulrichsweb in February 2010, extracting a figure of 9970
publishers from the provided dataset, hence it can be estimated that the figure is
currently slightly above 10 000.
What needs to be highlighted regarding publishers are the discrepancies with regards
to size, economic status, and geographic distribution. Through analysis of the
Ulrichsweb data from 2007, Morris (2007) found that 80.5% of publishers publish 10
or fewer journals: Only 2% (11) published more than 100 titles, together accounting for
81.1% of all journals. Through a keyword search in the Ulrichsweb publisher data
Morris (2007) estimated that over half of all journals (54.7%) were owned or sponsored
by non-profit organizations, suggesting that the long tail of smaller publishers is largely
made up of such organizations. With regards to geographical distribution Morris
(2007) discovered that over half of all journals (52.9%) were published either in the
United States or the United Kingdom.

Articles. Ulrichsweb does not include article output for the titles included in the
index, thus an exact volume for all articles cannot be pinned down as comprehensively
as the number of journals and publishers. Scopus is the largest bibliographic index for
journals that contains such volume information for all journals in the index. As of July
31 2013 a search [Publication year 2012, articles + reviews, journals] garnered 1 739
845 article hits (scopus.com), published across 19 975 journals [Active, journal,
publishing in 2012) (info.sciverse.com1). As the number of active journals identified in
Ulrichsweb was around 29 000 at around the same time period, i.e. 45%, more, the
total number of journal articles published could theoretically be as high as 2.5 million if
generalizing average article counts between journals within and outside Scopus.
Observing the historical development with regards to articles published annually the
growth during the last three centuries has been estimated at around 3%, so slightly
lower than the increase in the number of journal titles (Ware & Mabe 2012). In a metastudy of research reporting annual article output Jinha (2010) estimated that a total of
over 50 million journal articles had been published between the years 1665 and 2009.

Financial aspects. Commercial interests were not a prominent driving force in
creating and shaping the scientific journal landscape; publishing activities were
something scientific societies did in order to facilitate scientific communication within
and outside of specific scholarly communities. However, during the last century journal
publishing has grown rapidly both by the number of journals and articles as well as the
number of authors, which has lead to journal publishing now being a multi-billion USD
industry (Ware & Mabe 2012). Through this growth, which has spurred many mergers
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and acquisitions (McCabe 2002; Robertson 2002; ulib.niu.edu), large publicly traded
companies currently dominate the scientific publishing industry. According to figures
based on output for the year 2010, 68% of all articles and 49% of all journals included
in the Scopus bibliographic index are operated by 100 publishers, which is less than 2%
of all journal publishers (Laakso 2014). The publisher space includes a few publishing
giants as well as many journal publishers that only publish single journals. There are
advantages of scale which help explain the skewed industry landscape. Workflow
management, as well as marketing and subscription management are some of the areas
where larger quantities are beneficial to offset fixed costs. Driven by this unique
industry landscape and increasing subscription prices, the economic aspects of the
industry have become a point of debate and research (e.g. Parks 2002; Edlin &
Rubinfeld 2004; McGuigan & Russell 2008; Beverungen, Bohm & Land 2012).
An important aspect unique to scientific journal publishing, which can be attributed to
many aspects of the current competitive industry space, is the importance of prestige in
journal titles, which makes journals commodities without any direct substitutes. This is
one reason why journal publishers have been able to increase prices at a rate which has
garnered plenty of critique; the phenomenon has been referred to as the “serials crisis”
(McGuigan & Russell 2008). The time it takes to build up a solid reputation makes it
hard for new journals to become established outlets and attract high-quality articles to
publish. This challenge for successful market entry and journal growth is further
heightened by the heavy emphasis academics and academic institutions place on
getting published in journals highly rated in the Journal Citation Reports (JCR), a paid
for service by Thomson Reuters which provides citation-based metrics for an exclusive
selection of journals.
A Morgan Stanley industry report from 2002 declared the scientific journal publishing
industry to have been the fastest growing media sub-section of the past 15 years
(Gooden 2002). Going by the journal and article volume quoted above the aggressive
growth rate has been sustained in the decade since the report was published. Ware &
Mabe (2012) estimate that the annual revenues generated by English-language journals
in the Science, Technology, and Medical (STM) fields amounted to USD $9.4 billion for
the year 2011, a figure which excludes a large proportion of journals (e.g. social
sciences, arts and humanities, non-English journals) but is regardless the most up-todate public estimate to go by.
As can be expected by the large differences in organizational background and number
of titles operated by journal publishers, there are substantial differences when it comes
to economic aspects across the publisher landscape. The majority of publishers, those
publishing 1-2 journals each, can be assumed to be operating on low levels of profits
due to lack of economies of scale and bargaining power when it comes to selling
bundles of subscriptions to libraries. However, the increasing prices and profit margins
of a handful of commercial publishers, responsible for most of the article output, have
been a focal point in descriptions of the current structure of the industry.
Monopoly or oligopoly are words which appear in many descriptions of the journal
publishing industry, referring to the powerful market positions the large commercial
publishers have acquired. Though it is often hard to isolate the journal publishing
functions from publicly available financial reporting of multinational corporations, the
operating profit margins have often been quoted to be in the range of 30% to 40% for
journals in the STM fields (McGuigan et al 2008; Harvie et al 2012). There is further
evidence that suggests that journal publishers have substantial market power as
providers of non-substitutable goods, placing them in a position to extract surplus
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profit from the inelastic demand that such monopolistic competition enables. In a
study encompassing 2630 of the most highly cited journals in 22 scientific disciplines
according to the 2003 JCR, Dewatripont et al (2007) found that journals published by
commercial publishers are in general about three times as expensive as journals
published by scientific societies (adjusted for journal citations received, age, language,
number of articles, and field). The authors point out that while it could be expected that
a higher number of citations received by a journal would equal higher circulation, and
thus lower per-copy costs for the publisher, the effect was found to be inverse with
citations received having a positive effect on journal pricing. Average journal prices
between disciplines were also found to fluctuate widely, with differences being partly
explained by increased average prices being related to larger within-discipline
publisher market shares both in terms of journal titles and number of citations.
2.6. Journals as products and service providers
With the wealth of journals available on the market academic authors are faced with
many alternatives regarding publication outlet. The selection criteria authors apply
when selecting the journal to which submit their work appear to be fairly similar across
most research disciplines, an aspect argued for in a recent review study (Knight &
Steinbach 2008). The authors found that potential research impact, timely
acceptance, and philosophical and ethical considerations were common selection
criteria. The literature review highlights the trade-off that is made between maximizing
research impact and the probability of getting a manuscript accepted for publishing.
The results of one particular study not part of the aforementioned review are
worthwhile to examine in closer detail. In a large-scale web-survey among
corresponding authors of articles indexed in the Thomson Reuters Web of Knowledge
(WoK), “Reaching the right kind of reader” was rated the highest of the factors
influencing choice of journal to publish in (Rowlands, Nicholas, Huntington
2004:263). All ranking above an average score of 3 out of 4 were factors such as
“Coverage by abstracting & indexing services”, “Impact factor”, “Editorial board”, “Eversion available”, “Size of readership”, Speed of refereeing”, and “Hard copy
available”. Notably lower were the two factors on the tail end, “Easy to get into” and
“Journal price” which both scored just below 2.5 out of 4. The results have many
similarities to those of Knight & Steinbach’s (2008) review study but even further
highlight both the importance of research impact and the indifference of authors
towards journal pricing for readers. Closer elaboration of the three main criteria
identified in Knight & Steinbach (2008) are provided in the remainder of this section.

Predicted impact. Though journals can be topically identical, prestige, heritage, and
impact factor makes comparisons often analog to apples and oranges comparisons
(“mini-monopolies” (Suber 2012:39)). For researchers where something they have
authored has been published has traditionally been at least as important for career
advancement as what they actually wrote about.
In the past, circulation size has been mentioned as a proxy metric for gauging journal
quality and capability to disseminate research results to a broad audience (e.g. Brorsen
1987; Klinger et al 2005, as cited in Knight & Steinbach 2008). In the age of electronic
publishing that aspect is not as relevant when articles are increasingly accessed digitally
and thus individually without browsing through complete journal volumes. This change
in literature usage patterns has contributed to a larger questioning of the focus that is
currently placed on the journal-level Thomson-Reuters produced Journal Impact
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Factors when it comes to evaluating the research output of individual authors (Taylor,
Perakakis & Trachana 2008; Lozano, Lavriere & Gingras 2012). Nevertheless, journal
impact factors will continue to be the central metric for comparing relative journal
quality for the foreseeable future.
Journals have not been slow to integrate social media and interactive web features for
articles on their websites. Article-level metrics for the number of views, downloads, and
citations are already implemented on many journal websites. Introducing interactive
and innovative web functionality has been a way to differentiate from the competition.
Other supplemental features enabled by the web include extensive appendixes, data
attachments, and in some cases even viewing correspondence exchanged during the
stages of peer-review (see e.g. recent articles published in BMC Medicine). Web
services have been developed that aggregate social media mentions and other online
activity for any recent journal article independent of journal, as long as the article has a
Digital Object Identifier (DOI) (altmetric.com). The term altmetrics has been coined to
describe these new types of impact measures which go beyond basic citation counting,
providing both a fuller and much faster metric of article use (Priem, Piwowar &
Hemminger 2012). While not threatening journal-level impact factors as the de-facto
measure of publication quality any time soon, altmetrics at least provide an additional
way for research impact to be gauged on the articles individual merits rather than
simply through prestige-by-association.

Timely acceptance. This factor comprises two aspects: the likelihood of acceptance,
and the delay from submission to publication.
The likelihood of acceptance is something that is hard to gauge in advance; the quality
and style of the of the manuscript, its topical fit and scientific contribution all play a
part in the process of editorial decision-making and peer-review. Low acceptance rates
are often seen as a prestige-increasing factor, which also means that high-quality
journals turn down a lot of manuscripts at various stages of the review processes
(Brorsen 1987; Klinger et al 2005, as cited in Knight & Steinbach 2008). Researching
the preferences of potential journals can save time in narrowing down the most high
impact journal which is likely to accept one’s manuscript.
Publication delays vary across research disciplines. The average time from submission
to publication was recently found to be the shortest in STM fields and the longest in
fields of social science, arts/humanities and business/economics (Björk & Solomon
2013). The discipline with the shortest average delay was chemistry with a 9-month
average delay, which was only half of the average delay of the longest,
business/economics, which had a delay of 18 months. One of the few ways journals can
differentiate and compete outside of impact, which is hard for the journal to
independently control on the short-term, is the promise of service quality and speed.

Philosophical and ethical considerations. These are aspects influencing the
selection process but are not as easily quantifiable or generalizable as the previous two
factors. Drawing upon Suber (2002), Knight & Steinbach (2008) highlight that OA, and
intellectual property/copyright issues are aspects that have been noted to steer the
journal selection process outside of timeliness and predicted impact. This author would
argue that the relationship between OA and journal selection is more complex and
integral variable than simply an external factor to the tradeoff between timeliness and
impact, nevertheless, these aspects will be dealt with in detail in the next chapter which
is dedicated to OA.
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2.7.

Summary

Digital distribution of journals has been a disruptive innovation for scientific
communication. While there is a lot of inertia in the journal publishing space due to
tradition and established practices, the transition to digital distribution was remarkably
fast once the necessary technologies became available. Compared to how other media
industries struggled to establish distribution channels and business models for digital
content, like the movie and music industries, journal web access was promptly
introduced as a complementary access channel to paper editions. Journals without any
online presence have been a rare occurrence for at least the past decade.
For large established journal publishers web access enabled new business opportunities
for subscription bundling and pay-per-view, with a seemingly limited immediate
financial downside as the innovation was introduced as a bolt-on to the existing
subscription-based business model instead of introducing any radical change to its
basic principles. Web access provided an incentive for publishers to make IT
investments into developing proprietary editorial management software platforms for
their journals to facilitate and automate the complete publishing workflow from
submission to publication. The low costs involved in setting up a journal website
removed the burden of printing and distributing paper issues to subscribers, thus
enabling new journals and publishers easier entry into the journal publishing space.
However, not everyone shared an identical vision for how web access to journal articles
should be leveraged. Scholars had been given the keys to new distribution mechanisms
for their written works, enabling unrestricted dissemination and scholarly
communication (Harnad 1990). It was from this direction that the notion of OA started
to take form and grow, not by the dominant commercial players in a top-down fashion
but rather bottom-up by the scholarly community. The following chapter will describe
this development.
“An old tradition and a new technology have converged to make possible an unprecedented
public good.” (budapestopenaccessinitiative.org).
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3

OPEN ACCESS

3.1.

Introduction
“Open access (OA) literature is digital, online, free of charge, and free of most copyright and
licensing restrictions.” (Suber, 2012:4)

These are the words OA advocate Peter Suber uses to succinctly describe what OA is in
his seminal book “Open Access”. There is no authoritative definition of what OA is,
however, the common notion across all prominent definitions is providing readers free
access to full-text versions of journal articles (Willinsky 2005; Suber 2012).
The previous chapter dealt with the overall context of scientific journal publishing,
purposefully leaving out aspects related to OA since the rest of the thesis from this
chapter onwards is dedicated to the subject more or less exclusively. While it could be
argued that OA today is an integral part of journal publishing, it is also important to
properly highlight the important past and current context of journal publishing prior to
initiating an analysis of the relatively recent innovation that OA is to journal
publications.
As foreshadowed in the previous chapter digital distribution of scientific journals was
the impetus for a revolution with regards to the way access to articles could be provided
(Tenopir & King 2000). For publishers it changed the way journal subscriptions could
be sold and subscriptions filled. For readers and authors this new channel to browse,
retrieve, read, cite, and store journal literature introduced an increased potential for
increased speed and responsiveness in the research process. The availability of digital
access to journals has also influenced the patterns for seeking and reading content
published in scientific journals. The average number of articles read annually per
science faculty member has continued to increase since the 1970s, however, the average
time spent on each read article has been decreasing (Tenopir & King 2000; Tenopir,
Volentine & King 2012). The overall increase in the volume of journals and articles
published is one important factor facilitating this change in behavior, but digital access
to journals and articles has also been a key factor in enabling this change in behavior
among researchers.
However, it was not only publisher-developed solutions that tapped the potential of the
web for scientific communication; individual researchers did so as well. In fact, digital
distribution of journal articles and other written scholarly content started as a
grassroots phenomenon where the content was free to access by anyone with an
Internet connection, without any large actor or commercial interests driving
experimentation with the innovation.
This chapter describes what main mechanisms of OA have become established, what
the drivers for OA have been, an identification of potential benefits and threats
compared to conventional journal publishing, description of OA-enabled business
models, as well as a discussion of central copyright and licensing aspects related to OA
in general.
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3.2. Mechanisms
Scientific journal articles can become openly accessible on the web through a multitude
of ways. While many end-users and readers of scientific articles might consider
provision mechanisms inconsequential as long as a copy is available somewhere for
free, being aware of the provision mechanisms is very important for properly
understanding the phenomenon. This section presents the terminology and
categorizations which have become established during two decades of practice and
research on OA. The main distinction which runs throughout the section is
differentiating between OA provided directly by the journal publisher, and OA provided
by anyone else who is not the journal publisher.

3.2.1. Gold open access
Gold OA is when an article is made openly available directly by the publisher, so called
journal-mediated OA. The term was coined around the time of the preparations for the
Budapest Open Access Initiative in the early 2000s and makes one of its first formal
appearance in Harnad et al (2004).
Gold OA mechanisms can be divided into four subcategories:

Full Journal Immediate OA. Journals that make the full journal content OA
immediately upon publication. The Directory of Open Access Journals (DOAJ)
maintains a centralized listing of journals of this type. An estimated 340,130 articles
were published in 6,713 such journals during 2o11 (Laakso & Björk 2012). There is a
wide variety in this group, both with regards to journal and publisher size as well as
business models. OA journals can either be free for authors or journals charge authors
an APC. Journals might also publish a subscription-based print edition in parallel to an
OA version on the web, or they might be web-only.
Hybrid OA. Some subscription-based journals offer authors the option to make their
individual article OA on the publishers website through author-side payments.
Journals offering a hybrid OA option were recently estimated to total over 4,300 with a
total output of around 12,000 hybrid OA articles during the year 2011 (Björk 2012).
Delayed OA. Journals that restrict access to the most recent content to paying
subscribers only, but as time passes the embargo is lifted and the content is made
available OA. During 2011 at least 111,312 articles in 492 journals were published with
OA embargoes ranging from 6 to 24 months (Laakso & Björk 2013).
Promotional OA. Subscription-based journals that make individual articles or
complete journal issues free to access, either temporarily with a pre-defined expiry or
sporadically until further notice. This category of freely accessible literature has as of
yet not been studied or quantified in a dedicated study, however, promotional OA
copies of articles are often included as part of the OA results of snapshot studies based
on automated web crawling measuring the total availability of OA literature (e.g.
Gargouri et al 2012a; Archambault et al 2013). Since their availability is temporary
their recognition as a proper form of OA is debatable, however, so is also a considerable
share of article copies stored on webpages (i.e. green OA, see the following section)
(Björk et al 2013). Nevertheless, for the sake of OA measurement studies awareness of
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promotional OA is key for an informed interpretation of research results. Since this
form of OA is journal-mediated the logical categorization is as a subset of gold OA.
Please see Table 1 for a summary of the identified Gold OA mechanisms together with
prominent examples of journals or publishers supporting each mechanism.

Type

Definition & Example

Full Journal Immediate OA

Journals that make the full journal content OA
immediately upon publication.
Example: BMC Medicine (APC funded)

Hybrid OA

Individual articles in subscription-based journals
made OA on the publishers website through
author-side payments.
Example: Journal of Informetrics

Delayed OA

Subscriptions-based journals which make article
content available OA after a set embargo period.
Example: New England Journal of Medicine

Promotional OA

Sporadic and temporary occurrence by
definition, however, some publishers have been
noted to have systematic approaches in place,
e.g. the 1st issue of last years volume available for
free on a rolling schedule.
Example: Advanced Engineering Materials

Table 1 Gold OA mechanisms

3.2.2. Green open access
Green OA refers to indirect free access to an article or an earlier version of the
manuscript that is available on the web at a location other than the website of the
journal publisher (Harnad et al 2004). “Green” in this context comes from the notion of
publishers giving a “green light” for uploading openly available copies of the article
contents.
The possibilities for scholars to disseminate their own published and unpublished
works with the help of the Internet has empowered authors to provide indirect access
to their research, without interested readers having to go trough the journal publisher
to access the content. The terms green OA and self-archiving have often been used
interchangeably, however, the term green OA does not imply that the author is the only
one who can be involved in the process of making the contents of a journal article
openly available. Through various policies between publishers, authors, institutions
and research funders the uploading of an OA version of an article might not in fact
involve any author involvement. However, in the early years of green OA most copies
were made available by authors on their own homepages.
Articles usually complete a number of life-cycle stages before final publication in a
journal and green OA copies can be made available at any stage. In some cases the
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manuscript has previously been published as an e-print or working paper. Even though
such prior versions seldom are identical to the submitted versions, they regularly show
up in web-searches for green OA copies if the titles are identical, and might provide
essentially the same key content to interested readers. Even after acceptance, many
publishers make minor changes to manuscript contents during copyediting, and finally
the manuscript receives the publisher’s layout and page numbering. The key
manuscript stages are shown in Table 2 (from Björk et al 2013), as well as the various
terms that have commonly been used to describe them.

Stage

Definition

Working paper

A working paper uploaded
to an e-print repository

Submitted
manuscript

The version of the
manuscript submitted to
the journal

Preprint, author’s
original draft

Accepted
manuscript

The accepted version, after
peer review but prior the
final copy-editing and
layout

Postprint, personal
version, accepted
author manuscript,
final author version

An exact digital replicate
of the published article

Version of record,
publisher’s version,
published journal
article

Published article

Terms used

Preprint

Postprint

Table 2 Different versions of green OA copies (Björk et al 2013)

Green OA copies can be found in different types of locations, basically anywhere on the
web. The three most popular locations are institutional repositories, subject
repositories and the personal/departmental web sites of the authors (Björk et al 2013).
Some authors discussing green OA have restricted themselves to copies found in
repositories, while others use a broader definition encompassing any location outside
of the publisher’s original site.

Institutional repositories (IR). The term refers to highly structured collections of
digital material emanating from scholars employed by a university or a research
institution (e.g. the European Organization for Nuclear Research CERN)(Lynch 2003).
In addition to article manuscripts, IRs can contain other types of content, theses in
particular, but also teaching material, videos and images, and various data sets.
Although authors are the key contributors of content, professional librarians are
usually involved in the quality assurance process, checking metadata and permissibility
of upload as well as ensuring the long-term preservation of the content. The Registry of
Open Access Repositories (ROAR) currently includes a listing of over 2500 institutional
repositories as of the 10th of October 2013 (roar.eprints.org).
Subject repositories (SR). The earliest successful subject repositories were started
by scholars as voluntary operations during the 1990s, with many research disciplines
having prospering self-archiving cultures for distributing preprints and article
manuscripts (Harnad 1990; Björk 2013). The first subject repository, arXiv, was
founded in 1991 and now houses more than 860,000 preprints in physics, mathematics
and related fields (arxiv.org). In economics, a slightly different model has evolved, with
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RePec providing an overlay indexing service on top of over 1,500 archives containing
working paper series of individual universities, departments etc. (repec.org). PMC on
the other hand is a highly centralized database of medical publications, maintained by
the world’s largest funder of medical research, NIH (nihms.nih.gov). Since 2009, NIH
grantees have been required to deposit copies of their publications in PMC. PMC has
become highly influential in setting an example for other research funders to follow.
While PMC in many ways has been a prime example of a successful repository, the
follow-up of the NIH OA requirement to actually ensure that authors or publishers
upload their articles to a repository has not ensured total compliance. In a US
congressional report from 2012 the compliancy rate was quoted to be 75% with an
upward trend (NSTC 2012). The follow-up of uploading NIH funded research to PMC
was tightened during Spring 2013, resulting in a surge of newly uploaded manuscripts
to PMC, increasing the average monthly submissions from around 5,000 for the years
2009-2012 to 7,000-9,000 manuscripts during the first half of 2013 (nihms.nih.gov)
(blogs.nature.com).
An important initiative in making publisher and journal policies regarding green OA as
accessible as possible is the SHERPA/RoMEO database which is based at the
University of Nottingham since 2006 (sherpa.ac.uk). The two abbreviations stem from
two related research projects, Securing a Hybrid Environment for Research
Preservation and Access, and Rights MEtadata for Open archiving. Publisher policy
data is aggregated and standardized by information coded from publisher policies and
publisher self-reported information, focusing particularly on what versions of article
manuscripts can be uploaded to what types of web locations for the included entries. At
the time of writing, June 2013, the service covers 1,250 publishers. In an effort to make
the essential information easily accessible and comparable across outlets
SHERPA/RoMEO categorizes publishers and journals by different colors based on the
degree of green OA rights retained by authors. Starting from the most restrictive,
journals and publishers classified as white do not formally support self-archiving,
yellow indicates permission to self-archive the pre-print version, blue permission to
self-archive the post-print, and journals and publishers categorized as green allow both
self-arching of both pre- and post-prints.
When repositories started to emerge there was an effort to standardize data interfaces
in the form of the Open Archives Initiative Protocol for Metadata Harvesting (OAIPMH) in order to enable interoperable harvesting of content metadata by third party
web services. An example of large scale OAI-PMH integration is the BASE search
engine which as of July 2013 covers over 48 million documents stored in over 2 600
repositories of different kinds (base-search.net). However, it is common for academics
to use general web search engines or specialized ones, like Google Scholar
(scholar.google.com), to both find and retrieve articles. The main function of a
repository can consequently be argued to be to secure the long-term archiving of
manuscripts and articles, and facilitate indexing and visibility in search engines.
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3.3. Drivers and enablers
The birth and growth of OA can be attributed to a variety of interrelated technology,
ideology, policy, economic, and legal factors. The most important include:
1. Information technology advanced in both processing capacity and reach, going
from local to globally interconnected. Perfect copies of documents could be
distributed at close to zero marginal cost. (e.g. Suber 2012)
2. The questioning of the old practice of academic institutions paying escalating
subscription fees in order to gain access to research which they have
participated in producing. Academic faculty and researchers author, review, and
act as editors for journal article manuscripts. (e.g. Conley & Wooders 2009;
Beverungen, Böhm & Land 2012). The effect that the recent financial downturn
has had on the local and global economies should also not be understated,
libraries have been reported to struggle with the equation of managing a
severely constrained budget while facing rising subscription expenses (Nicholas
et al 2010; Guarria Wang 2011)
3. Research is to a large extent directly and indirectly funded with taxpayer funds
and should be considered a public good. (e.g. Suber 2012)
4. Academic authors write for impact, not for royalties. As such it is not in the
authors interest to restrict access and readership of their written work. (e.g.
Suber 2012; Harnad 2013)

3.3.1. Technological
Academics acted as contractors for developing early computer network technologies
and became early adopters as the networks gradually expanded, connecting universities
to one another, scholarly communication has been one of the early uses for
interconnected connected computers (Gresham 1994). Early e-mail list services (e.g.
LISTSERV) were used to communicate one-to-many among scholars globally.
However, due to the technical limitations and lack of well-established document
standards communication was restricted to unformatted text. While this meant that
written text passages could be distributed instantly at low cost among large groups of
recipients asynchronously, it was no substitute for accessing paper-based content due
to the content limitations and delivery mechanism dependent on sender-receiver
transactions rather than persistent on-demand online availability.
While some pioneering journals had been distributing their content openly on e-mail
lists years prior, it was not until widespread use of HTML compatible browsers (Mosaic
released in 1993, Netscape in 1994) and PDF creation and viewing software (also
released in 1993) become the de-facto standards for digitally stored articles that
distribution of perfect copies of articles through the web became truly accessible.
(Willinsky et al 2012; Conley & Wooders 2009)
Though web technologies and electronic document standards became standardized and
widespread before the shift of the millennium, founding a web presence for a journal
(whether old or new, OA or not OA) or an organization’s publication output was
something that usually required software coding from scratch. Larger publishers have
resources and sufficient incentive to invest in the development of their own editorial
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management software to facilitate and automate the steps involved in the submission,
review, revision, and publication processes. For smaller publishers, running one or a
handful of journals such development and maintenance effort can often be out of reach.
There are three advances which have facilitated the growth of OA specifically: Open
source journal web platforms, open source repository software, and regional OA
portals.

Open source journal web platforms. Launched in 2002, the OJS open source
journal editorial management and publishing platform made available a complete
website software to facilitate all stages of the journal publishing workflow (Willinsky
2005). OA journals active before the launch of OJS often had no option but to use static
web pages for publishing while submission, review coordination, and all
communication was handled by e-mail, which is not an optimal solution for keeping
track of the workflow of all individual articles in the pipeline. In 2009 it was estimated
that approximately 5000 journals had implemented OJS, most of which seemed to
provide articles OA on the web (Edgar & Willinsky 2010). OJS provides a low technical
and financial threshold for anyone to set up a fully featured journal website.
Open source repository software. Similar to what OJS provides for journals there
are similar turnkey solutions for institutions and organizations interested in setting up
repositories accessible on the web. Among the most widely used are EPrints and
DSpace. The EPrints project was initiated by Stevan Harnad in 1999 with its first stable
public release made available in 2000. Since the beginning the software development
has been managed by a group at the University of Southampton. Today over 500
repositories use EPrints software. (Tansley & Harnad 2000: eprints.org;
roar.eprints.org) DSpace was originally developed through a collaboration between
Hewlett-Packard Labs and the Massachusetts Institute of Technology Libraries and was
first released in 2002; it has since been adopted in over a thousand repositories (Smith
et al 2003; dspace.org), including this author’s university.
Regional OA portals. In several geographical regions of the world cooperative web
portals have been set up to digitize print journals in order to provide better exposure
for research published by journals active in the region. These portals enable OA for
journals that otherwise would have no online presence, or would have to invest in their
own infrastructure to create one. Having multiple journals listed on one single
technologically sophisticated and standardized platform is cost-effective and facilitates
indexing in bibliographic databases.
One of the most successful examples of a regional portal is Scientific Electronic Library
Online (SciELO) (scielo.org), which was founded in 1997 as a Brazilian initiative for
journals in the medical sciences (Packer 2010). Since then SciELO has grown to cover
over a thousand journals across Latin America, Mexico and Spain. In an effort to
expand its geographical and linguistic breadth WoK announced the inclusion of all
SciELO journals into its indexing coverage in July 2012 (thomsonreuters.com1). Other
examples of prospering regional OA portals are Redalyc, J-STAGE, and doiSERBIA.
(redalyc.org; jstage.jst.go.jp; doiserbia.nb.rs).
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3.3.2. Behavioral
Available technology infrastructure and other external factors alone are not enough to
facilitate the growth of OA, behavior among authors needs to be aligned as well. While
this notion could be argued to concern all involved stakeholders and multiple levels
within them, it is the authors that have been and still are in the most central position to
influence the development of OA in all its varieties.
Authors can be argued to shape the future of OA through their behavior, with
important decisions being made already at the start of each research and writing
process. Some key questions when exploring these aspects include: How do authors
seek literature written on a specific subject, e.g. the university libraries journal
subscription database or a general web search engine? How are publications available
in OA journals looked upon and valued? Are manuscript versions of interesting articles
satisfactory as source material and referencing? The reading and information seeking
behavior of academics has changed during the last two decades, facilitated by web
access to journals as well as scholarly communication conducted through social media
(Tenopir et al 2010; Rowlands et al 2011; Tenopir 2013).
So far most of the research conducted into attitudes and behavioral aspects of OA have
focused on exploring factors influencing authors to self-archive their own articles. In a
study based on both survey and interview data from the faculty of 17 US universities
with institutional repositories, Kim (2010) identified factors influencing self-archiving
behavior among authors. Significant positive factors for self-archiving behavior were:
altruism, perceived self-archiving culture, technical skills, and a perception of there
being no harmful impact of self-archiving on tenure and promotion. Factors which
influenced self-archiving negatively were: age, copyright concerns, and additional time
and effort. Similarly to Kim (2010), Cullen & Chawner (2011) conducted a survey across
faculty of all eight universities and twelve of the larger polytechnic and technical
institutes in New Zealand, all which had institutional repositories available. Of the 546
usable responses, over 55% of the respondents were unaware that their own institution
had a repository and only 24% had deposited at least one document to the repository.
Some key barriers for non-depositors were that no one had asked them to deposit, that
they believed that the copyright policies of the publishers prevented them from doing
so, and lack of time and knowledge concerning on how to upload. Both Kim (2010) and
Cullen & Chawner (2011) demonstrate that a barrier to a more facilitating attitude and
behavior towards self-archiving is one of a lack of awareness and end-user training,
both with regards to the possibilities and potential benefits that that self-arching can
provide. The fears of copyright breach by self-archiving also stem from lack of
awareness, an aspect which was pinpointed in Morris (2009) study of the discrepancies
between author perception and actual author rights of published articles.
The information seeking and writing processes are closely related, together shaping
how journals get cited, and thus contribute to increasing the journal’s academic
prestige. Authors who notice that their uploaded manuscript copies are downloaded,
read, and cited gain a more positive attitude to make future manuscripts OA as well.
The notion of reciprocity was found to be an important element of the altruism
construct in Kim (2010), fueling self-archiving behavior. The more researchers
experience the usefulness of openly accessing the research of others, the more aware
they should become of both the benefits and mechanisms through which one’s own
research can be made openly accessible. Towards the end of the writing process authors
are usually free to decide where to submit their article manuscripts (i.e. to an OA
journal or not), and the choice of whether to make a green OA copy available
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somewhere on the web, as well as perform the necessary steps to make that happen,
have largely been up to authors as well.
Though there is yet a lot to be done in the way of increasing awareness, a lot has
already been achieved by those who are aware of the possibilities that OA can offer and
act accordingly. The issue of lacking awareness is also something that will likely resolve
itself over time even without concerted effort.

3.3.3. Ideological
OA is often discussed in the context of other ‘open’ initiatives enabled by the Internet
such as open source software, open data, and open knowledge. While there are many
parallels that can be drawn between these phenomena beyond the immediately
apparent similarities in terminology, a strong element in the ideology fueling the OA
phenomenon is a counter-action to the escalating cost of journal subscriptions partly
paid for with public funding.
As the previous section described, Kim (2010) found altruism to be the strongest factor
for explaining self-archiving behavior. While it is certainly up for debate if selfarchiving OA copies to repositories could ever be classified as a purely altruistic act,
due to the citation and impact-based nature of academic reward systems, the OA
ideology of free access to everyone is an important driver for OA.
In section 2.6 of the previous chapter OA was considered an important component of
the philosophical and ethical considerations of authors identified in Knight &
Steinbach’s (2008) journal selection model. While not backed up by any empirical
study to verify the degree of influence of this variable, the notion that OA as an
ideological factor can influence the outlet to which an author submits a manuscript in
tandem to traditional variables such as impact factors and timely acceptance argues for
the unique value and disruptiveness of OA.
Related to the ideological aspect of OA is also the notion of the differentiation between
Gratis and Libre OA, where the former grants readers only the right to freely read the
article for limited personal use, and the latter provides extended rights for use, re-use
and re-distribution of the article. Creative Commons (CC), a range of pre-defined
licenses designed to make explicit rules for sharing and re-use of content as simple as
possible was developed to support the licensing needs of ‘open’ initiatives on the web
(creativecommons.org). Many OA journals utilize permissive CC licenses for published
articles and thus fall into the Libre category, self-archived copies rarely have licenses
attached and are thus dominantly Gratis by default.

3.3.4. Policy
In order to facilitate funded research reaching its maximum potential and visibility OA
has been made a priority on several influential policy levels since the early 2000s. In
the context of OA policies that suggest or require specific actions, the term OA
mandates is usually used. It is specifically these policies that have increased, and look
likely to continue to increase, OA article volume of both gold and green varieties.
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OA Mandates. OA mandates are formal requirements issued by either research
funders as conditions of grant contracts, or by the employers of researchers (research
institutes or universities), which stipulate that, unless a researcher has published in an
OA journal, a green OA copy must be made available within a specific timeframe.
Mandates come in different variations, for instance Gargouri et al (2012b) graded the
strength of institutional mandates on a scale from 1 to 12, ranging from no requirement
to performance evaluation-linked immediate deposit. The authors found a significant
correlation between mandate strength and the ratio of deposits made by the
institutions, demonstrating that enforcement of strong institutional mandates
facilitates increased green OA deposits.
On the European regional level the European Commission has been a driver for the OA
agenda both in the capacity of research funder as well as influencing member state
policy and legislation development. The Seventh Research Framework Programme
(FP7) which spanned 2007-2013 had an OA requirement for some selected research
areas, covering approximately 20% of the total research funded (EC 2008). The new
research programme, named Horizon 2020, spans they years 2014-2020 with allocated
funding exceeding 70 billion and aims to have a more comprehensive and enforced
OA mandate in place, supported by infrastructure developed through the OpenAIRE
initiative (ec.europa.eu; openaire.eu).
On national levels there are many prominent examples that are worthy of mention but
it is particularly the United States and the United Kingdom that have recently been
pushing for OA in a very visible and aggressive way. In the United States there has
been a strong push for OA to federally funded research and plans for further
development of public access is high on the agenda (Holdren 2013). In the United
Kingdom Research Councils UK has been rapidly been moving forward with policies
that facilitate a substantial push for OA (RCUK 2013; Finch 2012).
In addition to the regional and national policies there are research funders and
institutions that have formulated OA mandates that encourage or require OA
availability of published output. Among the most prominent research funder mandates
are the ones by NIH in the United States, and the Wellcome Trust in the United
Kingdom. From the few summarizing figures that are available about mandates on a
global scale, The Registry of Open Access Repository Mandatory Archiving Policies lists
185 institutional mandates and 83 funder mandates as of 2nd of November 2013
(roarmap.eprints.org). Among these 185 institutional mandates is the University of
Helsinki which has had an OA mandate in place since Spring 2010, requiring affiliated
faculty to archive accepted manuscripts in the University’s institutional repository
(publisher policy permitting) unless published in an OA journal.
The issue of how compensation for potential incurred APCs or hybrid OA fees that stem
from adherence to an OA mandate should be designed is a topic that is still actively
debated. Striking the balance between enabling OA for otherwise closed off content
while not disrupting author choice for publication outlet, publisher self-archiving
policies, or publisher pricing for APCs or hybrid OA options is not a trivial task
(scholarlykitchen.sspnet.org).
A problem with many OA mandates is the low compliance rates due to them not being
strictly enforced, actively followed up, or by being only recommendations to begin with.
Armbruster (2011) conducted a multiple case study exploring the implementation
experiences of ten prominent OA policies and mandates around the world, including a
range of influential research funders and academic institutions. In the study a figure of
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40% compliance was quoted as being a successful mandate. The general result from
interviews with OA policy-makers found that mandate implementations need to be
author-centric in order to achieve high acceptance and compliance rates. More
particularly, the five most important issues that arose from the case studies related to
facilitating the growth of OA through author-centric mandate implementations were:
1. Repositories should not be just archives, they should be service tools
offering benefits to authors
2. Mediated and assisted deposit should be used where possible
3. Mechanisms should be put in place to take care of publication charges
4. Authors should get feedback for the increased reach that OA provides,
monitoring tools e.g. through article use metrics
5. Repository deposit can be integrated into the research assessment process
as has already happened in some institutions
Policy has been, and increasingly looks to be, one of the main accelerants for OA. Many
influential guidelines and mandates will be formulated within the next couple of years.

3.3.5. Financial
While the growth of OA cannot be argued to be a direct consequence of the rapidly
escalating pricing and volume of scientific articles produced (the serials crisis described
earlier), an indirect relationship between the two can nevertheless be argued for. The
notion of academics writing, reviewing, and acting as editors for journals without
compensation at the same time as the libraries of the academic institutions that employ
said academics are struggling to fund rapidly increasing subscription prices to the very
same journals has put the financial aspects of production and access under the
spotlight. Publishing is not free and few have argued it should be; it is the premium
pricing of established journals enabled by inelastic demand that has put focus on the
monetary value of the services that publishers provide (Conley & Wooders 2009).
Faced with the increasingly tough economic reality in the late 1990s, several academic
and research libraries in the US started to explore ways through which the benefits of
scholars rather than shareholders could be enhanced through collective action in
collaboration with journal publishers and researchers. In 1997 this materialized in the
form of an alliance of academic and research libraries named the Scholarly Publishing
and Academic Resources Coalition (SPARC). An equivalent European alliance was
founded in 2001 in order to support the interests of European academic and research
libraries. Since then SPARC and SPARC Europe have grown to cater a wide array of OA
advocacy initiatives. Among other OA initiatives SPARC has driven the agenda of
author addendums to restrictive journal copyright agreements, suggesting that authors
negotiate self-archiving rights for their articles. SPARC has also been in a key role in
founding successful alternative journals to expensive subscription equivalents. For
detailed historic review of the early years of SPARC and its activities please see Case
(2002).
A more transparent price of publisher per-article costs of has come as a result of OA
journals reversing the traditional journal business model. Instead of taking payment
from readers in exchange for content access, journals now take payment from authors
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in exchange for the services they provide, which include making the article free for
anyone to access. However, in order for this business model to become widespread
across all disciplines the mechanisms for funding APCs need to be improved among
research institutions and research funders.
The financial aspect is also relevant to research funders in the sense that OA enables a
way to increase exposure and scientific impact for their investments. The research
grants distributed by research funders play an important part in keeping research going
at its current pace that grantees competing for research funding are likely not going to
turn down possibilities for money due to OA requirements of research output.
3.4. Benefits
There is no shortage of write-ups on arguments for OA benefits, just as there are
numerous texts written about the perils of different forms of OA. As a disruptive
innovation to a highly traditional practice and underlying industry, the divisiveness is
understandable.
Authors are direct benefactors of OA. As authors of journal articles primarily write for
impact, OA offers them an undeniable increase in the visibility of their research. The
logical extension of this is the notion that increased visibility would also equal
increased citations. Studies have attempted to measure for a potential citation
advantage among gold OA and green OA articles (Swan 2010; Wagner 2010), however,
the main challenge for reaching conclusive results is the inability to compare articles
and journals with each other since no two are identical. Nevertheless, most of the
research so far suggests there is a positive citation advantage to making articles
available OA. Authors might also benefit from OA by making versions of their articles
available on the web ahead of the journal issue being published (journal copyright
policy permitting), either as a preprint or an accepted manuscript, facilitating timely
dissemination of the research results.
Private and public research funders have been strong advocates for OA as it provides
visible output for funded research. Lacking commercial interests research funders have
little benefit in seeing the ultimate output of funded research activities being owned,
closed off and sold by publishers if OA is an alternative. The strong commitment for OA
among research funders is perhaps best showcased by the PMC subject repository set
up by NIH in the United States, mandating all NIH funded research to be made
available in PMC within 12 months of publication (publicaccess.nih.gov). The Wellcome
Trust in the United Kingdom is also a supporter of mandated OA for funded research
(wellcome.ac.co.uk).
Readers are direct benefactors of OA. Whether academically affiliated or not, readers
gain free access to content they searched for or discovered by other means. With the
barriers of access removed the conditions for an unhindered research process are
improved. Readers also benefit from having green OA versions of articles available on
the web ahead of print, as they are then better able to accommodate for already existing
but not yet published research in their information retrieval process.
Journals, particularly newly founded ones, are potential financial benefactors.
Compared to the past where printing and mailing was the only option for dissemination
of content, setting up an online-only journal is inexpensive considering the low cost of
web hosting and availability of open source journal platforms. By collecting author
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payments up front for articles accepted for publishing OA lowers the financial risks
involved and need for initial funding compared to subscription-based models where a
critical mass of subscribers need to be acquired in order to stay afloat. This lowered
market entry threshold has led to some negative effects as well, which are discussed
further in the following section.
3.5. Threats
This section deals with two prominent issues, one for green OA and one for gold OA,
which can be argued to be threats to the overall reputation or development of the OA
phenomenon
For gold OA there has been a rapid expansion in the number of newly founded OA
journals. The low cost and effort involved in setting up a web-only journal, essentially
only a website, has led to a number of questionable actors entering the field. While
competition is arguably good for the health of any market, the problem with some
newly founded OA journals is that they seem more concerned with attracting payments
from authors than maintaining high ethical scholarly standards, particularly
concerning rigor in peer-review (Bohannon 2013). Such journals and publishers have
been referred to as “predatory” by Jeffrey Beall, who curates a list of suspected actors
(Beall 2012; scholarlyoa.com). In the days of subscription-based journals it was harder
for lesser quality publications to gain visibility and get off the ground due to the need of
a critical mass of submissions and subscribers; in the age of the web a journal website
with a file submission function and electronic payment page is all that is needed. It is
unfortunate that many scholars might have been introduced to the concept of OA
through the aggressive e-mail advertising from such questionable journals, however, in
the longer term such actors should not gain much traction due to increased awareness
about the phenomena.
For green OA there have been notable advances both with regards to technical
infrastructures such as available repository software, as well as practice when it comes
to mandates and voluntary behavior. However, the many options authors have at their
disposal for easily distributing manuscript versions of unpublished and published
articles on the web introduces a fundamental problem with the unsystematic nature of
green OA. Multiple versions of a single article might be available on the web, potentially
making it difficult for authors to identify the most recent version and how to cite it
correctly.
An element of uncertainty for future developments of green OA is spurred by the fact
that journals publishers ultimately control the process through self-archiving policies
and copyright agreements, making the very foundation of green OA subject to the
whims and interests of the journal publishers. Though causality can not be proven, the
recent establishment of notable OA policies with earmarked funds for APCs (e.g. RCUK
2013), has likely influenced traditional subscription-based publishers to review their
policies enforce more limitations on the distribution of green OA copies (aoasg.org.au),
potentially in an effort to drive authors to pay the publisher for making their articles
available OA though hybrid OA or newly founded OA journals.
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3.6. Business models
OA does not imply that no money should be involved in the journal publishing process,
only that potential readers should not be the ones paying for access to the content. This
section will briefly describe the key business models that have formed around OA,
please see Crow (2009) for a more extensive review.

Per-article author-side payment. Most OA articles are published through authorside payments, reversing the traditional business model from individual readers (or
more commonly their institutions) paying for access, typically on a subscription basis,
to authors or their institutions making a one-time payment to make access free for
everyone. The funds for the payment are seldom directly out of the author’s pocket, but
more commonly stemming from a variety of sources including research grants, and
institutional or library funds (Solomon & Björk 2012a).
Full OA journals might charge a fixed price per-article APC. A recent study including
1,370 APC-funded OA journals listed in the DOAJ suggests that APCs range between $8
USD and $3,900 USD, with averages of $906 USD calculated over journals and $904
USD calculated over the 100 697 articles that these journals published during the year
2010 (Solomon & Björk 2012b).
Since around the year 2000 some subscription-based journals have offered authors the
option of making individual articles openly available on the journal website in return
for a one-time fee, a practice that has been coined hybrid OA. A recent study found that
the typical price for utilizing such an option was around $3,000 USD and there were
roughly 4,300 journals in 2011 offering the option of hybrid OA, publishing a total of
around 12,000 articles (Björk 2012). Hybrid OA can be seen as a way for subscriptionbased journals to experiment with Gold OA business models in a low-risk way without
cannibalizing subscription income. Concerns about “double-dipping”, where journals
do not adjust subscription prices according to the volume of articles published
supported by hybrid OA payments, has encouraged publishers to issue disclosures
concerning the influence of hybrid OA on subscription pricing (e.g. Elsevier,
cdn.elsevier.com; Wiley, olabout.wiley.com).

Membership fees. Some larger OA publishers provide institutional memberships in
order to save time and cost for institutions by facilitating prepayment of APC fees at a
discounted rate either in part or in full (e.g. BioMedCentral, biomedcentral.com1; PLoS,
plos.org1). A new membership-based business model was recently introduced by the
journal PeerJ, where a one-time membership fee grants authors the right to publish
papers in the journal without any future payments. All authors and co-authors of
submitted papers need to be registered members. Variable pricing is implemented to
accommodate multiple membership tiers: for $99 USD one is allowed one published
paper per year and for $299 there is no limit on the annual number of publications,
however, all members are required to review at least one article annually if invited to
ensure continued membership (peerj.com). The pricing is aggressive and substantially
less than most APCs charged by OA journals for getting a single article published.
PeerJ’s main challenge, as with any other newly founded journal, is getting the journal
properly established to attract high-quality submissions to further grow in member
count and publication volume.
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Advertisements. Advertisements are nothing new to journal publishing, print based
ads in journals have been around for a long time. For OA journals the extra income
gained from displaying commercial content to users provides a mechanism to scale the
funding of server costs and maintenance directly based on the amount of users
accessing the content. According to a 2009 web survey mailed out to journals listed in
the DOAJ slightly less than 20% of responding journals were found to accept
advertising, however, larger journals and publishers with multiple journals were found
to be more likely do so than single-journal publishers (Frantsvåg 2010). Public Library
of Science, one of the largest OA publishers measured by the amount of articles
published, provides transparent insight into the contribution advertising can have
through their financial reporting. The figures suggest that advertising can be a helpful
supplementary source of income but even huge journals generate only modest income
from them: Advertising revenue amounted to $463,153 USD in 2011, when author fees
contributed with over $21 million USD in the same timeframe (plos.org2)
Subscription-based print journals with OA on the web. This is the traditional
journal business model which was described in the previous chapter, with the
difference being that the journal makes articles available for free online. An important
facilitator for OA in this segment are the regional OA portals mentioned in section
3.3.1, such as the service SciELO provides for many print journals in Latin America.
Other. There are a variety of other sources of income that help support OA journals
listed in Crow (2009), but with the exception of reprint production are less sustainable
business models in the traditional sense and should rather be considered more
sporadic in nature e.g. sponsorship, donations, endowments, partnerships, and
subsidies.
No income. Not a business model but rather an acknowledgement that some OA
journals base their activities completely on free voluntary labor, a feat which is usually
only viable on a modest scale and with highly dedicated journal editors managing the
efforts. A case study of such a journal is provided in e.g. Cavaleri, Keren, Ramello &
Valli (2009).
3.7.

Copyright & licensing

Copyright and licensing aspects of journal publishing have existed for a long time
before any form of OA became possible. However, with the powerful possibilities for
low-cost dissemination these aspects have been put under the spotlight. Authors of
scientific journal articles do not write for royalties or any other type of direct financial
compensation for their work. Maximum visibility and further use of their research
findings is the ultimate goal, something which is in stark contrast to traditional
concepts of copyright protection guarding the interests of content creators.
In the delimitations of this thesis it was stated that no measurement or discussion for
rights or licensing nuances that go beyond granting readers free access to a full-text
version of the article or its manuscript will be provided. However, that does not mean
that copyright and licensing aspects are excluded from the discussion and studies of the
thesis. As Peter Suber notes, copyright is very much central to the existence of OA:
“OA is made possible by the internet and copyright-holder consent.” (Suber 2012:9)
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Though anything stored in digital form can be made available for download on the web,
without copyright compliancy there is no sustainable legal ground for OA to exist. With
written works the copyright resides with the authors, and remains with them unless
some or all rights to the work are signed over or licensed to someone else, most
commonly a journal publisher. What rights publishers ask for from authors varies,
ranging from complete copyright transfer of all rights to the work to only a license to
publish and archive the work. Publishers in general tend to allow authors to upload
preprints and accepted manuscripts to institutional or subject repositories (Laakso
2014), despite retaining commercial rights to the final published article. With OA
journals there is not as much of a commercial gain to be had once the article is
published so the disposition has been for OA journals to only ask for a license to
publish while the author retains the copyright to the work. Many OA journals utilize
versions of Creative Commons licenses (creativecommons.org) in order to briefly and
explicitly communicate to readers, and search engines, what the rights are for using or
re-using the content are, as exemplified by large OA publishers such as BioMed Central
(biomedcentral.com2) and Public Library of Science (plos.org3). The Open Access
Scholarly Publishers Association (OASPA) strongly encourages the use of (at least) the
CC-BY license among its member journals (oaspa.org).
For OA two main distinctions have been made in reader-side licensing, drawing upon
vocabulary familiar from computer software code licensing: Gratis and Libre.
Gratis OA caters to the usage patterns and purposes established by researchers since
the dawn of scholarly publishing, as long as an article can be freely accessed and cited it
is sufficient for most users. Green OA is commonly gratis OA, as the re-distribution
rights to the article commonly belong to the journal in which the article was originally
published.
Libre OA provides transparent and flexible re-use rights that go beyond simply
accessing and citing the content, often defined by referring to pre-defined Creative
Commons licenses (creativecommons.org). Examples of extended rights might include
the right to freely re-distribute the article or perform machine reading of the text or
appended data for data mining purposes. Murray-Rust (2008) describes several
valuable use-cases for data mining within chemistry, one of the many sciences that
would benefit from freely re-usable text and data. Articles published as Libre OA are
usually gold OA since rights of this extended nature have to be granted by the original
publisher.
3.8. Summary
OA is revolutionizing scientific communication, tearing down the barriers created as a
result of transferring paper-based business models into a digital environment where
old operating conditions could be questioned. An important aspect of this chapter was
to highlight the fact that OA of both gold and green varieties started their existence as
bottom-up phenomena through the actions of individual scholars fueled more by
ideological agendas and practical benefits for scholarly communication than
commercial interests.
Though the beginnings of OA as a phenomenon might have been small-scale, the two
decades that have passed since what can be considered the start of OA as it is known
today have seen OA brought up to the front and center of both public policy discourse
and journal publishing as a modern business. Large established professional OA
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publishers, impactful OA mandates, and sophisticated IT infrastructures supporting
OA have all been important large-scale enablers that have pushed the innovation from
the hands of individual ideological academics towards the scientific mainstream. At the
time of writing the momentum around OA is as strong as its ever been, the field of
scientific journal publishing is still in a state of transformation to better meet the needs
of researchers today and tomorrow.
In an attempt to draw together the main content of this chapter, Table 3 summarizes
the wide spectrum of OA in a classification matrix. OA can be classified according to
many variables, all of which can occur in various combinations with each other.

Availability

Prior to
publication

Immediately
at publication

Version

Original
publication

Personal
version

Usage rights

Libre

Gratis

Provider of
OA copy

Publisher

Funder or
employer

Setting

In fully free
journal

Individually
opened

Location

Publisher’s
site

Subject-based
repository

Permanency

Permanently
OA

Temporarily
OA

Legal status

Legal copy

Illegal copy

Up to 12
months after
publication
Preprint
version

In excess of 12
months after
publication

Author

Third-party

Institutional
repository

Homepage or
other

Table 3 OA classification table (Laakso & Björk 2013)

The scope of this chapter was defined very broadly; to summarize the history, research,
implications, and current status of OA. OA is as much about practice as it is about
studies observing the phenomenon, which expands the ground that needs to be
summarized. As the research on the subject has been diverse, often with researchers
from various different disciplines coming together to study different aspects of OA, it is
a topic that would benefit from having a more extensive treatment. However, for the
purpose of thesis the contextual and theoretical background is hopefully provided in
sufficient detail to frame and interpret the conducted studies.
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4

METHODOLOGY

This thesis draws together research from five separate studies and articles, each having
its own research design. This chapter splits the methodology description into three
main components. First, the general research design implications for studying aspects
related OA are described. Second, the main sources of data are described since there is
a degree of overlap with data used between the studies. Third, the research designs of
the studies are described, drawing upon the discussion about data sources and
methodological considerations provided earlier.
4.1.

Introduction

Research on scientific publishing, including aspects such as information research and
bibliometrics, is a well-established area of research that existed before the dawn of the
modern Internet and OA. In addition to information researchers and library scientists
research on OA is something that scholars from diverse disciplines have gotten
involved in addition to research and teaching in topics unrelated to scientific
publishing, which has contributed a richness in the wealth of perspectives on central
issues.
One key reason for why information researchers have not been alone in the OA
research stream is that OA is something that is of direct and personal relevance to
scholars in all disciplines. Research on the evolution of OA globally and within specific
disciplines have been featured in countless specialized journals which otherwise do not
publish results of bibliometric studies. Since each and every scholar has the possibility
to influence the future of OA by their own publication and self-archiving choices OA
has generally not been a considered a static phenomenon which can merely be clinically
observed without getting engaged in the debate and future evolution of the
phenomenon regardless of stance on the issue. Another key reason lies in the issue of
missing or incomplete data for studying the phenomenon, an aspect that every study
part of this thesis has spent considerable time coping with. Bibliometric research
methods have a heavy emphasis on statistical inference which in turns require large
quantities of high-quality data to be used for conducting the analyses. As research on
OA is still dealing with such fundamental questions as how many journals and articles
get published as OA, with some of the most reliable figures being estimates rather than
direct observations, many of the stricter bibliometric analysis methods can only be
done on limited samples if at all. This has necessitated explorative and approximate
approaches to measurement for studying aspects related to OA.
While gold OA and green OA both fall under the overarching concept of OA they are
vastly different phenomena and require different research approaches in order to be
observed and measured. The challenge that both forms of OA share from a
methodological perspective is the lack of comprehensive data documenting the past
and present status of each OA mechanism, albeit for different reasons. Since these
issues of lacking data still persist manual data collection has been utilized to various
extent in all studies forming part of this thesis.
The main reason for the lack of comprehensive data covering the output of OA by
journals, i.e. gold OA, can be attributed to the lack of technological sophistication of
web platforms for a large proportion of journal websites. Provided that any
bibliographic indexing service is interested in including the article-level output of the
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journal in its records the use of modern web standards and well-structured metadata is
essential for successful automated indexing. While the lack of gold OA indexing could
be remedied by software updates to journal websites and having a service reliably
harvest the provided metadata, improving and automating green OA measurement is
something which is not as easy to achieve.
Green OA is not provided at a single pre-defined source, like gold OA which resides at
the journal website, but is rather comprised of files scattered around the web as various
different types of article versions. Since the existence of a green OA copy of an article is
impossible to determine a-priori based on journal outlet the most common way to
determine if such is available is to search the web, either with a general search engine
like Google or Bing, or a search engine tailored for scholarly content like Google
Scholar or Microsoft Academic Search. Without going too much into technical details
regarding web search engine functionality, there are some key intermediate steps to the
retrieval process that influence the chances of finding a copy.
1) the existence of a green OA copy on the open web,
2) the ability of the web search engine to crawl and index the said green OA
copy,
3) formulation of the search string used to trigger the retrieval search,
4) the continued existence of the green OA copy on the indexed web
location.
Since institutional or subject repositories are specifically designed for the purpose of
archiving and provision of electronic documents, often with complete metadata and
article reference available, copies uploaded to such locations are usually among the
easiest to find and most likely to persist in the future. On the other end of the spectrum
are manuscript document files uploaded to volatile web locations such as course
homepages, departmental webpages or seemingly random websites.
Web search engines tailored for scholarly content like Google Scholar have become
increasingly sophisticated in matching the location information for green OA copies
available on the web to a unique database entry for the original article (Chen 2010). In
that sense Google is likely sitting on the most comprehensive and reliable metrics for
the share of articles which have a green OA copy available. However, until the day such
metrics are provided to the public alternative methods have to be used for
measurement.
4.2. Data collection considerations
This section reviews the three important methodological considerations that are key to
correctly designing and ultimately interpreting the results of studies measuring OA
prevalence. Firstly, the important choice of which baseline bibliographic index is used
to represent the total population of articles and journals is discussed. Secondly, the two
main approaches to data collection are outlined (manual & automated), the most
prominent studies representing each approach, and the main considerations that need
to be taken into account in studies utilizing either approach. Thirdly, differentiating
between snapshot and longitudinal studies is important, as well as being aware of the
implications of either research design option.
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Studies measuring the development of OA have been conducted across different
bibliographic indexes, utilizing diverse methods, which makes comparisons or metastudies of longitudinal development across multiple studies inexact. This section is
dedicated to discussion on the methodological level and does not go into specific
research results and contrasting them to one another on a detailed level, for that the
articles found in Appendix 1 should be consulted.

4.2.1. Baseline bibliographic index
Most quantitative studies on OA have used WoK or Scopus as their baseline index, with
some studies having also included Ulrichsweb to an extent. As section 4.3.1 describes in
closer detail, there are large discrepancies with regards to the coverage size between
these indexes. However, sheer size differences in the number of titles covered is not the
only differentiating factor, the selection criteria that the indexes use shape the overall
population profile of the index. For example, of the three indexes WoK contains the
smallest number of titles and is widely considered the most restrictive with regards to
inclusion criteria. Covering such a subset means that on average more high impact
journals are included in the index than in either Scopus or Ulrichsweb. Conversely
since the other two indexes are more inclusive they can be assumed to be more
representative of the total universe of scholarly journals, including both high and low
impact journals in their scope. These considerations are relevant both for studies
measuring gold OA and green OA regardless of data collection methodology, since the
OA context of the articles and journals included in a specific index can assumed equal
to those outside the scope of the index. Which index is most suitable for a specific study
depends on what the ultimate purpose of the study is, what kind of journal metadata is
needed, and to which previous studies the results aim to be build upon.

4.2.2. Snapshot or longitudinal
Under optimal circumstances there would be comprehensive historical records
documenting the number of OA journals publishing at any one time, as well as data
concerning the coverage of green OA as it has developed over time. Unfortunately since
comprehensive data for either category is unavailable, researchers have spent a lot of
effort in devising ways to cope with the lack of readily available data.
Most research measuring the development of gold OA literature have been snapshot
studies, studies which analyze the situation for a specific year in isolation. This
approach limits the scope of data collection, something which is convenient when
adopting a manual data collection approach. Longitudinal studies, which explore the
development across time have either collected at multiple data measurement points
during the analyzed timeframe, or more commonly, retrospectively reconstructed
specific points in time using time stamped journal metadata (e.g. when a journal was
added to the DOAJ, when a journal was founded, when a journal started publishing OA,
annual article publication volume etc). The exercise of reconstructing historical gold
OA development is not trivial due to missing or incorrect data that has to be collected
or corrected manually.
With green OA almost all studies can be considered snapshot studies, looking at the
availability of self-archived articles for a specific sample of articles at a specific point in
time. Whether the sample of articles is selected across several years does not matter, it
is still a snapshot tied to a specific point in time which disregards what the situation
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looked like the day or year before the specific article query was made. In order to be
considered longitudinal an identical search process for self-archived articles using the
identical sample of articles should be conducted at multiple points in time, something
which has only been conducted on a small scale in Björk et al (2013) to explore the
permanency of green OA copies.

4.2.3. Manual or automated
Manual data collection
As described earlier, comprehensive readily available indexed data about OA journals
or realized self-archiving has been, and still remains, largely unavailable. Since no
indexing service has reliably been able to register data about journal founding year, OA
initiation year, annual publication volume etc. researchers interested in the profile and
development of OA have been forced to collect and verify such information manually.
The same goes for green OA, many studies have manually looked up potential green OA
copies of articles in order to create usable datasets to base studies on. Due largely to
their direct and straightforward approach, manual data collection methods for studying
OA have been around for at least 15 years and counting.
During the first 10 years of research on OA data collection was mainly manual and
focusing on gold OA. Among the first to explore the gold OA landscape was Wells
(1999) who compiled a list of scholarly OA journals by combining data from several ejournal lists, verifying the status of identified journals by manually visiting the
individual journal websites. In a similar vein Crawford (2002) utilized a manual data
collection process to retrospectively create a longitudinal representation of the early OA
journal publishing landscape, with data spanning from the year 1995 to 2001. The
study used journal listings from The Association of Research Libraries as the starting
point, after which the individual journal websites were visited and data concerning
start/end years and publication data was collected. Morris (2006) took a closer look at
journals listed in the DOAJ by having volunteers manually go through the journal
websites collecting publication metrics. Data was collected for the start year of the
journal, the year of the most recent published article, and the total amount of articles
available. Sotudeh & Horri (2007) studied the longitudinal evolution of WoK indexed
OA journals, with particular emphasis on changes in journal access and access policies.
The authors conducted a thorough retrospective analysis of the journals through
various direct and secondary data sources, which included manually vising past and
present versions of journal websites. Dallmeier-Thiessen et al. (2010) analyzed data for
all active English language journals listed in the DOAJ. The study focused on analyzing
different types of OA publishers and business models. For journals for which indexed
bibliometric data was available the authors used existing external sources, but for a
large portion of the population data was gathered by manually visiting the journal
websites.
Manual data collection studies which also include comprehensive measurements of
green OA exclusively or in addition to gold OA measurements started to appear around
the year 2009. Matsubayashi et al (2009) utilized a manual approach to measure the
degree of OA for biomedical research indexed in PubMed. The authors sampled articles
published during 2005 and looked for full-text copies of the articles through web
services such as PMC, Google, Google Scholar, and OAIster. Björk, Roos & Lauri (2009)
manually collected publication data for a sample of OA journals identified by using
Ulrichsweb.
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There are both benefits and drawbacks to manual data collection. Among the strongest
benefits is the precision with which observations can be collected and classified, i.e.
exact article publication volume (gold OA), type of manuscript (green OA), type of web
location (green OA). Another benefit is the high reliability of the individual
observations, since they have been manually verified and coded as data. The obvious
drawback of manual data collection is the time consuming nature of the approach,
often limiting studies to generalize from samples rather than entire populations.
Automated data collection
Since the data that is of interest to studies about OA is openly available on the web in
one digital form or another, researchers have created ways to automate as much of the
data discovery and retrieval process. Automated web-crawling has been utilized by
researchers to create measurements for OA prevalence, allowing for much larger
sample sizes to be processed compared to manual data collection approaches.
The study that first introduced automated web-crawling into the OA context is Hajjem
et al (2005) which explored the level of green OA for 1,307,038 articles published
between 1992 to 2003 using WoK as the baseline index. Automated web search
requests for the individual articles were sent to Yahoo, Metacrawler, Vivissimo, Eo,
AlltheWeb and Altavista. A multi-level crawling procedure was performed on returned
websites, and file-to-text parsing of potential full-text copies was triggered to
automatically identify available green OA copies on the web. Gargouri et al (2012a)
presents an evolution of this methodology, studying the level of green OA for 107,052
articles selected based on stratified random sampling (year & discipline strata) and
published during 2005-2010, also using WoK as the baseline index. Unfortunately
more detailed documentation about the search, retrieval, and identification process of
the web crawling software is not provided in the study. The most recent example of an
OA study based on automated collection is Archambault et al (2013) which studied gold
OA and green OA levels for 320,000 articles published during 2004-2011, selected
based on stratified random sampling (year). In contrary to the previous studies the
broader Scopus index was used as a baseline in Archambault et al (2013).
Automated data collection has the distinct benefit of being scalable, to the point of
exhaustively covering entire population spanning any number of entries given enough
processing time. Though web crawlers have developed a lot since the early
experimental days, there is still a loss in measurement reliability that means that
manual approaches are still something that has value in parallel to automated
approaches. The most critical issue is correctly classifying copies into gold OA and
green OA, which has become an increasingly complex task as different subtypes such as
hybrid OA and delayed OA that have become more widely established. Another
drawback is the often opaque methodology that automated approaches utilize
regarding the inner workings of the software (e.g. used web search engines, search
criteria). It is of little benefit that full text copies are available on the web if no one can
find them through normal web search workflows. The transparency regarding search
strings, web services utilized, extent of traversal, document parsing, and verification of
retrieved full-text file quality still needs to be improved in order to make such studies
the de-facto method for green OA measurement. Once these aspects, and particularly
proper classification of article observation into gold OA (and its subtypes) and green
OA improve, there will be little need for manual approaches to exist since the benefits
of automated approaches outweigh the most prominent drawbacks.
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4.3. Main sources of data
While the methodologies used for the individual studies are different they share a great
deal with regards to the data sources they use to support their analysis. This section
describes the data sources used for the studies, classified into three main categories.

4.3.1. Bibliographic databases
Ulrichsweb, owned and operated by ProQuest, can be considered the most inclusive
and comprehensive bibliographic database by the number of periodicals (or serials)
included in it. At the time of writing in June 2013 the database includes information
about 300,000 titles. However, a large part of those titles are not peer-reviewed
scholarly journals but includes among other types magazines, newspapers, and
newsletters. As the inclusion criteria are so lax, very specific queries have to be made in
order to exclude non-relevant content for studies focusing on scientific journals
exclusively. The database does not contain comprehensive information about the
number of articles published in each journal, nor any metrics regarding scientific
quality. As such its main utility for the types of studies conducted in this thesis is
extraction of basic data such as journal title, ISSN, publisher, language, and publisher
country. Ulrichsweb requires a paid subscription. (ulrichsweb.com)
Scopus, owned and operated by Elsevier, is the most inclusive database focused on
indexing of peer-reviewed scientific journals at the article level. At the time of writing
Scopus includes around 20,000 active peer-reviewed journals (info.sciverse.com1). The
selection criteria for journals to be included in Scopus are available on Elsevier’s
SciVerse website (info.sciverse.com2). Additional elaboration of Scopus’ journal
evaluation process is available in Kähler (2010). In addition to basic data about
journals, Scopus also includes article metadata and citations for articles published
within each journal. Scopus requires a paid subscription.
Web of Knowledge (WoK), owned and operated by Thomson Reuters, is similarly
to Scopus exclusively focused on indexing of peer-reviewed scientific journals at the
article-level. However, WoK has much more exclusive inclusion criteria for journals
thus making it more limited in the number of titles covered by it. Insight into the
journal selection criteria and process is available at the WoK website (wokinfo.com). At
the time of writing in June 2013 the database includes around 12,000 journals. WoK
requires a paid subscription.
The Directory of Open Access Journals (DOAJ), owned and operated by
Infrastructure Services for Open Access, is the most comprehensive database of open
access journals. Founded in 2003 the DOAJ has been unrivaled in its capability to
index OA journals. At the time of writing in June 2013 the DOAJ included a total of
9592 journals of which 4854 have article-level indexing. The DOAJ is renewing its
inclusion criteria for journals during 2013, information about the process is available at
the DOAJ website (doaj.org). DOAJ is free to use.
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4.3.2. Other web resources
SCImago Journal & Country Rank (Scimago), owned and operated by Scimago
Lab (a division of SRG S.L.), is a web portal providing publishing metrics and
aggregated indicators for journals and countries through a collaboration agreement
with Scopus. SCImago is free to use. (scimagojr.com)
Journal Citation Reports (JCR), owned and operated by Thomson Reuters and
part of the Web of Knowledge analytical tools. JCR are annually updated journal-level
metrics based on citation tracking data collected by WoK for journals included in the
index, enabling quantitative comparisons and relative rankings of journals. Among the
metrics produced is the journal impact factor, which is the average number of citations
received per paper published in that journal during the two preceding years. JCR is
currently the de-facto measure used for gauging relative journal quality. JCR requires a
paid subscription. (thomsonreuters.com2)
SHERPA/RoMEO, owned and operated by the University of Nottingham, aggregates
green OA policies of publishers and journals in order to make the rights retained by
authors easy to understand and comparable across different outlets. Based on the
degree of green OA rights retained by authors journals and publishers are placed into
one of four categories, each category given specific color label for easy interpretation. In
June 2013 the service covered 1250 publishers. SHERPA/RoMEO is free to use and
also provides an open application programming interface in order to facilitate
integration of policy data in different systems such as repositories. (sherpa.ac.uk)
OpenDOAR. The Directory of Open Access Repositories is a curated listing of OA
repositories from around the world developed and operated by the Centre for Research
Communications at the University of Nottingham. In addition to maintaining a listing
of over 2 200 repositories (August 25 2013) OpenDOAR also provides content search
within the repositories, API access as well as expansive repository statistics like e.g
subject comparisons, country comparisons, repository software used etc. OpenDOAR is
free to use. (opendoar.org)
ROAR. Registry of Open Access Repositories is developed an operated by the School of
Electronics and Computer Science at the University of Southampton. Similarly to
OpenDOAR, ROAR maintains a listing of freely accessible OA repositories around the
world. 3479 repositories are currently listed (August 25 2013). ROAR is unique in that
it provides longitudinal statistics for uploaded items to each repository, making it
possible to observe repository growth over time. ROAR is free to use. (roar.eprints.org)
ROARMAP. Registry of Open Access Repositories Mandatory Archiving Policies.
ROARMAP maintains a central listing of institutional and funder OA mandates. The
website makes it easy to obtain policy details and institutional repository URLs for
hundreds of institutions currently included in the service. ROARMAP is free to use.
(roarmap.eprints.org)

42

4.3.3. Manually collected data
Article volumes for OA journals. Because a considerable share of OA journals are not
included in any indexing service that would reliably keep track of their article output,
gathering data is largely a manual task and one of the major practical challenges for the
execution of empirical studies on the development of OA. To conduct the studies
documented in Articles 2 & 3 volume data spanning decades of output was manually
collected for hundreds of journals straight from the journal websites. To facilitate
standardized data input by multiple researchers conducting the data collection a
custom-made software tool was developed to support the process.
OA introduction year for print journals. In addition to the number of articles
published during each year, studies looking back at the development in the numbers of
OA articles and journals published each year need to deal with the fact that the exact
point in time a previously subscription-based journals introduced OA on the web is not
documented reliably in any aggregated index. The studies described in Articles 2 & 3
required manual data collection for the OA introduction year in order to construct a
representative analysis of the development in OA volume retrospectively. Support for
entering this data was also implemented into the data collection software tools used in
the studies.
Web observations of OA status for individual articles. The research
methodology of Article 1 is centered around measurement of OA prevalence by looking
after freely available full-text copies through a web search engine based on article
references drawn out of a bibliographic database. In addition to recording the URL of
any confirmed OA copies of articles the type of OA copy was also classified as well as
the type of location on which the copy was hosted. Support for entering this data was
also implemented into the data collection software tools used in the studies.
Publisher copyright policies. In Article 5 the SHERPA/RoMEO database is
evaluated as being insufficient for the needs of a detailed publisher green OA policy
analysis. In order to ensure data collected through a standardized method specifically
for the purpose of the study documented in Article 5 it was deemed worthwhile to
manually collect and code the green OA policies of the 100 largest publishers in the
Scopus bibliographic index.
Corrected journal metadata. In Article 2 & 3 journal metadata from the DOAJ is
used as the baseline for describing the population of OA journals, and as part of the
data collection process all individual journal websites were visited in order to obtain
confirmation for the 1) year the journal was founded 2) if it was not founded as OA
when did it introduce OA, 3) and article volume data individually for all years for when
publishing OA if such information could not be obtained from any bibliographic index.
The DOAJ has data recorded for the start year and potential OA introduction year,
however, often the data was found to be inaccurate and had to be corrected in order for
the retrospective analysis to be as representative of the past OA availability as possible.
Support for entering this data was also implemented into the data collection software
tools used in the studies.
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4.4. Research designs
This section provides a conceptual description of the research designs used in the
articles of this thesis, both individually but even more importantly how they relate to
each other in terms of strengths, weaknesses and other types of implications.
Article 1, 2, and 3 are most closely related to each other based on the overall aims of the
studies which is to establish measurement for the status of OA (Article 1, both gold OA
and green OA) or longitudinal development of OA journal publishing (Article 2, Article
3, only gold OA). However, how the studies operationalize the aim differs. In an
attempt to communicate the differences between these three studies as intuitively as
possible a categorization into two overall strategies is suggested: Bottom-up, and topdown.


Bottom-up (Article 1)
Individual article observations of OA availability used as main source of
inference. Random articles drawn out of a bibliographic index (Scopus) for
which full-text OA availability is manually queried through a web search engine.
Based on the results findings are weighed based on publishing journal volume
and scientific discipline prevalence. Representation of OA population is not
restricted by what journal are included in the DOAJ.



Top-down (Article 2 & 3)
Bibliographic indexes are used as main source of inference, without inclusion of
individual article observations since OA journal status can be deduced a-priori.
Pre-existing listing of OA journals used as the basis for the analysis (DOAJ)
which is augmented with article volume data for journals obtained from other
bibliographic indexes (Scopus, WoK) and through manual data collection.
Representation of the OA population is defined and limited by the scope of the
DOAJ.

Article 4, which measures the amount of literature available as delayed OA, has a
research design which is not a direct model of either of the above but is rather a simple
explorative approach. In order to compile a representation for the volume of journal
literature made available as delayed OA, the data collection centered around manually
compiling an aggregated listing of journals known for such an OA policy from publisher
databases as well as other web locations. This journal listing was then augmented with
metadata such as article volumes, embargo lengths, and impact factors stemming from
a variety of sources.
Article 5 is unique in its research design in that it does not focus on measuring realized
OA article and journal volume but rather focuses on measuring the potential for growth
there is for green OA based on the restrictions set out by publishers in their copyright
agreements. Here the core concept was to augment pre-existing journal article volumes
and other metadata (Scopus) with manually coded copyright restrictions concerning
self-archiving restrictions (article version, location, embargo, type of web location
allowed) obtained from the publisher websites.
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4.5. Summary
The OA field has been moving rapidly and so have also the tools and resources available
for those researching the phenomenon. Bibliographic databases have become more
comprehensive in the data they can provide, web search engines have become better at
indexing scholarly content, and infrastructures for digital repositories have become
more sophisticated and interconnected. It is not a long stretch to argue that the very
nature of OA as a phenomenon has also been evolving.
The five or so years that span the work put into this thesis has very much been a phase
of experimentation and iterative refinement when it comes to research methods, always
looking for optimal trade-off between achieved measurement accuracy and workload
manageability dictated by limited resources. Most of the dead ends encountered when
experimenting with new approaches to measurement are not documented anywhere
but have been instrumental in refining the methodologies that have led to publishable
studies. This together with the largely manual approaches to data collection, where
observations of gold OA and green OA have been collected first-hand by visiting the
actual web locations where the full-text articles are stored, has given a good
understanding of the diverse OA landscape.

45

5

ARTICLE SUMMARIES

Summaries of articles 1-5 are provided in this chapter. The focus of the summaries is
placed on the methods and results of the studies, please see the full articles in Appendix
1 for relevant literature reviews.
5.1.

Article 1: Open Access to the Scientific Journal Literature: Situation
2009

The study was conducted together with Professor Bo-Christer Björk, Patrik Welling,
Peter Majlender, Turid Hedlund and Gudni Gunason.
The aim of the article was to provide measurement for the proportion of journal
literature published in 2008 for which an OA copy can be located on the web. The study
is broad in scope as it aimed for detailed gold OA and green OA estimates for individual
scientific disciplines as well as across all disciplines combined. No previous study had
provided this type of measurement for either type of OA, let alone covering both in the
same study.
The study adopted a “bottom-up” approach to acquiring detailed measurements for
gold OA and green OA, incorporating an assumption that closely resembles the
practical implication of what OA is for someone looking for a full-text copy of an article;
if an OA copy cannot be found using a basic Google web search, it might as well not
exist. Based on this methodological premise 1,837 articles published during 2008 were
extracted from Scopus and used for conducting manual web searches for freely
available full-text copies of said articles. The methodological approach is an evolution
of the methodology used in Björk, Roos & Lauri (2009). Of interest was not only for
which articles OA copies were available, but also what type of copies they are and on
what type of web location they reside. Of interest for gold OA was whether the article
was published in a full OA journal, published in a journal with delayed OA, or
published as an individual OA article in a subscription-only journal, so called hybrid
OA. For green OA the location of the copy was classed as either institutional repository,
subject repository or other website. Green OA copies were categorized as either being
the exact copy (i.e. publisher version), a personal version (i.e. accepted manuscript), or
a preprint. To support the data collection a software tool was developed in the Visual
Basic for Applications macro language. By triggering web searches based upon article
references and providing easy to use data input fields for the observation data for each
article the tool speeded up the time-consuming task of searching and classifying the
results and also improved methodological consistency across individuals involved in
the data collection process.
The results of the study arrived at a total gold OA share of 8.5% and green OA share of
11.9%, adding up to a total OA share of 20.4% for all journal articles published in 2008.
The study highlighted differences in both OA prevalence and OA profiles between
different disciplines. Chemistry had the lowest share of OA (13%) while Earth sciences
had the highest (33%). Gold OA was the most common form of OA in medicine,
biochemistry and chemistry, while the share of green OA was measured as being the
more common form within all other disciplines. The results for green OA found that a
third of all OA copies were made available on other websites than subject- or
institutional repositories, making their persistent availability uncertain. Further cause
for caution was the finding that over a third of all green OA copies were publisher
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versions. As Article 5 finds, very few publishers allow distribution of the final publisher
version, suggesting that many of the found green OA copies were likely provided in
breach of publisher copyright policies.
This study is important for the existence of this thesis in many respects. Not only does
it provide a broad snapshot measurement for the state of OA during a critical point in
time, but it also marked the author’s own introduction to studying the phenomenon.
For the Information Systems Science research group at Hanken it also initiated more
intensive engagement in empirical studies on OA and scientific journal publishing. The
many insights and lessons learned through this study have guided and informed the
other studies part of this thesis.
Full reference

Björk, B.-C., Welling, P., Laakso, M., Majlender, P., Hedlund, T.,
& Gunason, G. (2010). Open Access to the Scientific Journal
Literature: Situation 2009. PLoS ONE, 5(6), e11273.

Aim of the
article and
linkage to the
aims of the
thesis

The aim of the article is to provide article-level measurement for
the proportion of journal literature published in 2008 for which
an OA copy can be located on the web, recording the document
type, location type, and OA mechanism for any found copies.
The study is directly liked to the aims of the thesis by providing
results for what proportion of scientific journal literature can
actually be found OA, rather than what is made available.

Data and
research
method

A web search engine was used to document the availability of
freely available full-text documents for 1837 article references
for articles published in 2008. Articles were extracted from
Scopus through a method which aimed to achieve a balance
between broad disciplinary and journal title coverage, and
keeping the requirements for manual data collection
manageable.

Contribution

The study provides detailed results, including the prevalence of
different varieties of gold and green OA across nine scientific
disciplines individually. The results show that OA already has a
significant positive impact on the availability of the scientific
journal literature and that there are substantial differences in
uptake across scientific disciplines. The study documents a new
methodology for studying OA, one which is based on data
collection of web observations. Both the methodology and
results offer a good basis for more in-depth and longitudinal
studies.

Table 4 Key facts for Article 1
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5.2. Article 2: The Development of Open Access Journal Publishing from
1993 to 2009
The study was conducted together with Patrik Welling, Helena Bukvova, Linus Nyman,
Professor Bo-Christer Björk and Turid Hedlund.
The aim of the article was to measure the longitudinal development in the number of
OA journals and the number of articles they have published for the years 1993 to 2009.
Since studying retrospective longitudinal development of OA was impossible by
utilizing the methodological approach used in Article 1 this study was based on a
completely different approach. In contrast to the study described in Article 1, this study
adopted a “top-down” approach to acquiring measurement for the prevalence of full
journal immediate gold OA; rather than using a set of randomly selected articles drawn
out from a bibliographic index and looking for OA copies through a web search engine
this study simply approaches the issue by straightforwardly basing the results on
annual outputs of articles by known OA journals.
Since a central listing of OA journals already existed, the DOAJ, the challenge was
obtaining the annual publication volumes for the journals to construct an analysis of
longitudinal development. Since only a minority of OA journals had such data available
anywhere, this was largely a manual effort to count individual articles published during
specific years. Size-based stratified random sampling was used to extract journal titles
belonging to both large-volume and low-volume journals from the DOAJ. Longitudinal
article volume data was collected for 565 journals through manual data collection and
aggregation of data available in Scopus and WoK. Like the study in Article 1, a software
tool was developed in the Visual Basic for Applications macro language to support the
data collection. A user interface was developed into which data collectors easily could
enter annual publication volumes for journals part of the sample, as well as additional
metadata such as confirmation of the OA origin of the journal (subscription journal
converted to OA or a journal born as OA).
The study provided some of the most comprehensive empirical data available regarding
OA journal publishing. The results document a steady and rapid growth in OA journal
publishing during 1993-2009, with the average year-on-year growth during that time
period being 30% for the number of articles and 18% for the number of journals. The
growth had been supported by both subscription journals converting to OA as well as
large numbers of journals being founded as OA from the start. The average number of
articles per OA journal was also found to have grown from 12.5 to 40.2 articles over the
same time period. For articles published in 2009 the study produced an estimate of 191
851 articles published across 4,767 OA journals.
Most previous studies had only measured OA publishing volumes for one specific year
at a time, often with a custom methodology making meta-studies or comparisons
impossible. However, this study utilized a consistent and transparent methodology to
measure the historical development of OA publishing. By focusing on full journal gold
OA exclusively the study was able to focus the research design and all data collection
effort on exploring that publication segment as thoroughly as possible.
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Full reference

Laakso, M., Welling, P., Bukvova, H., Nyman, L., Björk, B.-C., &
Hedlund, T. (2011). The Development of Open Access Journal
Publishing from 1993 to 2009. PLoS ONE, 6(6), e20961.

Aim of the
article and
linkage to the
aims of the
thesis

The aim of the article was to measure the longitudinal
development in the number of OA journals and the number of
articles they have published in the years 1993 to 2009. This
study is directly linked to the aims of the thesis since journals
publishing all their articles OA immediately on the journal
website are a key component of the OA phenomenon.

Data and
research
method

Size-based stratified random sampling was used to extract
journal titles belonging to both large-volume and low-volume
journals from the DOAJ. Longitudinal article volume data was
collected for 565 journals through manual data collection and
aggregation of data available in Scopus and WoK.

Contribution

The study utilized a consistent and transparent methodology to
measure the development of OA publishing during the initial
phases of OA adoption. Most previous studies had only
measured OA publishing volumes for one specific year at a time,
often with a custom methodology making meta-studies or
comparisons impossible. The study provided some of the most
comprehensive empirical data available regarding OA journal
publishing.

Table 5 Key facts for Article 2
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5.3. Article 3: Anatomy of open access publishing: a study of longitudinal
development and internal structure
Study conducted together with Professor Bo-Christer Björk.
The aim of the article was to provide a longitudinal volume measurement of OA
journals and articles published for the years 2000 to 2011, as well as a business model
analysis for articles published by OA journals. The early years of OA publishing were
covered as part of Article 2, this study aimed to enhance the development analysis
spanning the most recent decade. Business models of OA publishing were explored by
linking together the journal and article volume data with data describing which OA
journals fund their activities through APCs. Additionally the study aggregated data
from compatible longitudinal studies of other types of gold OA (hybrid OA as provided
by Björk (2012), and delayed OA as provided in Article 4) in order to explore how the
relative share of gold OA as part of all journal literature had evolved through the years.
The study built upon the methodological foundation outlined by Article 2, expanding
the longitudinal coverage and increasing the sample size and estimate precision. Sizebased stratified random sampling was used to extract journal titles belonging to both
large-volume and low-volume journals from the DOAJ. Longitudinal article volume
data was collected for 787 journals through manual data collection and aggregation of
data available in Scopus and WoK.
Approximately 17% of the 1.66 million articles published during 2011 and indexed in
Scopus were available OA through journal publishers, most articles immediately (12%)
but some within 12 months of publication (5%). The results suggested that the
sustained rapid growth OA publishing saw during 2008-2011 was largely fueled by
articles funded by commercial publishers through the author-pays business model.
Full reference

Laakso, M., & Björk, B.-C. (2012). Anatomy of open access
publishing: a study of longitudinal development and internal
structure. BMC Medicine, 10:124

Aim of the
article and
linkage to the
aims of the
thesis

The aim of the article was to provide a longitudinal volume
measurement of OA journals and articles published for the years
2000 to 2011. Business models of OA publishing were also
explored by studying OA journals which fund their activities
through article proccessing charges. This study is directly linked
to the aims of the thesis by providing measurement for OA
journal publishing during a period of aggressive growth.

Data and
research
method

Size-based stratified random sampling was used to extract
journal titles belonging to both large-volume and low-volume
journals from the DOAJ. Longitudinal article volume data was
collected for 787 journals through manual data collection and
aggregation of data available in Scopus and WoK.

Contribution

The study builds upon the methodological foundation laid by
Laakso et al. (2011), expanding the longitudinal coverage and
increasing the sample size and estimate precision. The results of
the business model analysis suggest that the growth OA
publishing saw during 2008-2011 was largely fueled by articles
funded by the author-pays business model.

Table 6 Key facts for Article 3
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5.4. Article 4: Delayed open access: An overlooked highimpact category
of openly available scientific literature
Study conducted together with Professor Bo-Christer Björk.
The aim of this article was to provide comprehensive measurement for the amount of
journals which publish their article content OA with a delay as well as analyze the
relative scientific quality of such journals compared with full immediate OA journals
and subscription-based journals. This was a “top-down” study much like Article 2 & 3,
which instead of looking at full immediate gold OA journals focuses exclusively on
delayed OA. Delayed OA had not garnered much attention or studies outside of limited
measurements in parts of larger studies, like those provided in Björk, Roos & Lauri
(2009) and Article 1. The article contributes to the thesis by providing a dedicated
study of an often overlooked body of OA literature. Delayed OA also relates to
subscription journal business models in the sense that many journals do not see
delayed OA as a significant threat to their subscription income, or alternatively
outweigh that drawback to be of less importance than the benefits the journal enjoys by
having the content openly available, for instance in the form of increased readership
and citations.
While Article 2 & 3 started with the DOAJ listing of full immediate OA journals as a
baseline population this study started by performing an explorative phase of compiling
an aggregated listing of delayed OA journals from various publicly available sources on
the Internet. In addition to a few titles which were known to be delayed OA by the
authors, HighWire Press, Elsevier, PMC, Wikipedia listings for journals matching the
criteria of providing their full article content as delayed OA were utilized. For the
second step of the data collection process, article volume data for the identified
journals was gathered from three different sources in the following order of priority
and availability: WoK, Scopus, and manual article counting for journals not covered by
either index.
As a result of the study 492 journals fulfilling the criteria for delayed OA were
identified, publishing a combined total of 111,312 articles in 2011. 78% of these articles
were made OA within 12 months from publication, with 85% being available within 24
months. A journal impact factor analysis revealed that delayed OA journals have
citation rates on average twice as high as those of closed subscription journals and
three times as high as immediate OA journals. The results demonstrated that delayed
OA journals constitute an important segment of the openly available scholarly journal
literature, both by their sheer article volume and by including a substantial proportion
of high-impact journals.
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Full reference

Laakso, M., & Björk, B.-C. (2013). Delayed open access: An
overlooked highimpact category of openly available scientific
literature. Journal of the American Society for Information
Science, 64(7), 1323–1329.

Aim of the
article and
linkage to the
aims of the
thesis

The aim of this article was to provide comprehensive
measurement for the amount of journals which publish their
article content OA with a delay, as well as their article volumes.
This OA mechanism had been largely overlooked in previous
studies and little is known about the charachteristics of this type
of OA. This study is directly linked to the aims of this thesis as
delayed OA is an important mechanism for making otherwise
restricted content freely available.

Data and
research
method

Since no comprehensive delayed OA journal list was available,
the study compiled a standardized listing by extracting relevant
data from publicly available sources (HighWire Press, Elsevier,
PMC, Wikipedia) and titles known to be delayed OA a-priori.
This body of literature was then analysed for publication
volumes in terms of journals and articles, embargo lengths, and
citation rates.

Contribution

The results suggest that journals providing their content OA
through a delay are commonly high-impact and high-volume
journals placing a 12 month delay on the content. The journal
listing compiled as the result of the study can be used as baseline
for extending the study in the future.

Table 7 Key facts for Article 4
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5.5.

Article 5: Green open access policies of scholarly journal publishers:
a study of what, when, and where self-archiving is allowed

The aim of the article was to study the degree to which scientific journal articles
published in subscription-based journals could be provided OA through publisherpermitted uploading to freely accessible web locations. Focus was on what type of
article manuscripts were allowed to be made available at what type of web locations,
and the length of any potential embargos restricting upload of said documents. This
study is directly linked to the aims of this thesis by providing comprehensive
measurements for understanding to what degree journal publishers currently support
green OA in their policies. Use of the SHERPA/RoMEO publisher policy database was
considered as the main source of data like similar studies have done in the past.
However, while the database is the most comprehensive service of its kind it, the
database is currently too limited for obtaining accurate results considering the level
detail needed for the study. To ensure the quality and the reliability of the results the
decision was made to primarily consult each of the 100 publisher websites directly
through a manual data collection approach.
The study combined article volume data originating from the Scopus bibliographic
index with manually coded publisher policies of the 100 largest journal publishers
measured by article output volume for the year 2010. A standardized procedure was
developed to enable coding of the publisher policies. The coding was done for a
maximum of three different article versions per publisher based on what can be
uploaded (preprint, accepted version, publisher version). The coding of each article
version was then supplemented with coding for when article versions are allowed to be
uploaded (upon publication, some specified time after publication), as well as where
(author website, institutional repository, subject repository, other websites). Having
the data set on this level of granularity enabled the results to be calculated on the
article, journal, and publisher level for all three main green OA article types. The
publishers included in the analysis, the 100 largest publishers by article output in 2010,
published a combined 1,150,827 articles in 8,578 journals. This equates to 68% of all
articles and 49% of all journals included in Scopus for the year 2010.
The results indicated that it is permitted for nearly half of all articles (548,718) to
upload an accepted manuscript or publisher version to an institutional or subject
repository immediately upon publication with the share rising to a cumulative 80% of
all articles after 12 months of publication (924,725). Only 2% (24,188) of the articles
would be eligble after a longer embargo. The results are the most comprehensive of
their kind and should be useful for better understanding the current climate regarding
green OA among journal publishers. The findings are also valuable when contrasted to
existing and future studies on realized green OA in order to grasp the degree of
unutilized potential for policy-compliant uploading.
This study complements a summarizing study on green OA from the Hanken OA
research group that is not part of this thesis (Björk et al 2013), contrasting the gap
between realized green OA and remaining unused potential.
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Full reference

Laakso, M. (2014). Green open access policies of scholarly
journal publishers: a study of what, when, and where selfarchiving is allowed. Scientometrics, 99(2), 475–494.

Aim of the
article and
linkage to the
aims of the
thesis

The aim of the article was to study the degree to which scientific
journal articles published in subscription-based journals could
be provided OA through publisher-permitted uploading to freely
accessible web locations. Focus was on what type of article
manuscripts are allowed to be made available at what type of
web locations, and the length of any potential embargos
restricting upload of said documents. This study is directly
linked to the aims of this thesis by providing comprehensive
measurements for understanding to what degree journal
publishers currently support green OA in their policies.

Data and
research
method

The study combined article volume data originating from the
Scopus bibliographic database with manually coded publisher
policies of the 100 largest journal publishers measured by article
output volume for the year 2010. The results are calculated on
the article, journal, and publisher level.

Contribution

The results are the most comprehensive of their kind and should
be useful for better understanding the current climate regarding
green OA among journal publishers. The findings are also
valuable when contrasted to existing and future studies on
realized green OA in order to grasp the degree of unutilized
potential for policy-compliant upload.

Table 8 Key facts for Article 5
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6

CONCLUSIONS

6.1.

Main results & fulfillment of research aims

The previous chapter presented the results of the individual studies as part of the
article summaries. The purpose of this section is to highlight the main results
holistically across the studies. Since the studies were conducted over the span of several
years and measured OA by using different methods there are both temporal and
methodological considerations that need to be taken into account in considering the
studies collectively.
In the introductory chapter the aims of the thesis were defined explicitly, with the main
aim of the thesis being:
“…explore, measure, and analyze the uptake of OA in the context of scientific journal publishing.
The aim is to enhance the knowledge about the extent of OA content based on empirical data
covering both journal-mediated (gold OA) and indirect mechanisms (green OA) so that the
historical development, current situation, and future potential can be better understood.”

As a whole this aim can be argued to have been collectively fulfilled through the results
produced by the individual studies presented in articles 1-5.
The number of articles published per year in OA journals has been
increasing non-stop since 1993. Article 1 concluded that the overall share of
articles published in full OA journals during 2008 (with data collected in 2009) was
5.3%, utilizing Scopus as the baseline index. In its measurement of the share of journal
articles available as OA through full OA journals article 2, with data collection done in
2010, came to the result that 6.8% of the articles published in 2009 as indexed by
Scopus were in full OA journals. Concluding the measurements on full journal OA
through Scopus is article 3 which suggested a figure of 11% for articles published in
2011, as measured in 2012. While the numbers suggest a growth exceeding 100% in
market share between 2008 and 2011 it is important to acknowledge the variables that
do not stay fixed between the studies and the years observed. The research designs
differ between article 1 and articles 2 & 3, a more lengthy description of how was
provided in the methods chapter. Furthermore, Scopus and the DOAJ are not static
data sources, they are both continually evolving in terms of journal publication
coverage (the DOAJ more rapidly so). Lastly, the amount of journal articles produced
annually is not a static number, having seen annual year-on-year increases of around
3% according to Ware & Mabe (2012), meaning that even a static OA share of articles
published in full OA journals percentagewise still entails an increase of thousands of
articles in real numbers.
Recent OA growth has been supported by rapid adoption of the authorpays business model. Article 3 explored the share of OA articles that are published
through use of APCs. Up until 2005 APCs had a fairly marginal presence in the OA
landscape with most of the OA article output originating from past subscription-only
journals, which had started to provide OA to articles online. However, the results of
article 3 indicate that OA journals charging APCs have been the major contributor to
the growth in OA journal publication volume in recent years, to the point of more
articles having been published through APC payment than without in 2011. Hybrid OA
measurement has not constituted a major part of any of the articles included in this
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thesis, however, other studies have shown that the business model has started to grow
from essentially nothing in 2004 to accounting for around 12,000 articles in 2011
(Björk 2012).
Delayed OA journals are generally high volume in output and of high
scientific quality. Article 4 which focused on the population of subscription-based
journals which make their full article output OA with a delay, a share of the OA journal
literature not properly acknowledged and quantified in any previous study. The results
found that the 492 journals identified of conducting this practice output a total volume
of articles exceeding 111,000 in 2011, of which 78% were made OA on the journal
website at the latest at 12 months past publication. Based on an analysis of JCR impact
factors for the journals, the average frequency of citations to articles published in
delayed OA journals exceed both those of full OA journals, and subscription-based
journals.
Green OA has a lot of unused potential to grow. Article 5 focused on the green
OA policies of journal publishers and revealed that there is a substantial gap between
what publishers allow authors to do with their articles and manuscripts, and the degree
to which authors actually act upon these liberties to make their published work
available OA (as evidenced by green OA uptake studies, e.g. article 1). The study (which
included the top 100 publishers by output volume in Scopus for the year 2010) came to
the conclusion that 80% of the 1.1 million articles included in the analysis could be
made available either as accepted manuscripts or publisher versions at institutional or
subject repositories at latest within a year from publication. Though publisher policies
are not set in stone and could change at any time there is at least for now a lot of
unused “free” OA to enable by making authors act upon their rights.
The secondary aim of the thesis was defined as:
“…to develop OA measurement methods that at the same time are both accurate enough in terms
of measurement precision and cost-effective enough in terms of resources needed.”

The most prominent results corresponding to this aim include the following:
Stratified sampling methodologies. Articles 1-3 introduced stratified sampling
methodologies as part of efforts to cope with large populations, partial data coverage,
and limited sampling capacity. Since there are such substantial differences in journal
article output volume completely random sampling is not a recommended approach for
studies desiring analysis of journal publishing at the article-level. Since bibliographic
indexes can be assumed to cover the largest journals in their scope their reliable and
readily available data should be leveraged where possible, resorting to manual data
collection only as a last resort.
IT support for data collection. Articles 1-3 required data to be collected manually
through observations from journal websites. Since the data collection processes were
distributed across a small group of researchers there was a need to standardize the data
collection workflow and input data. To support this process the functional
requirements of a software tool were formulated and iterated upon numerous times by
the research group. Without the support provided by the data collection tool data
management would have been a much more complicated process than it turned out to
be. For any distributed manual data collection needs, in the context of OA studies or
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not, a similar tool should be utilized which enables scalable standardized data
collection (or crowdsourcing).
Quantifying publisher policies. Article 5 presents a methodological bridging
between diversely formulated journal publisher policies regarding green OA policies
and journal article output extracted from Scopus. The coding framework and data
analysis process description should be of value to any future update or extension of the
study, even if the actual results of the study at some point will become out of date to be
of use to support an understanding of the current green OA policy landscape,.
6.2. Discussion
This thesis deals with measurements of OA as it developed in the past, as it exists
today, and by shedding light on parts of the unrealized potential there is for growth in
the near future. During the last two decades OA has emerged through a mix of ideology,
behavior, technology, policy, and business. These factors have aligned and fueled the
rapid development of the phenomenon, both with regards to journal publishing and
self-archiving. The timing of this thesis has been ideal in the sense that the
measurements document a very clear shift between OA being a marginal activity to
being used as the foundation for widely adopted disruptive business models as well as
an increasingly used way for individual scholars to distribute their published and
unpublished manuscripts. Prior to the first study included in this thesis, article 1, there
were few comprehensive measurements of the state of OA, which was the gap in
research the study and whole thesis aimed to fill. Through the research process the
initial broad snapshot measurement has been complemented with longitudinal and indepth studies focusing more intensively on specific sub-areas of OA.
The results of the studies strongly speak for OA coming of age. Disruptive innovations
are often surrounded by hype before widespread adoption, and in many cases the real
world experiences fail to meet the high expectations painted up in the early visionary
stages. For OA the initial hype has been met with a strong presence of high-quality
research made available free for anyone to access. The notion of authors, or their
institutions/research funders, paying for articles to fund publishing is a fundamental
change in the business models of scientific journals, but one that is gaining large-scale
acceptance.
The scientific journal publishing context is unique and differs in some important ways
from other media industries, and that is what has made studying the adoption of the
disruptive innovation of OA challenging but also very interesting. The goal with the
introduction of this thesis was to highlight the main factors that are central to
understanding the context of OA measurement and the factors that influence both the
tools available for conducting the measurement as well as the interpretation of the
results.
Despite OA coming a long way during the last two decades there are still many aspects
that offer room for improvement. Based on the positive reception many of the articles
included in this thesis have received by the scholarly community there is, and will likely
continue to be, demand for metrics describing the development of OA. Work is still
needed in order to facilitate better measurement of OA in all its varieties. Indexing is
strongly related to measuring. Since automated measurement can usually be performed
on indexed content, more comprehensive indexing of content provided as OA would
facilitate real time measuring. Currently about half of all OA journals listed in the
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DOAJ provide automated article-level indexing of their content, in order for that figure
to substantially increase the websites on which the journals reside need to be updated
in order to comply with modern web and indexing standards.
Will OA one day become a mainstream form of journal publishing? From the
indications provided by the studies in this thesis it is probably only a matter of time.
New journals take time to gain impact factors in order to become equal competitors to
subscription-based alternatives, and mechanisms for APC funding need to be
implemented at various levels in order to ensure that funding is not the obstacle for
publishing in high quality OA journals. Authors need to be made more aware of the
possibilities and benefits available to them through self-archiving old and new articles
they have authored. Academic libraries need to become even more proactive in
facilitating green OA archival by pushing for institutional OA mandates.
6.3. Contributions to research
The thesis offers multiple contributions to research, particularly concerning furthering
the development of methods for measuring different aspects of scientific journal
publishing. In contrast to most early research about OA, all studies in this thesis
present results based on article-level analysis. Compared to measurements limited to
the journal level, article-level analysis enables a more granular approach that takes into
account the substantial size differences in article output volume across journals.
Article 1 describes the functionality of a novel software tool, data sampling strategy,
and data collection process that enables estimation of the share of OA as part of all
published journal articles during a specific year.
Articles 2 & 3 describe a novel data sampling strategy to construct a longitudinal
measurement for the development of gold OA publishing in full OA journals.
Article 4 describes how data was retrieved and aggregated from multiple openly
available sources on the web to produce the most comprehensive delayed OA analysis
available so far.
Article 5 presents a unique method for studying the support for green OA by manually
coding the contents of journal publisher policies and analyzing publisher article
volumes through the coded publisher policy data.
What all of these methods have in common is that they are based on labor-intensive
manual data collection and coding. Care has been taken to ensure that each data source
and individual step in the methodological process is thoroughly described within the
articles to facilitate repeatability and potential extension of the studies by other
researchers.
As a kind of quantified proxy measurement to the research contribution it warrants
mentioning that the articles included in the thesis have already garnered a total of over
400 citations according to Google Scholar (20th March 2014).
6.4. Contributions to practice
The research described in this thesis has a very prominent practical dimension. Since
the studies provide measurements and estimates describing a commercial industry
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some of the results are similar to those that come as output of thorough market
research.
The development and uptake of OA in all its varieties should be of interest to all
stakeholders related to scientific journal publishing. Journal publishers should find the
results particularly relevant since OA is both a threat and a possibility for business. By
proxy of studying the share of OA articles published by payment of APCs the results
describe the adoption of new business models in the scientific publishing industry.
The studies can also be used as decision-support in policy formulation at various levels.
Where other journal publishing stakeholders can react more rapidly, publishers on
financial quarter-to-quarter basis, submitting authors on an article-to-article basis,
policymakers need to have more long term and persistent decisions in place. As there
have been relatively few other studies on the development of OA on an equal scale the
results provided in the articles should provide insight for making informed strategic
decisions for forming the future. Not suggesting that any of the results of the articles
included in this thesis have been used for said purposes, the OA policy formulation that
is ongoing in e.g. the US by the Obama Administration, in the UK by Research Councils
UK, as well as in Finland by the Ministry and individual universities, metrics regarding
the historical development, current status, and future growth potential of OA could be
seen as helpful when formulating strategies for tomorrow.
As a kind of quantified proxy measurement to the practical contribution it warrants
mentioning that the articles included in the thesis have garnered a total of over 98,000
article views according to access metrics available on the publisher webpages for article
1, 2, and 3 (20th March 2014).
6.5. Critical view of the thesis
Limitations
The limitation which applies to most of the articles which are part of this thesis is the
fact that they are all based on different types of sampling, never having the full,
confirmed and complete population to analyze in order to be able to generalize to the
full journal publishing landscape without any level of uncertainty. While attempts at
minimizing the drawbacks of sampling have been performed by utilizing strategically
selected sampling strategies, there is no escaping the uncertainty introduced by not
having each result output accounted for by their own particular observation in the data.
The main obstacle for expanding the data collection is the fact that the methodologies
are based on manual data collection, the resources needed for having someone
manually going through either all published articles during a specific year through a
web search engine or manually counting the articles published by thousands of OA
journals which do not index their output anywhere are outside the reach of any smallscale research project.
For articles 4 and 5 the reason for partial data coverage is related to the lack of
available data. Article 4, which presents an analysis of delayed OA journal literature,
can not be assumed to be all journals with this specific policy despite drawing together
data from central listings. Article 5 which analyses the publisher policies of the 100
largest publishers by article output is limited by the fact that it only includes said 100
publishers in the analysis. However, during the study it was discovered that many
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publishers beyond the 100 largest do not have any explicit policies to analyze, thus an
extension of the study seems problematic.
Central issues
Though the concept of OA is very simple at its core, i.e. having journal articles free for
anyone to access, the terminology and definitions relating to OA have been and still are
the main hurdles for unambiguous research and discussion on the topic. When
different authors write about OA they might be implying different things under the
terminological umbrella, intentionally or unintentionally (Suber 2008). Even single
authors vary their labeling of OA: This author has defined OA subsets slightly
differently across articles 1-5 since the articles span over four years of writing and the
concept of OA has evolved in that time and more descriptive definitions have become
available to describe concepts new and old.
One could argue that the passage of time has made the division and labeling of OA into
green and gold cumbersome in efficiently conveying the implications of the underlying
concepts. Is the implication that gold OA is more valuable than green OA? Since the
origin of the term green OA stems from publishers giving the green light to selfarchiving, should then all copyright-breaching self-archiving then be placed into some
third category rather than be labeled as green OA? Since the lines between full OA
journals and subscription journals have been blurred by concepts such as hybrid OA
and delayed OA it might at this point make more sense to simply talk about journalmediated and author-mediated OA rather than gold OA and green OA.
There are also intentional differences in what is considered OA in the first place.
According to some Gratis OA is not open enough, and Libre OA should be considered
the only form of future-proof sustainable OA (e.g. according to the original BOAI
definition). Delayed OA can under similar circumstances be questioned as a fully
recognized form of OA since the access is not immediate and licensing might or might
not be Libre. Inclusion of copyright breaching green OA or promotional OA,
particularly in the context of OA measurement studies, has also been an area of debate.
Regardless of what definitions are used, including or excluding particular segments of
literature openly available on the web, studies should take care in providing detailed
descriptions for what parts of the literature might be excluded a-priori and strive
towards providing detailed breakdowns for various OA subsets among the results.
While there is great benefit in having OA measurement studies done through
automated methods using scalable massive web crawling (e.g. Archambault 2013:
Gargouri et al 2012a), sheer quantity should be balanced with quality and granularity in
obtained metrics in order to gain a better understanding for the dynamics and
longitudinal development of various OA mechanisms and subsets.
Suggestions for further research
The majority of the time devoted to the research contained in this thesis has been spent
on evaluation of various sampling strategies, conducting manual data collection, and
experimenting with data analysis. This is an aspect related to the many unknowns on
how to best create useful measurements of large volumes of spotty data with limited
resources. As the research concerning OA from a quantitative perspective has adopted
various different methods the results are not always comparable. It would be
recommended to establish more common ground in order to focus efforts in a more
concentrated cumulative fashion.
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Since the JCR journal impact factors are held in such a high regard and are too deeply
integrated into academic culture and research assessment schemes to make their
existence irrelevant any time soon, it could easily be argued to be in the interest of most
journals to not place access barriers hindering interested readers to potentially cite
content. The absolute top journals can disregard such ideas since most researchers in
the field will have access paid for to grant access to the vital resource, but large
publishers sit on hundreds of journals which would likely see journal ranking benefits
in opening up access to content after a set embargo. It would be interesting to study the
reasoning for why publishers refrain from providing delayed OA to the bulk of their
journal portfolios, and research the influence delayed OA could have on article usage
and journal rankings among a large sample of diverse journals.
New ways of self-archiving and distributing articles have become available for scholars
through the rising popularity of academic social networks, blending the services of
repositories and author websites on third party commercial IT platforms, e.g.
ResearchGate, Mendeley. In such environments full text articles can be made available
for other registered users, so technically they do not offer unrestricted OA but they are
nevertheless alternative ways to access published research without payment. These
types of services have received relatively low research attention despite becoming
popular among scholars. It would be interesting to see a more through exploration of
the implications involved with uploading manuscripts to such services. Based on the
data collection for Article 5 it became apparent that publisher policies seldom specify
upload restrictions to such services, however, many publisher policies explicitly
prohibit manuscripts to be made available on 3rd party commercial services which such
websites might be categorized as depending on interpretation.
Though many lessons learned and viable methodological alternatives are described
within the articles, the obstacle of manual data collection is something which needs to
be lessened in order to enable as many as possible to utilize, contribute to, and analyze
data related to scientific journal publishing. Exploring the development of automated
mechanisms for continuously measuring OA of all varieties would reduce the reliance
on labor-intensive snapshot studies with limited reuse value. Investing time and effort
into construction of a sustainable infrastructure and standardized approaches for
monitoring OA bibliometric data would likely be an interesting research effort with
both practical and research utility now and in the future.

OA declaration
Of the five articles included in this thesis three have been published in full OA journals,
and the rest has been or will be uploaded as a green OA copy to the authors
institutional repository.
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The second stage in this revolution is access to articles without
any restrictions posed by subscriptions, commonly referred to as
Open Access [2]. Open Access emerged in the early 1990s,
triggered by the possibilities offered by the web, but also partly as a
reaction to the so-called ‘‘serials crisis’’ [3] of subscription prices,
which seemed to be constantly rising faster than the rate of
inflation. In the early days most Open Access journals were smallscale individual operations run by groups or individual scientists,
much in the same spirit as Open Source Software projects [4].
After the year 2000 an increasing number of professional Open
Access publishers have emerged. (i.e. BioMedCentral, Public
Library of Science, Hindawi, Bentham Open). These publishers
typically finance their operations by publication charges levied on
the authors of the articles, reversing the business model from being
content sellers to being dissemination service providers, making
the authors their clients rather than the readers. Today the
number of OA peer reviewed journals is around 5000 (well
documented in the Directory of Open Access journals, DOAJ). In
addition to journals which are fully 100% Open Access, there are

Introduction
The emerging phenomenon of Open Access
During the past two decades, scientific journal publishing has
undergone a veritable revolution, enabled by the emergence of the
World Wide Web. This revolution contains two interconnected
phases. The first, and to date most visible, is the rapid shift from
print only journals to parallel print and electronic publishing [1].
Ten years ago scholars and scientists did almost all their reading
from paper journal issues, obtained as personal copies, circulating
inside their organisations, or by retrieving the issues from library
archives. Today the predominating mode is to download a digital
copy and either read it directly off the screen or as a printout. This
has been facilitated by publishers’ electronic licensing to bundles of
journals (‘‘big deals’’) and awareness tools such as emails
containing tables-of-content of new issues of favourite journals.
Today the average researcher at a university has instant access to a
much broader range of journal articles than ever before during the
print era.
PLoS ONE | www.plosone.org
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other journals which operate via subscriptions as mainstream
journals do, but which offer open access to the electronic versions
of their articles after a delay of usually a year, or selectively for
individual articles provided the authors have paid an additional
charge to ‘‘open up’’ the articles.
Open Access journals provide one solution to the problem of
restricted access to results of publicly funded research. The other is
supplementing the dominant subscription-based literature by free
copies of the manuscripts, posted by the authors or their
institutions on different types of web sites. In the early days the
home pages of the authors or their departments was the typical
place, and often the only place, to put such copies. Today digital
copies are increasingly posted in subject-specific repositories such
as the renowned arXiv, which started out focused on physics
papers but has since expanded its disciplinary scope, or
alternatively in repositories maintained by individual universities
for providing archiving and access to the output of their faculty. A
majority of international publishers actually allow the posting of
some versions of published articles, sometimes after a delay, in
such repositories. This latter solution to the access problem is often
by OA activists called the ‘‘green route’’ as opposed to the ‘‘gold
route’’ of direct OA journal publishing [5]. Green copies come in a
number of variations of decreasing value to the readers. The most
useful ones are direct digital copies or scanned-in versions of the
articles as published [6]. Most publishers prefer to allow posting of
the authors manuscripts after acceptance for publication, but
before final copy-editing and pagination. The author manuscripts
as originally submitted for peer review differ the most from the
final published articles. In a few scientific disciplines, such as
physics or economics, there are long-standing traditions of
circulating such copies widely via preprint servers, or as so-called
working papers [7].
Over the past fifteen years there has been a lot of debate about
the economics of OA versus subscription based publishing [8], as
well as about the advantages and disadvantages of gold OA
publishing versus green parallel publishing. Proponents have
emphasised the direct cost savings that can be obtained by OA in
the publishing system and also the positive indirect effects on R&D
thanks to increased access [9]. There have also been several studies
showing that openly available articles are cited more by peers [10],
[11], [12], which provides a strong incentive for authors to post
green copies. Opponents have warned of possible dangers to the
peer review process and its level of quality control if publishers are
forced to move to OA.
A central question many policymakers ask is consequently how
common Open Access is today and how fast the share of OA is
increasing? What proportion of journal articles are OA and to
what extent do researchers post OA copies in repositories?
Accurate answers to such questions would be very valuable for
instance for research funders, university administrators and
publishers. The purpose of the study reported on in this paper is
to provide answers to this type of questions.

N
N
N

All these methods suffer from limitations. On average OA
journals publish far fewer articles per annum than subscription
based ones [15], and thus the share of OA articles in the total
global article volume is much lower than the share of titles. The
criteria for inclusion in DOAJ and Ulrich’s might also differ, so
that the number of journals may not be directly comparable. The
share of existing OA journals which have been reported in DOAJ
has also changed over time. Counting the number of documents in
repositories may tell a lot about the growth of the repositories, but
the numbers cannot usually easily distinguish between copies of
articles published elsewhere and a wide range of other materials
(theses, working papers, research data, teaching material etc). The
OA figures obtained for a few select narrow disciplines are
interesting but don’t give the broad picture. Often many journals
even in the said disciplines are not included in the sample. This
method also works better for green copies than for gold OA. Web
Robots offer a very cost-effective way of identifying copies but are
prone to mistakes of many sorts, and it is very difficult to classify
the found copies into types. The most precise and comprehensive
method is manual checking of titles obtained from general
indexing services. The downside of this method is that the amount
of work is considerable and increases in direct proportion to the
number of articles in the sample.

Aim of this study
Our objective in this study was to make a rigorous assessment of
the overall share of the peer reviewed article literature, which is
available as OA, either published directly or made available as
copies in different sorts of repositories. Furthermore, the variations
in the OA availability based on the scientific discipline was also of
interest, as well as the breakdown of the available OA copies into
types of gold or green publishing and also based on the quality of
the copy for green.

Materials and Methods
Research set-up
Our methodology was based on making random samples of
articles and then testing for the availability of OA copies using the
most widely used web search engine (Google). The research set-up
was in line with an earlier study we carried out in the winter of
2008 [15], but was for this study more systematic and more
comprehensive.
The central research question was: Given a set of peer reviewed
journal articles fulfilling some given criteria, what proportion can
be found openly on the web, either published directly in open
access journals, in journals practicing delayed or selective OA
publishing, or via copies posted on the web.

Earlier research
Although some estimates of OA prevalence have been published
over the last few years, there is a clear need for rigorously
conducted and up-to-date studies. So far the volume of OA has
been studied for instance in the following ways.

N

For gold OA publishing it has been possible to establish an
overall share of OA journals by comparing the number of OA
journals listed in the DOAJ index to the total number of active
peer reviewed scholarly journals listed in the Ulrich’s
Periodicals directory.
PLoS ONE | www.plosone.org

For green OA there are directories (DOAR, ROAR) listing
repositories and statistics of how many documents these
contain.
For particular limited disciplines it is possible to take the
content in a few leading journals and check the availability of
OA copies using web search robots and manual checking for
full-text copies [13].
Broader studies can be conducted using discipline-specific or
global samples using article titles taken from indexing services
(ISI, Scopus or Pubmed) which are then searched for using
popular web search engines [14].
For larger masses of articles the availability of full text versions
OA can be checked by web crawling robots [10] that are fed
by article titles from indexing services.
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Central to our research design was measuring OA prevalence
on an article basis, not on calculating the share of journals which
are OA. In the first instance the set of journal articles comprised all
peer reviewed articles published globally in a given recent year.
Obviously the definition of a scholarly journal article lacks in
clarity, but usually there is an assumption that the article reports
on original research, has undergone anonymous peer review of
some sort, is shorter in length compared to monographs and is
published in an issue of a regularly appearing serial publication.
For practical reasons we have to use the lists of journals provided
by indexes such as Ulrich’s, Web of Science, Scopus and DOAJ as
a basis for any comparison. These indexes do not have 100%
coverage of all the journals that would fit our definition, especially
for journals published in other languages than English, but the task
of finding data is simplified enormously.

about the number of articles published per year as well as
measures of the frequency with which articles in the journal are
cited in other journals.

Creating the samples of articles
The base year, which we studied, was 2008. A delay of slightly
over one year after publication was important because many
publishers using delayed OA use a 12 month embargo period. Also
some publishers allowing green OA posting have a one year delay.
We did the majority of the article searching during September–
October 2009.
The full body of literature of interest consisted of all the peer
reviewed articles in all the different fields of science. In
constructing the samples there were two contradictory considerations; getting big enough samples for reasonable statistical
significance, and keeping the sample sizes small enough to save
time in the time-intensive article searches. An additional constraint
was that the indexing services used are set up in such a way that
the number of downloadable search result items is severely limited,
and no assurance of the randomness of the results which are
output can be given.
For the purpose of this study, the problem of obtaining random
samples was solved by using the advanced search facility of
Scopus, which allows searching for articles based on the first or the
last page number of the article. One problem with the samples we
obtained in this way, is that journals publishing issues that always
start from the number one, rather than having numbering that
continues throughout the year, would have a higher probability of
being included. In addition some journals may have several
volumes in the same year. Also some rare journals might have
multiple short articles on the same pages. One way to avoid the
first problem was to choose relatively high numbers (over 100) as
parameter values. On the other hand the page numbers used
cannot be much higher than 100 since this would imply a clear
bias towards high volume journals. Due to the fact that some
articles might be classified under multiple subject areas (a feature
of Scopus), we used different first pages for different subjects, to
avoid the same article accidentally being included in several
samples. In the end we obtained a few journals with multiple
articles in the samples. Duplicate journal entries were deleted so
that each journal only was represented once in resulting sample.
Since each journal consequently had an approximately equal
chance to get into the sample these do not well represent the
population of articles as a whole. To compensate for this we
weighted the results with the yearly number of articles published
by the journals in question, this data could be found for almost all
journals in the SCImago database. Thus the adjusted results are
representative of the overall mass of articles. Provided that
sufficiently large samples were constructed, this should lead to
getting approximately the same results as by having a fully
randomised sample of articles from the start. But with relatively
small samples the influence of a few sampled articles from big
volume journals with over 1000 articles published per year became
disproportionate. For this reason, additional articles (10 articles
each, given 1/10 weight each) were included for the 26 largest
volume journals so that more reliable results, particularly
concerning the availability of green copies from the journals in
question, could be obtained.
The differences between disciplines were handled by construction of sufficiently large samples of articles for each scientific
discipline using the Scopus breakdown. Scopus was first queried
for a distribution of the articles published in 2008 according to
discipline. Since the database allows the classification of individual
articles (or journals) as belonging to several disciplines at the same

Sources of data on journals and articles
A prerequisite for carrying out this type of study is the
availability of information on the web, either available freely or via
subscriptions. A second important border condition is the
availability of information in indexes of different sorts which
facilitate and speed up the analysis. Firstly, this concerns in
particular basic information about journals, and secondly metainformation about scholarly articles.
Our main data sources have been the following:

N

N

N

N

Ulrich’s Periodicals Directory is the standard source of
information about periodicals of all sorts, containing basic
information about more than 200000 journals. Using its search
features it is possible to extract data about approximately
25000 journals meeting the requirements of scholarly/
academic, active and refereed.
ISI’s Web of Science contains bibliographic information about
all the articles published in around 8000 peer reviewed
journals. Although only about one third of the journals in
Ulrich’s are indexed by the ISI, the coverage of the number of
articles published is much bigger, since Web of Science
includes most high quality and high volume journals [15]. An
important add-on to the Web of Science is the Journal Citation
Reports database, which calculates so-called impact factors
based on the citations in the Web of Science. These are widely
used in academia as a proxy for the scientific quality of
journals.
Scopus is a rather new service produced by Elsevier, which
offers the same types of features as Web of Science. For our
purposes Scopus is very useful since its coverage of journals
(around 15000) is more comprehensive than that of the Web of
Science. Additionally, SCImago is a free service on the web,
which based on data in Scopus calculates citation indexes for
journals in the much the same way as JCR (Journal Citation
Reports).
The Directory of Open Access Journals (DOAJ) contains basic
information about Open Access scholarly journals. It currently
contains information about almost 5000 journals, of which
around 2/3 are also included in Ulrich’s.

Early on in the project a decision was made to construct a
master journals database, using relevant information extracted
from all the aforementioned sources. Criterion for inclusion was
that the journal was active and peer reviewed, and that it was listed
in at least one of the four databases (Ulrich’s, JCR, Scopus,
DOAJ). Using these principles, a database containing information
in excess of 30000 journals was built. For about half the journals,
those indexed in Scopus, the database also included information
PLoS ONE | www.plosone.org
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previous knowledge that it is rather interesting from an OA
perspective.
Since the searching for OA copies and establishing the type of
the found copy is very labour-intensive, we decided to use the
results obtained using the discipline-specific breakdown to also
construct the global averages. We could not just merge the samples
into one, since smaller disciplines would have become overrepresented. Instead, we used the proportions of the disciplines in the
overall output of 2008 (see table 1) as weights in calculating the
overall averages.

time the total number of articles obtained via discipline-specific
searches (1.97 M) exceeds the number of unique articles (1.27 M)
by 54%. Despite this we felt that we could use this split to
determine the overall proportions of the global article output by
discipline.
Scopus has a breakdown of 28 disciplines, some of which are
rather small in their overall article counts. For our purposes we
merged some of the categories, for instance several small
subdisciplines of medicine. Our aim was to obtain large enough
samples for each of our disciplines to make meaningful
comparisons across disciplines. In order to obtain samples of
approximately equal sizes we varied the number of allowable first
pages from discipline to discipline. Our grouping of disciplines and
the sample sizes we obtained are shown in table 1.
There are two larger disciplines, Medicine and ‘‘Engineering in
broad’’. Areas related to Medicine could equally well have been
merged with Medicine. Mathematics is a rather small area, but
difficult to group with others. We kept it separate because of

The search process
The logical way of researching the OA prevalence is to do
searches in some web search engine based on the titles of
individual published articles. This in fact mimics what most
readers would do if they find an interesting citation to an article,
but without a direct hyperlink to click on. Other researchers have
used a combination of different search engines (Google, Google

Table 1. Bundles of subject areas and the corresponding sample sizes.

Scopus Hits

%

% (our bundle)

Sample Size

Mathematics

63011

3,2

3,2

194

Medicine

366968

18,6

18,7

321

Areas related to medicine

198512

10,1

197

8,9

207

9,7

169

8,2

182

19,3

209

12,3

206

9,7

152

100,0

1837

* Immunology and microbiology

48062

2,4

* Pharmacology, Toxicology and Pharmaceutics

46992

2,4

* Neuroscience

40649

2,1

* Nursing

19928

1

* Health professions

19027

1

* Veterinary

14921

0,8

* Dentistry

8933

0,5

Biochemistry, genetics and molecular biology

174803

8,9

Chemistry and chemical engineering

190077

* Chemistry
* Chemical Engineering

129276

6,5

60801

3,1

Physics and astronomy

160547

8,1

Engineering in broad

377698

* Engineering

170567

8,6

* Materials science

121671

6,2

* Computer Science

56687

2,9

* Energy

28773

1,5

Earth and Environmental Sciences

240309

* Earth and planetary sciences

62886

3,2

* Environmental Science

62733

3,2

* Agricultural and biological sciences

114690

5,8

Social Sciences, Arts and Humanities

189194

* Arts and Humanities

22715

1,2

* Business, management and accounting

28196

1,4

* Decision Sciences

10363

0,5

* Economics, Econometrics and Finance

19563

1

* Psychology

31377

1,6

* Social sciences

76980

3,9

doi:10.1371/journal.pone.0011273.t001
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Scholar, OAIster etc). Norris, Oppenheim and Rowland (2008)
[11] tested the coverage of Google, Google Scholar, OAIster and
OpenDOAR for finding copies and reported that 86% of the
copies could be found using either Google or Google Scholar. For
reasons of economy we chose to use only Google. Thus we feel
that our method answers the question ‘‘what share of OA copies
would the average researcher find’’ rather well, compared to the
alternative ‘‘what share of OA copies are available somewhere on
the web’’.
Since several people took part in the searching we were
concerned about the integrity and uniformity of the collected data.
As a consequence, an easy-to-use data collection tool was
developed in the Visual Basic for Applications macro language.
The main functionality consisted of linking the web browser
with the bibliographical data so that an automated web search
could be triggered by selecting a specific article in the search tool.
An important consideration was to have the tool take up as little
screen space as possible in order to avoid flipping back and forth
between windows, a screenshot of the tool together with an
ordinary web browser can be seen in figure 1. Another feature was
automated data validation as the classification of articles was done
through a graphical user interface with predefined choices and
functionality. The usage of such a tool both speeded up the timeconsuming task of searching and classifying the results and also
improved the consistency of the searching.
The search term was the full title of the article, and clicking
through results restricted to the first ten hits on Google. Our
experience indicated that if the article was to be found at all, it usually
showed up in the 5–6 first hits and the later search results were usually
references to the original article included in other articles.

Most of the articles were only accessible via subscription, and in
some cases an article was not accessible at all due to the journal
having no online content. These articles were classified as not
found. Some cases for which open full texts were found they were
discarded from the sample altogether, if it was obvious that the
item was not a peer reviewed scholarly article or that it was
misclassified by the source database and clearly belonged to
another discipline.
For original articles found at the publisher’s official site or at a site
like High-Wire Press, which hosts the electronic versions of journals,
we classified the article into direct OA, delayed OA and articlespecific OA. In some cases articles were found which were OA on
subscription sites, but which were sample free copies or openly
accessible only by accident, clearly against the site policy. We
classified these as not found, since we were only looking for
individual articles which if OA were likely to stay so for the
foreseeable future. This is the case for paid OA in schemes such as
Springer’s Open Choice and Oxford Open. In some cases several
hits to OA full text versions were found. We instructed the searchers
to include information about only one copy, in the following order
of preference if several were found: OA journal site, Subject-based
repository, Institutional repository and Other web site.
We also studied the type of copy found in the repositories and on
other web sites. In addition to direct copies of the article as
published, a separate category was identified as so-called authors
manuscripts which are accepted for publishing, but still need to have
the final copyediting and page layout completed (‘‘personal
versions’’). ‘‘Preprint’’ versions which are earlier versions of a
submitted manuscript, were also accepted since they are considered
very important in some fields of science (for instance working papers

Figure 1. Screenshot of the search tool.
doi:10.1371/journal.pone.0011273.g001
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in economics). A preprint version was accepted only if it had exactly
the same title as the published article. Often conference articles and
working papers are earlier versions of later peer reviewed and
published articles, but use slightly different titles.
The articles in each sample file were searched for and the results
were classified by one researcher. After that the findings were
cross-checked by another researcher (often the research leader),
with focus in particular on the classifications of found OA copies.
This led to only minor changes in the observations.

Since many previous and parallel studies have been based on
samples from ISI indexed journals, we tested our results by
dividing our material into two groups: Articles indexed in ISI
journals, and articles not indexed in ISI (but found in Scopus) ‘
For practical reasons we used the subject classifications derived
from Scopus to weight the results. The results are shown in table 3.
The overall OA-results are relatively similar for the ISI and
non-ISI subsets. The results indicate also that the proportion of
gold OA is clearly lower in the ISI subset. This could be explained
by the fact that it has been more difficult for relatively new journals
(which is the case for most journals born OA) to get accepted into
ISI, than into Scopus. On the other hand, the proportion of green
copies is much higher in the ISI subset. A plausible explanation
could be that authors are more likely to put copies of their higher
quality articles in repositories. [16] term this the ‘‘selfselection
bias’’.
The split of the OA journal articles into categories is shown in
the figure 2 below.
For green copies there are two breakdowns of interest, the type
of repository and the type of copy. These are shown in figure 3.
In the subject-based repository category the most frequently
encountered repositories were arXiv and PubMedCentral. Institutional repositories were of an archival calibre, often implemented by using either the D-Space or the E-prints software. Copies of
papers uploaded by the authors to web pages at their own
departments, often using non systematic addressing, were classified
as other web site. Typically, this kind of web pages were authors’
homepages consisting of for example CVs and links or samples of
published research papers.

Statistical reliability of the results
As reported above our method was not a fully random sampling
method with the disciplines. Due to the complexity of the method
it is not possible to calculate exact confidence intervals for the OAshares. What we can do is to calculate confidence intervals for a
few of our results, under the assumption that we had been able to
use fully random samples, thus ignoring the complexities of the
first page search and normalising by journal size. In the following
table we have calculated confidence intervals for 95% confidence
level for a few cases.
We note that the margin of error is defined as the radius (half of the
width) of the confidence interval. Denoting the margin of error by
c, we can compute an estimate for the minimum margin of error that
can be attained under a fixed sample size n, estimated value p, and
level of confidence a by the following formula
cw

rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ


p(1{p) {1 az1
W
:
n
2

where W denotes the standard normal (cumulative) distribution
function, i.e.
1
WðxÞ~ pﬃﬃﬃﬃﬃﬃ
2p

ðx
{?

t2
e{ 2 dt,

OA availability by scientific discipline
The availability of gold and green OA copies by scientific
discipline are shown in figure 4. The disciplines are shown by the
gold ratio in descending order, rather than in alphabetical order.
There is a clear pattern to the internal distribution between
green and gold in the different disciplines studied. In all the life
sciences, gold is the dominating OA access channel. The picture is
reversed in the other disciplines where green dominated. The
lowest overall OA share is in chemistry with 13% and the highest
in earth sciences with 33%.

t [ R:

The calculations in table 2 show that we can talk with reasonable
confidence about the global OA share. The results concerning
differences between disciplines as well as the results concerning
gold and green shares or split downs in green types have to be
interpreted with much caution.

Discussion

Results

Our results concerning the overall OA share are well in line
with the results of the study we did of 2006 articles [15]. In that
study we concluded, using different methods and a much smaller
sample, that there were 8,1% gold OA articles and 11,3% green
copies. The overall share of OA was 19,4% compared to the

Overall OA-shares
The weighted average OA availability over all disciplines was
20,4%. This further splits up into 8,5% in OA journals and 11,9%
copies in repositories and web sites.
Table 2. Statistical reliability.

Parameter

Sample size (n)

Estimated value (as %) (p)

Minimum margin of error (as %) (c)
(a = 95%)

Confidence interval (in %)
(a = 95%)

Overall OA

1837

20.4

1.84

(18.56, 22.24)

Overall gold

1837

8.5

1.28

(7.22, 9.78)

Overall green

1837

11.9

1.48

(10.42, 13.38)

Overall OA, medicine

321

21.7

4.51

(17.19, 26.21)

Green OA, Mathematics

194

17.5

5.35

(12.15, 22.85)

Institutional repository copies

1837

2.9

0.77

(2.13, 3.67)

doi:10.1371/journal.pone.0011273.t002
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Table 3. Overall gold and green prevalence for ISI and non ISI
articles.

No of articles Gold OA

Green OA Total OA

ISI journal articles

1282

6,6

14,0

20,6

Non-ISI articles

555

14,2

5,5

19,7

All articles

1837

8,5

11,9

20,4

doi:10.1371/journal.pone.0011273.t003

20,4% in this study. The difference can be explained by a number
of factors.

N
N
N

The difference is within the confidence interval
The two studies used partly different methods
The share of OA is changing with time and two years had
lapsed between the studies.

The most thorough study we have found to compare our results
with is Matsubayashi et al (2009) [14]. Using methods similar to
ours they studied the OA availability of articles in biomedicine
from 2005. Their source of article metadata was the Pubmed
bibliographic database.
Their material included both peer reviewed articles and news
items etc. They reported an OA percentage of 26,3 for peer
reviewed articles (70% of their sample), and if the overall share of
OA articles requiring registration (0,4%) is subtracted the number
comparable to our study would be 25,9%.
Due to the high number of articles analyzed, their confidence
interval should be rather narrow and their results rather reliable
from a statistical viewpoint. Currently Pubmed offers a search
facilty in which one search term is ‘‘link to free full text’’. We did a
search for all ‘‘journal articles’’ published in 2005 with no
restrictions (636162 hits) and then repeated this with the further
restrictions of ‘‘link to free full text’’. The OA percentages
obtained this way were 23,1 for 2005 and 23,3 for 2008. The
figure should include all OA journals (full and delayed) as well as
full text deposited in Pubmed Central (either as exact replicas of
author manuscripts).

Figure 3. Breakdowns of green OA copies.
doi:10.1371/journal.pone.0011273.g003

It should be noted that Matsubayashi et al (2009) [14] found
72% of their OA copies at journal websites, 26% in PubmedCentral and 17,4% in journal platforms or portal sites (like Scielo). The
numbers add up to more than 100% due to possible duplication.
Thus their figures are well in line with the above rather exact
figures from Pubmed. More so since they estimated that of all the
OA copies they found only 5,9% were in Institutional repositories
and 4,8% on author’s personal websites (which sums up to 2,8% of
all analyzed articles).
The difference between their results and our results (In
particular our discipline-specific results for medicine, areas related
to medicine and biochemistry) could be caused by a number of
factors:

N
N
N
N

Figure 2. Split of found OA journal articles into types.
doi:10.1371/journal.pone.0011273.g002
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Use of Pubmed vs. Scopus as a source for article data
Different base year and time delay from publishing to
searching for copies
Different search strategy. We only used Google. Matsubayashi
et al used four different databases and search engines to
identify full text copies. They also checked the 20 first results in
Google and Google Scholar whereas we only checked the first
page.
The method of obtaining the sample (a search based on the
pagination of articles) was the same but we compensated for
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Figure 4. OA availability by discipline.
doi:10.1371/journal.pone.0011273.g004

the overall OA share was between 5% and 16%. These figures are
difficult to compare with.
The clear majority gold articles that we found in our study were
in pure gold journals (62%). Articles in delayed OA journals only
summed up to 14%. Studying the prevalence of delayed OA
articles is much more difficult than pure OA ones, since the
journals containing the latter tend to be listed in DOAJ, whereas
just about the only site where more aggregate information about
delayed OA journals can be found is the Highwire Press website,
listing around 200 of the journals they host as offering delayed
OA.
We found that 24% of gold articles were individually paid OA
articles on subscription sites. This seems to be in line with the few
reports available on the actual uptake of this option by authors.
For instance [19] reported an average uptake in 2007 of 7% for
the 65 journals offering Oxford Open. It is also important to note
that only a minority of journals currently offer paid article level
access. Of the 9500 journals of 22 major publishers 22% offered
this option in September 2009 (informal communication, Max
Planck digital library). Theoretically, if 22% of the whole volume
of articles from 2008 had this option and the average uptake was
10%, this would lead to a figure of 2,2% of the articles. In
principle it would be possible to calculate relatively exact numbers
by analyzing the tables of contents for the full 2008 volumes of all
the journals of the major publishers offering this option, including
over a thousand Springer journals. This task would be very tedious
and would probably require using a sampling method.
The overall breakdowns of green copies according to type of
repository and type of copy should also be of interest. Since the
overall ‘‘hits’’ in each category are rather small we decided not to
publish the figures per discipline since they would be very
unreliable from a statistical point of view. We can just note that in
a few disciplines subject-based repositories dominated, in medicine
PubMedCentral and in physics arXiv.
It may come as a surprise that only one out of four green copies
was found in institutional repositories. A lot of effort has recently
been put into starting such repositories and issuing university
guidelines encouraging and requiring academics to post copies

the possible bias towards small journals by multiplying by the
number of articles published per year.
In a study concerning the journal output from 2003, Mc Veigh
(2004) [17] found that out of 747060 citable articles indexed in the
ISI Web of Science 2,9% were in open access journals. This can
be compared to our 6,6% of gold OA in ISI journals. It should be
noted that our figures also include delayed OA and article specific
OA.
Bhat (2009) [18] studied the OA availability of the research
articles from 2003–2007 indexed by Scopus by five leading Indian
research institutes. Of the 17516 articles studied 7,8% were
published in Open Access journals (either full or delayed). About
two thirds of these were in Indian Open Access journals. The
study did not include green copies.
In a study of the citation advantage of OA Norris, Oppenheim
and Rowland (2008) [11] also calculated the OA availability of a
4633 articles from 65 high-impact factor journals (included in Web
of Science) in four subjects, Applied Mathematics, Ecology,
Economics and Sociology. They specifically recorded only green
copies, which had the same title and authors as the published
article and discarded any hits to the publisher’s web site. The
availability of OA copies was very high in Economics (65%),
Applied Mathematics (59%) and Ecology (53%) but considerably
lower in Sociology (21%). Since the purpose of their study was
specifically to study the citation advantage it appears that they
have on purpose included subjects which a-priori were known to
have a tradition of posting green copies.
Way (2010) [13] studied the OA availability of articles published
in 2007 in 20 top journals (using ISI’s journal impact factors) in
Library and Information Science. The overall OA share was 27%
over a sample of 922 articles. Way also classified the green copies
and found that subject-based repositories (38%) and personal web
sites (29%) were the two most common locations for the copies.
The study with the biggest sample of articles was Hajjem et al
(2005) [10] who used web robot techniques to study the citation
advantage of OA. They also calculated the OA availability of 1,3
million articles from 1992–2003 in 10 disciplines and found that
PLoS ONE | www.plosone.org
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there. But compared to the leading subject-based repositories these
have had a shorter lifespan so far. Other web sites, in particular
the authors’ home pages were still the most popular places for
placing copies (40%).
Morris and Thorn (2009) [20] surveyed the OA-attitudes and
behaviour of members of learned and profession societies in the
UK in the winter of 2008. Of particular interest are their figures of
where those respondents who practiced self-archiving placed the
copies. The figures sum up to over 100% but if they are
normalized to 100% the answers are 30,2 for institutional
repositories, 11,8 for subject-based repositories and 58,0 for
author, departmental and other websites. These figures thus differ
quite a lot from our findings, but one has to bear in mind that the
questions were differently phrased. Also the spread of the
respondents over research fields might differ quite a lot compared
to our study.
Fry et al (2010) [21] surveyed author attitudes and behaviour of
European researchers. Although they received 3136 responses, a
high proportion came from the physical sciences and mathematics
(56%). They report on the characteristics of the green copies that
the respondents had deposited (p. 33). By normalising their figures
to 100% we get the following distribution: preprint version (34%),
author final manuscript (38%) and publishers’ version (28%). The
relative popularity of the different types of repositories was;
subject-based repositories (46%), Institutional repositories (45%)
and other web sites (9%).
The high share of exact copies we found was slightly surprising,
considering the types of copyright restrictions the major publishers
pose. In fact, a number of clearly illegal copies were found, where
the publishers’ files had been copied, usually without proper
attribution. Usually these were on the authors’ or their
departments’ home pages. It was also very noticeable that

preprints were mainly posted in a few disciplines; mathematics,
economics and physics in particular. These areas are known to
have traditions of making manuscripts available in the form of
preprints or working papers [7].
We will not attempt a more detailed discussion about the
possible reasons for the differences between disciplines (for good
discussions see [7], [22]). Factors which we believe are particularly
important include:

N
N
N
N

Uneven spread of available OA journals across disciplines
Unequal possibilities for financing author charges
Availability of well established subject based repositories in
some disciplines
Traditions of making preprints available in some subjects

All in all we believe our results should be of interest to science
policy makers and scientists alike, providing one of the most
comprehensive cross-disciplinary OA studies to date. There are
numerous ways to extend the method we have used, for instance
comparing more in detail the quality of OA articles compared to
non-OA articles. A comparison of the OA availability of articles
originating from different countries would be of great interest,
since OA has been seen as a great way for authors of developing
countries to get their research results better known.
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Abstract
Open Access (OA) is a model for publishing scholarly peer reviewed journals, made possible by the Internet. The full text of
OA journals and articles can be freely read, as the publishing is funded through means other than subscriptions. Empirical
research concerning the quantitative development of OA publishing has so far consisted of scattered individual studies
providing brief snapshots, using varying methods and data sources. This study adopts a systematic method for studying the
development of OA journals from their beginnings in the early 1990s until 2009. Because no comprehensive index of OA
articles exists, systematic manual data collection from journal web sites was conducted based on journal-level data
extracted from the Directory of Open Access Journals (DOAJ). Due to the high number of journals registered in the DOAJ,
almost 5000 at the time of the study, stratified random sampling was used. A separate sample of verified early pioneer OA
journals was also studied. The results show a very rapid growth of OA publishing during the period 1993–2009. During the
last year an estimated 191 000 articles were published in 4769 journals. Since the year 2000, the average annual growth rate
has been 18% for the number of journals and 30% for the number of articles. This can be contrasted to the reported 3,5%
yearly volume increase in journal publishing in general. In 2009 the share of articles in OA journals, of all peer reviewed
journal articles, reached 7,7%. Overall, the results document a rapid growth in OA journal publishing over the last fifteen
years. Based on the sampling results and qualitative data a division into three distinct periods is suggested: The Pioneering
years (1993–1999), the Innovation years (2000–2004), and the Consolidation years (2005–2009).
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Open Access business models have been introduced in parallel to
traditional subscription-based models; a journal might charge
authors for submissions or rely on advertising revenue as a source
of income. Additionally, Open Access journals are not only unique
because of their paperless operation, but because they offer new
possibilities for niche- and emerging subject areas to establish
dedicated research outlets.
In summary digital content delivery has, within a relatively short
time-span, shifted the landscape of scientific publishing considerably and opened up the market for alternative ways of distributing
scientific literature. At the same time as the process of finding,
acquiring, and consuming scholarly content has been revolutionized by technology, the access restrictions to scientific literature
have been scrutinized with different arguments and perspectives.
Open Access is a new technology-enabled business model, which is
gaining increasing acceptance.

Introduction
Background
Like many other industries involved in content delivery,
scientific publishing has seen new challenges and opportunities
with the wide adoption of the Internet. In the early days of the
Web, before the 1990s, electronic mailing lists were a popular
method for distributing longer strings of text, like journal articles,
to groups of people. Since then, technology and web standards
have rapidly progressed and matured. Journal articles are now
with increasing frequency being both offered and retrieved in
digital formats online rather than through physical, printed
volumes. Most well-established journals have added digital
publishing as a complementary service to their paper editions.
Now that the Internet has enabled low-cost distribution of
digital content, the access restrictions put in place to protect and
monetize said content have been a topic for active discussion, not
least with regard to research results produced with public funding
[1,2,3]. The costs involved in providing an online-only journal are
noticeably different from those of printing and shipping physical
journal volumes, with the major online-only cost posts being copyediting, web hosting, and the maintenance of a functioning
mechanism for peer-review. For a comprehensive review of
economic implications of alternative publishing models see [4].
When paper issues were the only available option, a wide enough
subscriber base was a condition for sustainability of a journal.
PLoS ONE | www.plosone.org

Definitions
Open Access (OA), in the context of scholarly publishing, is a
term widely used to refer to unrestricted online access to articles
published in scholarly journals. Previous research has identified
two distinct ways of obtaining open accessibility to scientific
research results: Gold OA and Green OA.
Gold Open Access is a form of OA where the document is made
available by the publisher to whom the document has been
submitted. It has been suggested that 8.5% of all scholarly journal
1
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volume for 2008 is available through some form of Gold OA [5].
Gold OA means that the content of the actual journal publishing
the article is, either totally or to some extent, freely accessible to
the public. The Gold OA category covers a diverse spectrum of
publications, including everything from small journals publishing a
handful of articles annually to big journals publishing hundreds of
articles in the same time frame. The Gold OA category can be
further subdivided based on the degree or extent of journal
content availability. Direct OA is when the whole journal is
published Open Access without any limitations, and is estimated to
account for 62% of all Gold OA [5]. Other journals keep the most
recent content accessible only to paying subscribers, but as time
passes, the embargo is lifted and the content is made available to
all. This variant is called Delayed OA, and constituted 14% of all
Gold OA [5]. Sometimes an author or the author’s institution can
pay for an article to be made freely available in an otherwise
subscription-based journal. This is referred to as Hybrid OA, and
made up 24% of all Gold OA [5].
Green Open Access means self-archiving of the author’s work;
be it a manuscript, a pre-print version of a manuscript accepted to
be published in a scientific journal, or the actual published paper
itself. An estimate is that 11,9% of all scholarly articles published
in 2008 were available through some form of Green OA [5]. Selfarchiving by the author can be done by uploading the paper to the
author’s personal homepage or to the author’s institutional
repository. There is also a third major channel for Green OA:
subject-based repositories. Subject repositories allow self-archiving
of articles which belong to some specific field of science. Good
examples of such repositories are ArXiv, which started with
physics but has since expanded its scope to cover a variety of
research topics, and PubMedCentral for biomedical and life
sciences research. Journal articles can be searched for and accessed
directly through various aggregated indexes, such as those of
popular web search engines, rather than through the publisher’s
web page or journal homepage. Advanced free-to-use indexing
services, such as Google Scholar, which list all available versions of
an article against a single bibliometric metadata record, have
made it easier than ever before to find full-text versions of articles,
even in cases where they are not made available directly by the
publisher. Having equal visibility to both publisher-provided
copies and copies uploaded either to repositories or other web sites
is a completely new dynamic in the traditionally dyadic
relationship between the journal and its potential reader.
This study focuses on the most basic form of Gold OA: the
Direct OA. For the sake of clarity, from this point on the term ‘OA
journal’ is used to refer to scholarly, peer reviewed journals in
which all content is available freely on the web from day one,
either exclusively online or parallel with a subscription print
version, and which can be accessed by anyone with Internet
access.

Previous research
A major challenge for research aiming to establish reliable
quantitative measurements of OA prevalence and publication
volume has been the lack of comprehensive indexing for both OA
journals and their articles. Though the situation has improved
considerably over the past decade, the lack of article-level indexing
for the majority of OA journals still poses a challenge for
researchers. The fact that aggregated metrics are not readily
available has been a major consideration in, and motivation for,
the labor-intensive research design of this study. Previous studies
have dealt with this lack of data through a variety of different data
sources and collection methods. This section summarizes relevant
earlier studies and their major findings, placing the study in a line
of existing scientific contributions.
Ware and Mabe [6] measured that the total number of scholarly
journals has increased at a steady rate of about 3.5% annually over
the last three centuries, while growth in the total number of articles
during the same time period has increased at the slightly slower
pace of about 3% annually. This trend is important to keep in
mind when studying developments in the proportion of OA
journals and articles as the growth of OA publications must be
compared relatively to the total article volume increase.
Crawford [7] is among the earliest studies documenting the
behavior of pioneer OA journals. The study, conducted in 2001,
attempted to chart the OA landscape back in 1995. Using data
from The Association of Research Libraries, the study found
evidence of the existence of 86 journals publishing in 1995 which
fulfilled the criteria of free, refereed, and scholarly. Interested in
the viability of this novel type of publishing, Crawford also
investigated the status and activity of these 86 journals six years
later (in 2001). The main finding was that only 49 journals, or
57%, were still actively publishing. There appeared to be a pattern
among the majority of the ceased journals, which the author
coined ‘the arc of enthusiasm’, where a journal does well during
years 2–5, but does not increase the publication volume from the
two initial years, only to end up totally inactive or publishing only
one or two articles per year after that. Among those that had
survived, two distinct groups were discernible: ‘small successes’
(n = 21) which published a steady stream of fewer than ten articles
annually, and ‘strong survivors’ (n = 28) which consisted of bigger
journals publishing over ten articles annually, with some journals
regularly publishing over one hundred articles per year. Considering the speed with which changes happen on the Internet,
attempting to measure or reconstruct the open availability of
journal articles prior to around 1998 is a challenging task.
Fortunately, Crawford conducted both a comprehensive review of
OA journal developments between 1995 and 2001, as well as
included all journal titles and their annual volumes as part of the
article itself.
Another early OA study was carried out by Wells [8], who
compiled a list of scholarly OA journals by combining data from
several e-journal lists, verifying found journals by visiting their
websites. The end result, based on information collected in 1998,
was a list of 387 journals, publishing an average of 18 articles per
year. While Wells’ list was compiled with some limiting criteria –
e.g. the list excluded journals lacking any English language on
their web pages and did not evaluate the rigorousness of peer
review practices among the journals – the list can still be
considered an important snapshot of OA publication activity
among pioneer journals in their early years. Wells’s list was later
picked up by Gustafsson [9] who revisited those same journals to
check their continued activity and to expand upon the OA journal
list with new entries found on the Ulrichsweb Periodicals Database
[10], ending up with a total of 317 journals. Around half of the

Aim of the study
The main aim of this study is to produce a reliable and
comprehensive analysis of the historical development of OA
journals. The analysis covers a time period starting from what can
be considered the beginning of the phenomenon in the early 1990s
and stretches to 2009. Emphasis has been placed on the use of
systematic methods to sample and represent the population in
order to construct a reproducible foundation which can be reused
should the study be extended upon in the future.
The remainder of the article is structured as follows: first,
relevant previous research is reviewed; then, the methods and data
collection are presented; finally, the results are detailed, with a
discussion interpreting them in a larger context.
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journals Wells [8] originally documented had become inactive,
with only 193 of them still publishing actively. This result is in line
with the mortality rate noted by Crawford [7]. Interested in
finding out more, Hedlund et al. [11] sent out a web survey to the
editors of each of the journals in Gustafsson’s updated list of 317
OA journals for which contact details were available, 300 in total,
and received 60 responses, a response rate of 20%. They found out
that during the year 2002, these journals published on average 20
articles each.
The most comprehensive study to date in terms of sample size,
and the study with the methodology most similar to this study, is
Morris [12]. The study analyzed the results of a labor-intensive
data collection process where volunteers manually went through
journal websites collecting publication metrics from 1213 of the
total of 1443 OA journals listed in Directory of Open Access
Journals (DOAJ) [13] at the time. They collected data for the start
year of the journal, the year of the most recent published article,
and the total amount of articles available. One of the key results of
the study was that, on average, 42 articles were published annually
per journal. As the author herself notes, the study did not separate
between journals which had been born OA and those that had
later converted to OA, and focused on the article volume without
regard for retrospective archival or conversions from subscriptionbased to open [12]. So while the data is comprehensive, the results
are not suited to represent the availability of OA article volume
retrospectively for a given year.
Björk, Roos and Lauri [14] sampled 100 of 1485 OA journals
identified by using the Ulrichsweb Periodicals Database. Each
journal homepage was visited manually and the publication
volume for 2006 was noted. That year, these 100 OA journals
were found to publish on average 34,6 articles. However, it should
be noted that this study is not directly comparable to studies based
on DOAJ sampling as the study excluded titles from large
publishers which were known to charge author fees.
In a report covering the first phase of the SOAP (Study of
Open Access Publishing) project, Dallmeier-Thiessen et al. [15]
analyzed data for all active English language journals listed in the
DOAJ, a total of 2838 journals at the time of the study in 2009.
The study focused on establishing the current state of open access
publishing, analyzing different types of publishers and business
models. For journals for which indexed bibliometric data was
available the authors used existing external sources, but for a
large portion of the population data was gathered by manually
visiting the journal websites. The analysis found that the average
journal published 43 articles in its most recent active year, which
was either 2007 or 2008. Due to its focus on the current status of
OA and an extensive publisher-level analysis, the study did not
attempt to separate between converted subscription journals and
born OA journals.
Some studies have focused on particular predefined segments of
OA journals. One recent such study is Edgar and Willinsky [16],
who surveyed journals which use the popular Open Journal
Systems (OJS) publishing platform. Their study was based on 998
online survey responses (2748 questionnaires sent out, a 36%
response rate) from journal editors and managers. While the OJS
publishing system was a common denominator, there was
considerable variety on several other dimensions. The majority
of the journals were founded as OA journals directly on the
platform, but there were also many journals which had migrated
to the OJS platform either from print-only or from other means of
electronic publishing. Only a small number, about 7%, had
uploaded back-issues to their archives. The self-reported annual
average number of published articles among the responding
journals for 2008 was 31.
PLoS ONE | www.plosone.org

Within the literature there are also studies which have put
particular focus on the subset of OA journals indexed by ISI Web
of Science [17], either studying such journals in isolation or in
comparisons between indexed and non-indexed journals. Sotudeh
and Horri [18] studied the longitudinal evolution of ISI indexed
OA journals, with particular emphasis on changes in journal
access and access policies. As the result of a thorough retrospective
analysis of the journals through various direct and secondary
sources, the authors suggested that the ISI OA journals are a
relatively heterogeneous lot when it comes to OA evolution, with
retractions of OA publishing and experimentation with hybrid OA
publishing models being observed. What has been established so
far in comparison studies is that indexed journals on average tend
to be considerably larger than OA journals. A study based on data
from 2003 found 239 OA journals in the ISI index, each
publishing on average 92 articles [19], a figure which is
considerably higher than the average publishing volume for all
OA journals. The study also established that the majority of ISI
indexed journals are from within the subject categories of
medicine, life sciences, chemistry, and physics, engineering &
mathematics.
While the average annual amount of articles per journal is
unsuitable as a metric for mapping OA growth directly, such
observations contribute towards an understanding of some of the
changes that have happened within the population of OA journals
over time. Based on the review of existing research it can be
concluded that there is a gap in the empirical research regarding
the longitudinal development of OA publishing. Most studies on
the subject provide only snapshots of a single point in time without
including a retrospective analysis founded on the same assumptions as the main study. Studies have shown that both the
population of OA publishers and OA journals is heterogeneous,
with substantial differences in size. Consequently, generalizations
extending between subject areas and years as well as comparisons
with the total available mass of academic literature published each
year becomes highly unreliable.

Materials and Methods
General method description
The study was conducted as a quantitative analysis of the yearly
publication volumes of OA journals. The DOAJ, being an actively
maintained and well-established index with clear inclusion criteria
was used to define the population of peer reviewed scientific OA
journals. Since the DOAJ itself only indexes a fraction of the
journals on article level, the annual journal volumes had to be
obtained from elsewhere. Three options for identifying and
collecting this data were considered: Usage of data directly from
the ISI and Scopus [20] indexes, a web survey directed to journal
editors, and manual data collection from journal web sites. Direct
use of ISI and Scopus data is problematic, because only a limited
number of the included OA journals are indexed on an article
level. Of all the journals listed in DOAJ, only under one tenth have
usable information available in ISI, and about one fourth are
found to be indexed in Scopus. Furthermore, as both ISI and
Scopus typically index large, well-established journals, the sole use
of these indexes would also cause considerable bias. Data collected
through a survey (e.g. [21]) would have had limitations both due to
potentially low response rates leading to a lack of data, but also to
bias as the survey rejection pattern is unknown. Obtaining the
contact details for the respondents is also potentially problematic
considering that many of the journal web-pages have not been
updated in years, and e-mail addresses are subject to change.
Considering the weaknesses of the aforementioned data collection
3
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methods, only a manual data collection process, although laborintensive, was deemed fit. This way data could be collected in a
standardized way for the exact sample of journals desired, thus
allowing for the use of regular quantitative methods.

according to the latter indexes, were classified as ‘large journals’.
Journals showing lower publication volumes, or those that are
absent from the index, were classified as ‘small and midsized’
journals. This classification was based on the rationale that
journals with large publication volumes have a high probability of
being indexed by either ISI or Scopus. Random samples were
selected from both strata, however with different inclusion
probabilities as shown in Table 1. For the small and midsized
journals, 519 journals were randomly selected from the total
stratum. The big-journal stratum, containing 44 journals, was
sampled in full.
The heterogeneity of the journal start years and of the duration
of open access to journal content could not be addressed by using
stratification. No source of journal-start-year data was found to be
reliable enough, and in the absence of a suitable indicator for
stratification by start year we chose to collect a separate sample of
OA journals known to have been active before the year 2000. This
additional pioneer OA sample was taken from the studies
conducted by Wells [8] and Hedlund et al. [11], consisting of
304 OA journals publishing in the English language, which were
known to be active even before the DOAJ was founded. However,
this sample does not form a subset of the sampled population of
the OA journals in the DOAJ. To avoid bias, this purposive
sample is not combined with the stratified random sample.
Comparisons of the data collected from these two separate samples
took place only on an analytical level.

Sampling
The target population for the study consists of all of the OA
journals that have been active at some point during the years 1993
through 2009. We used the selection criteria of the DOAJ
regarding coverage, access, and quality to operationalize the
definition of the target population. The exact composition of the
population based on these criteria is, however, unknown. Some
authors in previous studies (e.g. [7,8]) have individually compiled
lists of then existing OA journals. Due to the exponential growth of
the number of OA journals, later studies (e.g. [12]) use existing
indexes. For the purpose of this study, it is assumed that the DOAJ
is a suitable operationalization of the target population and the
DOAJ journal index is used as the sampling frame.
As the sample is based on DOAJ data it is important to be
aware of the inclusion policies of the service as they have a direct
influence on the OA representation and results of the study. Of
paramount importance for a retrospective study are aspects that
potentially skew faithful representation of past OA volume: 1) The
possibility of including ceased journals to the service retrospectively regardless of whether they were OA at time of publication or
not, and 2) whether already included journals are cleaned up if
they cease to exist. As such information is not publicly available on
the DOAJ website, it was confirmed through personal communication with a DOAJ representative that the service does not accept
non-active journals for inclusion in its directory, and that ceased
journals which websites have become inactive, or otherwise do not
fulfill basic DOAJ inclusion criteria, are removed from the
directory without any explicit trace of their existence. While these
are important aspects to keep in mind when interpreting the
results, the DOAJ is still the most comprehensive and detailed
index of OA journals available today.
The sampled population contained the 5175 DOAJ journals
that were started prior to 2010 as listed in the index at the time this
study was initiated in the fall of 2010. Of particular interest
concerning this study are both heterogeneity regarding the journal
publication volumes and the length of time during which the
journals have been providing open access content. The population
was analyzed using ISI and Scopus data. It was noted that the
journal size distribution was skewed in favor of the big journals,
which account for a large portion of the overall article output
though they represent only a minority of all the journals present in
the population. Another aspect that had to be taken into
consideration was that only a small number of OA journals had
been active before the year 2000. Relying on random sampling of
the whole population with equal probability throughout would
provide low precision for estimates of the OA development for the
pre-2000 period [22], and the journal size distribution would be so
skewed as to cause imprecision in estimating the publication
volumes.
As a result of the aforementioned population characteristics,
stratified random sampling with unequal probabilities [23] was
adopted as the sampling strategy. The population was stratified
into two groups: ‘large’ and ‘small and midsized’. The chosen
stratification metric was the publishing volume as stated in the
2008 edition of the SCImago Journal & Country Rank Portal [24],
and the 2009 data of ISI Web of Science citation database,
respectively.
Journals listed in the DOAJ, and also indexed by either Scopus
or ISI, and which have published more than 200 articles annually
PLoS ONE | www.plosone.org

Data collection
Due to the nature of the data to be collected, primarily the
annual article volume per journal, the process could be split up
and distributed among a team of researchers. However, a
standardized way of conducting the work was essential to ensure
standardized data entry among several individuals. A software tool
was programmed to facilitate the empirical data collection process.
The tool uses data from the DOAJ database as a starting point,
and allows for non-destructive data manipulation as well as for the
entering of entirely new fields of data, such as the yearly amounts
of published articles for the journals covered in the sample.
The use of a specialized data collection tool was considered
necessary to facilitate a high standard of collected data, as well as
to ensure uniformity in the data produced by the research team
members. A screenshot of the tool in use is shown in Figure 1.
Insight into the validity of the journal metadata in the DOAJ
was also gained as part of the process: the start year for the
journals had to be corrected in 147 cases of the 521 manually
sampled journals. Often the DOAJ-supplied start year referred to
the year the journal had converted to OA instead of the actual
founding year when the first volume was published, as was also
pointed out by [18].

Data analysis
The collected sample data was used to estimate the development of the sampled population. Therefore, the analysis was
focused on descriptive statistics. For each year between 1993 and
2009 the total number of publishing journals was calculated, as
well as the total number of published OA articles and the average
number of published articles per journal per year. Due to the use
of a stratified sample, the results were weighted according to the
following formula:
^t~

H X
n
X

(Nh =nh )xhj

h~1 j~1
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Table 1. Sampling metrics.

Stratum size Nh

Fraction of
population Nh/N

Sampled units nh

Selection probability nh/Nh

Sampling weight
Nh/nh

Stratum h

Description

1

small and mid sized

5131

0.991

519

0.101

9.886

2

large

44

0.008

44

1

1

(treated separately)

pioneer OA sample

-

-

304

-

-

doi:10.1371/journal.pone.0020961.t001

where ^t is the estimated value, Nh is the total size of stratum h, nh
is total number of units sampled from stratum h, and xhj is the
value of unit j in stratum h.

Furthermore, a stratified sampling was selected to avoid potential bias
caused by the heterogeneity of the population, and combined further
with a purposive sample based on previous studies. With regard to
reliability, a highly structured procedure for data collection was
chosen, standardizing not only the data of interest but also the manner
in which it was collected. In this manner, the data collection could be
distributed among several individuals, making it independent of the
judgment of a single person. Throughout the whole process of data
collection, the individuals involved met regularly in order to discuss
the procedure as well as any problems or unclear cases.

Validity and reliability
Throughout the study steps have been taken to ensure the quality of
the results with regard to validity, reliability and generalizability.
Despite the quantitative character of the study, a holistic understanding of validity as a relationship between the research aims and the
empirical setting was emphasized. Thus particular attention has been
paid to the operationalization of the research questions. When
selecting a suitable population, several available journal indexes were
considered and analyzed, and existing studies on Open Access have
been taken into account. The population is operationalized using the
DOAJ index while at the same time noting its inaccuracies and errors.

Results
Figure 2 shows the development of the number of active OA
journals and the number of research articles published in them

Figure 1. Screenshot of the data collection tool in use.
doi:10.1371/journal.pone.0020961.g001
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during the period 1993–2009. Table 2 contains the results
datasheet on which Figure 3 is based on together with additional
measurements and results.
The results suggest that, measured both by the number of
journals as well as by the increases in total article output, direct
Gold OA journal publishing has seen rapid growth particularly
between 2000 and 2009. In 2000 we estimate that there were
around 19 500 articles published OA, while the number for 2009
is 191 850 articles. The journal count for the year 2000 is
estimated to have been 740, and 4769 for 2009; numbers which
show considerable growth, albeit at a more moderate pace than
the article-level growth. These findings support the notion that OA
journals have both increased in numbers as well as increased their
average annual output over time.
The average annual publication volume per journal over the
period 1993–2009 is shown in Figure 3, together with the results of
the previous studies discussed earlier in the article. The data from
Crawford [7] were calculated based on the raw numbers
appended to the original article. Existing findings suggested an
increase in the average number of articles per journal, growing
gradually from below 20 in the early 1990s to around 40 in 2009; a
notion which is further strengthened by the results of this study.
Descriptive statistics for the samples are shown in Table 3. Two
thirds of the pioneer OA sample was OA from the start, as were
60% of the small and mid-sized journals. But among the big
journals a small majority (60%) were subscription journals that
had converted to OA. A small number of small and mid-size as
well as pioneer journals were found to be of questionable scholarly
quality. Examples of such include websites where anyone can
upload a manuscript and the peer-review is handled by other
website visitors commenting on the documents, or journals which
consist only of editorials or news items. The output of these
journals was not counted and they were excluded from any further
analysis. 8% of the pioneer journals had vanished from the
Internet and traces of their output could not be found.
Among the pioneer OA sample there were a handful of journals
which had recently switched from being fully OA to a subscription-

based model. This phenomenon was interesting to discover as OA
journals becoming inactive and losing momentum for various
reasons has almost completely dominated the discussion about
threats to OA journals. Furthermore, the transition from a
subscription-based model to OA has largely been perceived as a
one-way process, but this evidence of journals which have either
done the reverse or even gone full-circle around speaks for a more
complex dynamic. It would be interesting to investigate cases where
reverse changes in business-models have happened and study the
experiences these journals have had with different models to
elaborate further on facilitating factors.
The pioneer OA sample was also used to gain insight into
journal mortality since it can be verified from existing research
that that particular list of OA journals existed in 2002 [9] and the
list has not been modified since, something which cannot be
assumed about the records in the DOAJ. Of the 175 Born OA
journals which published at least one article in 2000, only 126
were still active in 2009, suggesting a drop of 28% during those
nine years. Of the 43 Converted OA journals, 36 were still
publishing in 2009, suggesting a 16% drop. The figures are lower
than the 43% mortality rate for the period 1995–2001 in the
material by Crawford [7]. The difference between the two results
can probably be largely attributed to the different time periods
they study. The level of establishment and maturity of the studied
journals, maturity of technologies and standards related to
electronic publishing, and more available knowledge about the
conditions of success for online-only journals are likely to be some
of the most central influences to the differing results. The attitudes
among scholars to publishing in OA journals have also changed
over the years.
Of the journals in the small and mid-sized category 13% used
the Open Journal System software and another 14% were based
on national or regional journal portals (Scielo [25], Redalyc [26]
or J-Stage [27]). A large proportion of the journals in the pioneer
OA sample still reside on their original websites, of which many
appear to be fairly outdated with regards to currently available
web technologies and standards. Many are simple static HTML

Figure 2. The development of open access publishing 1993–2009.
doi:10.1371/journal.pone.0020961.g002
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153 814

7900
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pages linked together without any publishing platform providing
back-end automation. Reliable article-level indexing requires
journals to provide meta-data in standardized metadata formats,
something which in practice necessitates the use of a publishing
platform.

1.09

1.09

1.08

1.08

1.08

1.09

1.12

1.17

1.12

1.24

1.24

1.52

After the presentation of the absolute numbers of full OA
articles, a natural question to ask is what proportion these
constitute of the overall article volume. Since reliable studies of the
overall number of scientific peer reviewed articles are scarce it is
difficult to find numbers for the denominator of the equation
determining the share.
The global number can be estimated using a number of
techniques. The starting point can either be journals and articles
indexed in the Web of Science (ISI), Scopus, or Ulrich’s
Periodicals Database. The last of these options is still not complete
as there are a large number of peer reviewed journals not listed in
Ulrich’s, especially journals published in languages other than
English.
The earliest reliable estimate of the share of OA articles is a
study of the ISI’s coverage of Open Access articles done by
McVeigh [20]. Using her published data the share of OA articles
in ISI could be calculated to 2,9% for 2003. In an earlier study of
the 2006 article production [14], the total number of articles
published in Ulrich’s journals was estimated to be approximately
1 346 000, using a method pioneered by Mabe [28]. Of these,
4,6% were available as immediate full OA in journals. The same
study also estimated the number of articles indexed by ISI to be
945 900. In a later study looking at the article production from
2008, 1 270 000 articles were found indexed in Scopus. Of these
5,3% were in direct gold OA journals [5].
To determine the total number of articles in journals not listed
in Ulrich’s was not feasible within the scope of this research
project; that would necessitate the creation of a journal indexing
service more comprehensive than anything that exists today.
Instead, subsets of DOAJ journals found in Ulrich’s, Scopus, and
ISI were used to estimate the shares of OA articles within those
domains, matching data collected from the stratified sampling with
data available from the indexes. For the total number articles in
Ulrich’s and ISI, figures from 2006 and 2008 were used, adjusting
for annual growth of 3% [6]. For Scopus, the database could be
queried directly to get the exact article count for 2009. The
estimations are presented in Table 4.
This approach has clear limitations since it was based on
sampling, but the figures should still be among the most reliable
published to date. Our estimates for 2009 can be compared with
the estimates from the earlier studies presented above, as well as
the study by McVeigh [20]. The results seem well in line,
considering the growth of OA publishing over the time spanned by
the studies. The share of OA articles of all peer reviewed articles,
including those journals not indexed by the Ulrich’s, Scopus, and
ISI, would probably be even higher; however, this is only a
hypothesis, and one which would be very labor-intensive to verify.

doi:10.1371/journal.pone.0020961.t002
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37.6%
26.6%
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128 363
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2006
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90 720
66 859

2004
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41 152

2002
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32 519
19 521

2000
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13 614
10 357

1998
1997

7285
3972

1996

781
247

1995
1994
1993

Nr of Articles

Table 2. Results datasheet.
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Share of direct Gold OA articles of all scientific articles

Discussion
The results speak for the sustainability of OA as a form of
scientific publishing, with a large portion of pioneer journals still
active and the average number of articles per journal and year
almost doubled. It can also be concluded that the relative volume
of OA published peer reviewed research articles has grown at a
much faster rate than the increases in total annual volume of all
peer reviewed research articles. Within the last few years some
7
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Figure 3. The development of article volume within OA journals.
doi:10.1371/journal.pone.0020961.g003

high-volume and high-impact journals have made the switch to
OA which further increases the relative share of openly published
research.
OA journals also benefit from the fact that researchers and
other potential readers increasingly use general search engines and
free search engines like Google Scholar to search for articles, as
their material then is on equal terms with traditional subscription
articles.
Behind the aggregate numbers are a very heterogeneous lot of
OA journals. The majority are relatively newly founded journals
that have been open access online-only journals from the start. A
notable minority also consists of older established journals,
particularly journals published by scientific societies, which started
making OA online-versions of their journal available in parallel to
the printed subscription version. A large share of born-OA
journals have been founded by individual scholars on tailor-made
IT-platforms. These dominated the picture in the 1990s. Since the
year 2000 a number of professionally operating specialized OA
publishers have also entered the market, mainly using author-side
publishing charges as form of finance and benefiting from
economies of scale.

The development during the years 1993–2009 can roughly be
divided into three distinct phases, represented visually in Figure 4:
Pioneering years (1993–1999), Innovation years (2000–2004),
Consolidation years (2005–2009). It should be pointed out that
despite the quantitative analysis starting at the year 1993,
individual journals had already adopted OA models of publishing
before that. Early examples include ‘New Horizons in Adult
Education and Human Resource Development’ (1987-Present)
[29] and ‘The Public-Access Computer Systems Review’ (1989–
2000) [30], both of which content were distributed in plaintext
through mailing lists during the early years.
During the pioneering years (1993–1999) year-to-year growth
for both articles and journals was aggressive; however, one has to
remember that total numbers for these years were fairly modest as
presented in the results section. OA journals were almost
exclusively founded by scholars or groups of scholars and
published on technically simple platforms. The ‘‘business model’’
commonly consisted of voluntary labor combined with the
possibilities of using the editor’s university web servers free of
cost. The model bears similarities to the traditional Open Source
software production model.

Table 3. Descriptive statistics.

Born OA

Converted OA

Conversion year
indeterminable

Freely accessible
but requires
registration

Vanished
(website not Converted to
found)
paid access

Questionable
scholarly quality

Total

Small and midsize journals
(n = 521)

59.88%

35.51%

0.19%

0.77%

0.96%

0.58%

2.11%

100%

Large journals
(n = 44)

43.18%

56.82%

0%

0%

0%

0%

0%

100%

Pioneer OA
sample (n = 303)

66.01%

17.49%

0%

0.33%

8.25%

4.62%

3.30%

100%

doi:10.1371/journal.pone.0020961.t003
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During the consolidation years (2005–2009) year-to-year percentual increases for article volume has decreased from the peak years;
however, growth has still been around 20% annually with publishing
volume numbers dwarfing those of the earlier time periods. More and
more infrastructure supporting OA publishing has emerged. The
Directory of Open Access Journals (DOAJ) has become the primary
index of OA journals, and also provides long term archiving
possibilities via an agreement with the Dutch National Library.
Increasing numbers of individual journals have, and are adopting, the
free Open Journal Systems software. Licensing agreements suitable
for OA journals, primarily versions of Creative Commons licenses,
have also gained increasing acceptance. In the past few years several
new commercial OA publishers have entered the market. Some of the
big and long-established scientific publishers have started to offer open
access journals funded by author charges on a small scale. The Open
Access Scholarly Publishers Association has been founded to help OA
publishers and to set quality standards. Authors thinking about
publishing in OA journals are also helped by the fact that many
research funders nowadays allow OA publishing costs to be included
in research budgets, and that some universities have set aside
earmarked funds for this purpose.
This study and its findings serve as a natural continuation of
existing research. As outlined in the section describing earlier
research, there have been several studies inquiring into the same
phenomenon. However, the chosen method of sampling and data
collection add precision and uniformity to elaborating on
questions about the longitudinal development of OA which has
not been possible before. Benefiting from having a multilingual
research group, this study can be considered to be one of the most
inclusive so far with regards to sampling, as no journals had to be
excluded from the sample due to language issues. Furthermore,
due to the use of freely available source materials, the study serves
as a platform for future studies to extend upon with a larger
sample or an extended observation time frame.

Table 4. Estimations for 2009 shares of direct Gold OA in
major indexes.

All articles 2009

OA-articles 2009

Share of OA

1 470 000

112 782

7.7%

Scopus

1 391 438

94 160

6.8%

ISI

1 033 610

61 436

5.9%

Ulrich’s

doi:10.1371/journal.pone.0020961.t004

During the innovation years (2000–2004) strong growth was
maintained for both published OA journals and articles. New
business models for running OA operations on a wider scale
emerged. The author charge was pioneered by the new OA
publisher BioMedCentral, which, interestingly, was funded by
venture capital and was later purchased by Springer in 2008.
Public Library of Science was able to establish a handful of very
high-quality journals using a substantial start-up grant. In this
period the general digitization of established printed journals was
rapid and several society journals started to use the services of
HighWire Press [31]. In other countries and regions OA
publishing portals (i.e. Scielo in Latin America and J-stage in
Japan) enabled the journals they serviced to get a much wider
global exposure for their articles. In 2004 mainstream publishers
started experimenting with the hybrid model (e.g. Springer Open
Choice), which allowed authors of articles in traditional subscription journals to open up their article for a fee. It was also in this
period that OA advocacy became much more visible. Several web
declarations (e.g. the Budapest Open Access Initiative) laid down
the central principles of OA, and conferences and even conference
series dedicated to OA emerged.

Figure 4. The three major phases of OA development.
doi:10.1371/journal.pone.0020961.g004
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Abstract
Background: Open access (OA) is a revolutionary way of providing access to the scholarly journal literature made
possible by the Internet. The primary aim of this study was to measure the volume of scientific articles published
in full immediate OA journals from 2000 to 2011, while observing longitudinal internal shifts in the structure of OA
publishing concerning revenue models, publisher types and relative distribution among scientific disciplines. The
secondary aim was to measure the share of OA articles of all journal articles, including articles made OA by
publishers with a delay and individual author-paid OA articles in subscription journals (hybrid OA), as these subsets
of OA publishing have mostly been ignored in previous studies.
Methods: Stratified random sampling of journals in the Directory of Open Access Journals (n = 787) was
performed. The annual publication volumes spanning 2000 to 2011 were retrieved from major publication indexes
and through manual data collection.
Results: An estimated 340,000 articles were published by 6,713 full immediate OA journals during 2011. OA
journals requiring article-processing charges have become increasingly common, publishing 166,700 articles in 2011
(49% of all OA articles). This growth is related to the growth of commercial publishers, who, despite only a
marginal presence a decade ago, have grown to become key actors on the OA scene, responsible for 120,000 of
the articles published in 2011. Publication volume has grown within all major scientific disciplines, however,
biomedicine has seen a particularly rapid 16-fold growth between 2000 (7,400 articles) and 2011 (120,900 articles).
Over the past decade, OA journal publishing has steadily increased its relative share of all scholarly journal articles
by about 1% annually. Approximately 17% of the 1.66 million articles published during 2011 and indexed in the
most comprehensive article-level index of scholarly articles (Scopus) are available OA through journal publishers,
most articles immediately (12%) but some within 12 months of publication (5%).
Conclusions: OA journal publishing is disrupting the dominant subscription-based model of scientific publishing,
having rapidly grown in relative annual share of published journal articles during the last decade.
Keywords: Open access, scientific publishing

Background
Open access (OA) has expanded the possibilities for disseminating one’s own research and accessing that of others
[1,2]. OA, in the context of scholarly publishing, is a term
widely used to refer to unrestricted online access to articles published in scholarly journals. There are two distinct
ways for scholarly articles to become available OA, either
directly provided by the journal publisher (gold OA), or
indirectly by being uploaded and made freely available
somewhere else on the Web (green OA). Both options
* Correspondence: mikael.laakso@hanken.fi
Hanken School of Economics, Helsinki, Finland

increase the potential readership of any article to over a
billion individuals with Internet access and indirectly
speed up the spread of new research ideas. While the
majority of OA journals do not charge authors anything
for the services provided, a growing minority of professionally operating journals charge authors fees ranging
from 20 to 3800 USD, with an estimated average of 900
USD [3].
OA is closely related to developments in other media
content delivery businesses, and its ethos is well aligned
with the fundamental openness principle of science itself
as well as the ideologies behind Wikipedia and open

© 2012 Laakso and Björk; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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source software. However, what makes scientific publishing distinct is the influence journal prestige and rankings
have on journal selection for authors submitting article
manuscripts [4]. There are also vested interests to preserve the status quo of the current subscription market
among stakeholders, with dominant publishers seeing
OA as a potential threat to the bottom-line. Friction
caused by these and other factors can be argued to slow
down the process of OA adoption because journals are
not direct substitutes for each other and subscriptionbased journal copyright agreements can prohibit parallel
distribution of published content. However, following in
the footsteps of the National Institutes of Health in the
US, public research funders in the UK have recently
launched strategies to increase OA to publicly funded
research [5]. While the ultimate goal of increasing access
to publicly funded research is known and widely accepted
it is difficult to reach compromises that balance the longand short-term interests of the stakeholders involved [6].
Important changes in policy facilitating growth of OA
happen on many levels, influencing research publishing
both upstream and downstream. The examples from the
public funders in the US and UK are merely the most
ambitious movements so far: public and private research
funders large and small, universities, publishers and
research institutes all contribute to forming the evolving
OA landscape. The problem that has persisted with OA
since the start is the lack of readily available data for
how this particular subset of journal publishing is developing over time, an aspect which is described in closer
detail in the Methods section. Policymakers should have
an interest in knowing how common OA is today, how
fast the share of OA has increased and what proportion
of journal articles are currently OA? The purpose of this
study is to provide answers to these types of questions.
Aim of the study

This study focuses on providing measurement of the longitudinal development gold OA publication volume for
the years 2000 to 2011 as a whole and by subtype: full
immediate journal OA, delayed OA and hybrid OA. As
will be described in more detail further on, earlier studies
have mostly ignored the subset of delayed OA journals.
This is partly because there is no comprehensive index of
such journals similar to the service the Directory of Open
Access Journals (DOAJ) provides for immediate OA journals, and partly because of the divisive acceptance of
delayed OA as a valid form of OA. However, the subset of
delayed OA journals is both substantial in volume and is
populated with many high-quality journals; five of the 10
most-cited journals within Thomson Reuters Web of
Knowledge in the period from 1999 to 2009 are currently
delayed OA while the others are subscription-access only
[7]. Hybrid OA is the term commonly used for describing
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individual articles being provided openly within subscription-only journals through an optional author payment; it
is only recently that this type of OA has been properly
studied [8].
The chosen research aim is related to some existing
areas of OA research that warrant mention to clarify the
specific contribution of this study. Green OA is not part
of the scope of this study as that is a wholly different
research problem and one that requires its own set of
methods, as different versions of articles are scattered
around on the Web. Furthermore, this study does not
extensively discuss or evaluate the pros or cons of OA,
since there is already a well-developed body of literature
focusing on issues such as relationships between OA
and readership, citation or impact [9-12]. In summary,
the aim is to provide comprehensive and up-to-date
quantitative measurement of gold OA journals and articles. The results and data of this study can then potentially act as a foundation for more targeted research
enquiries.
Previous studies

Researchers have applied different methods to cope with
the lack of readily available quantitative data to study the
OA phenomenon, ranging from labor-intensive manual
article-counting [13-15] to automated Web-crawling
[16,17]. What is known about the early years of OA, both
gold and green, is mostly through a series of independent
studies providing snapshots for individual years based on
sampling various publication indexes. The fact that studies have been based around OA prevalence within different publication indexes and the diverse adopted
sampling methods makes comparisons or composition of
longitudinal development inexact. Nevertheless, these are
the best figures currently available. The earliest comprehensive study suggests the 2003 share for gold OA to
have been 2.9% for articles included in the Thomson
Reuters Web of Knowledge [18]. The next study was performed for the 2006 publication volume based on data
from UlrichsWeb [19] and the DOAJ [20], where a gold
OA share of 8.1% and a green OA share of 11.3% resulted
in a combined OA share of 19.4% [14]. For 2008 articles,
the Thomson Reuters Web of Knowledge gold OA share
was measured to be 6.6% and green OA 14%, resulting in
a figure of total OA of 20.6% [21]. Also for 2008, a largescale study based on English-language journals listed in
the DOAJ calculated that 120,000 articles were published
OA either through full immediate OA journals or as individual hybrid OA articles [22]. The first comprehensive
longitudinal study on the volume of articles published by
full immediate OA journals in the DOAJ resulted in an
average annual year-on-year growth rate of 30% from
2000 to 2009, with some 191,000 articles published during 2009 [13]. Another longitudinal study, including both
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gold and green OA, produced a total OA share of 23.1%
for Thomson Reuters Web of Knowledge indexed articles
published during 2010 [16]. Outside of this 2010 study of
Thomson Reuters Web of Knowledge, there are no comprehensive measurements for OA volume since 2009.
This study is designed to provide a longitudinal study
implementing a well-documented and easily replicable
methodology, producing results applicable to multiple
publication indexes, producing results that are easy to
follow-up and compare with future measurements.

Methods
Sampling

The study is founded on the assumption that the full
population of OA journals is listed in the DOAJ. There
are OA journals not indexed in this database, but systematically identifying them is not feasible. Because the
majority of the 7,372 journals listed in the DOAJ on 1
January 2012 were not included in any indexing service
that would reliably keep track of their article output, nor
the exact year previously subscription-based journals
have converted to OA, gathering data is largely a manual
task and one of the major practical challenges for the
execution of studies of this type. To strike a balance
between feasibility and reliability, stratified random sampling with unequal probabilities was utilized, a sampling
method that has proven suitable for similar studies in the
past [13]. An argument for adopting this approach in
favor of fully random sampling is that the population of
OA journals is highly heterogeneous, where a small number of titles output a large proportion of the total article
volume [22]. The fact that large journals can be identified
with a high degree of certainty through various indexing
services also means that reliable, readily available article
count information can be used for journals responsible
for a major part of the total OA output. A visualization
of the sampling is provided in Figure 1A cross-analysis of
data available from SCImago [23], Thomson Reuters
Web of Knowledge [24] and the DOAJ identified 103 OA
journals that had published over 200 articles annually
during 2009, 2010 or 2011; these were included in the
large journal stratum. The rest of the 7,269 DOAJ journals
were represented by a second stratum with a sample of
684 journals selected at random among them, each given
an observation weight of 10.62719 (684 × 10.62719 =
7269). The stratum of large journals was only applied an
observation weight of 1 since the population of that stratum is exhaustively sampled.
Data collection

Through a previous study using identical sampling and
data collection methodology [13], data for 565 journals
spanning publication volumes for 2000 to 2009 could be
re-used, with only the need to gather publication volumes
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for two additional years. Since the existing data material
lacked coverage for journals added to the DOAJ during
2010 and 2011, an additional randomly selected sample
was drawn out of the journals added within the two missing years adhering to the same sampling probability as
the pre-existing sample (0.1011), with 222 new journals
added to the existing sample of 565 journals.
Where journal publication volumes could be retrieved
from either SCImago or Thomson Reuters Web of Knowledge, such data was used. For the majority of journals, the
individual journal websites were visited and the annual
entries collected manually. It is worthwhile to note that
journals often include editorials, news, book reviews,
obituaries and other non-research content. Such material
was excluded from all measurements in this study. To provide an accurate representation of retrospective OA
volume, articles were not collected for subscription-only
journals prior to publishing OA. Determining when a journal has initiated OA publishing often requires manual
investigation as the information is not always made explicit on the webpages, and the data concerning this is often
incorrect in the journal metadata available in the DOAJ.
To support the analysis of the sampled journals, additional
data from Scopus [25] and Thomson Reuters Web of
Knowledge was utilized in addition to the data that is
already available through the DOAJ.

Results
The longitudinal development of full immediate OA article volume spanning 2000 to 2011 is presented visually in
Figure 2 and numerically in Table 1, where a breakdown
of the total volume is provided for articles split into three
different categories: online-only journals that require an
article-processing charge, online-only journals that do not
require an article-processing charge, and journals that still
output print versions for subscribers but have all articles
available OA online. It is important to point out that journals still producing a print version might also require an
article-processing charge in addition to having income
from subscriptions. However, such differentiation is not
provided here due to the relative rarity of such journals as
well as a desire to focus on these three mutually exclusive
business models specifically.
Overall there has been growth in the annual output
among all three categories since the year 2000, going
from a total volume of 20,700 articles in 2000 to 340,000
in 2011. Not depicted in Figure 2 but provided in Table 1
is the number of active OA journals for each respective
year (journals with at least one article published during
the respective year), which has increased from 744 journals in the year 2000 to 6,713 in 2011. The average number of articles per journal has also seen a constant
increase, with an average of 26 articles per journal in
2000, 33 in 2005, and 51 for 2011. However, a reminder
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Figure 1 Visualization of the sampling.

about the skewed nature of article distribution among
journals is relevant here. There is a handful of journals
publishing more than 1,000 articles per year and thousands of journals publishing only a few articles annually.
Inspecting the internal structure of the total article
mass reveals some major shifts that have happened over
the course of a decade. Journals that also publish a parallel print version, which are often old, established journals that decided to make the online version free when
they started putting their content on the Web, provided
the majority of the OA content up until the year 2008
where, for the first time, online-only journals took the
lead in terms of output volume. Since 2008, the onlineonly journals have sustained a much stronger growth
while the OA output provided by journals outputting a
print version has plateaued to annual volumes between
100,000 and 110,000 articles. The latter group includes

a lot of society journals registered with dedicated portals
like SciELO [26], Redalyc [27] and J-Stage [28] providing
the technical platform for electronic publishing. Journals
with author-processing charges have seen breakout
growth during the last three years, going from 80,700
articles in 2009 to 166,700 articles in 2011.
Cross-analysis of the sample with the titles listed in
Thomson Reuters Web of Knowledge index and Elsevier’s Scopus index was performed, only including the
titles present in the respective index to calculate the
share of OA articles of all peer-reviewed articles. Table 2
provides the main results of this analysis, presented as
longitudinal breakdowns of publisher-provided OA in
the two indexing services. Nearly half of all full immediate OA articles published during 2011 were outside of
Scopus and two thirds outside of Thomson Reuters Web
of Knowledge, meaning that a large portion of article OA
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Figure 2 Annual volumes of articles in full immediate open access journals, split by type of open access journal.

article volume lacks coverage in major publication
indexes. This issue highlights the importance of using
manual data collection methods in OA studies because
data available from indexes only provide part of the total
picture. In addition to the results concerning full
immediate OA journals, Table 2 also contains volume
data for two other types of publisher-provided OA in
each respective index: delayed OA and hybrid OA.
Of the 1.66 million articles indexed by Scopus in 2011,
11% were published in full immediate OA journals, 0.7%
as hybrid OA and 5.2% in journals that have a maximum
OA delay of 12 months. Together, these account for
almost 17% of the total article volume in the whole index.
The figures for articles indexed by Thomson Reuters Web
of Knowledge are comparable to those of Scopus, with a
total publisher-provided OA rate of 16.2% for 2011. Of the
1.29 million articles indexed by Thomson Reuters Web of

Knowledge, 7.9% are available in full immediate OA journals, 0.7% as hybrid OA and 6.4% in journals that have a
maximum OA delay of 12 months. Overall the results suggest that there has been an increase of about one percentage point annually in relative OA volume in both Scopus
and Thomson Reuters Web of Knowledge during 2008 to
2011.
Figure 3 presents the longitudinal development of OA
publisher output as measured by the number of articles
output by publishers based in different regions of the
world. This figure, and all that follow, only includes full
immediate OA journals, excluding delayed and hybrid
OA. Prior to interpretation it needs to be noted that this is
a publisher-centric analysis. In some cases, the publisher is
not registered within the same country, or even region of
the world, as the journal. The results suggest that Latin
American countries were early to have substantial OA

Table 1 Estimated annual article and journal counts in full immediate open access journals
Year
Online-only OA journals (APC) Articles
Journals
Online-only OA journals (no
APC)
Subscription-based print
journals with OA content
online
All OA journals

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

795

2332

4,936

6,247

7,532

12,143

17,256

25,949

40,689

54,296

53

120

167

189

2010

2011

90,932 136,264

256

344

425

630

950

1,239

1,494

1,824

5,445 10,690 13,844 17,238 20,106

26,626

33,067

38,991

46,362

62,521

81,421

93,513

Journals
334
484
613
804 1,006
Articles 14,461 23,095 27,234 39,814 51,614

1,272
66,494

1,538
75,486

1,793
2,048
2,399
2,548
2,495
86,691 100,393 108,793 116,003 110,353

Articles

Journals
357
550
630
847 1,106
1,375
1,539
1,819
2,011
2,149
2,170
2,395
Articles 20,702 36,117 46,013 63,299 79,253 105,262 125,809 151,630 187,444 225,610 288,357 340,130
Journals

APC: article-processing charge; OA: open access.

744

1,154

1,410

1,841

2,368

2,991

3,502

4,243

5,010

5,788

6,213

6,713

Laakso and Björk BMC Medicine 2012, 10:124
http://www.biomedcentral.com/1741-7015/10/124

Page 6 of 9

Table 2 Proportion of publisher-provided (gold) open access in major indexes
Articles indexed in Scopus
Totala
In full immediate OA journalsb
Share of articles published in full immediate OA journals
Hybrid OAc
Delayed OAd
Total share OA
Articles indexed in Web of Knowledge
Totale
In full immediate OA journalsb
Share of articles published in full immediate OA journals
Hybrid OAc
Delayed OAd
Total share OA

2008

2009

2010

2011

1,469,286

1,550,413

1,588,636

1,658,643

118,751

133,817

163,670

181,706

8.1%

8.6%

10.3%

11%

4,718

8,095

10,135

12,089

78,054

82,271

81,404

85,714

13.7%

14.5%

16.1%

16.9%

2008

2009

2010

2011

1,154,803
76,537

1,203,692
85,852

1,235,202
103,514

1,294,051
116,192

6.6%

7.1%

8.4%

9.0%

3774

6476

8108

9671

76,076

80,338

79,058

83,420

13.5%

14.3%

15.4%

16.2%

a

All articles + reviews, retrieved 22 May 2012 through scopus.com; bresults of this study; cresults of previous research [8]; dresults of an ongoing study by the
authors, based on absolute volume calculations for articles in 462 unique journals available through HighWire Press, PubMed Central, Elsevier and so on with an
open access delay of 12 months or less; eall articles + reviews included in the Science Citation Index Expanded, Social Sciences Citation Index, Arts & Humanities
Citation Index, retrieved 22 May 2012 through apps.webofknowledge.com. OA: open access.

output, possibly due to the early availability of the SciELO
portal. However, the region has not increased its output at
a similar rate as North America, Asia or Europe, who have
multiplied their outputs between 2005 and 2011.
Figure 4 presents the total OA article volume for 2000,
2005 and 2011 split according to publisher type. The analysis shows that the early years of OA publishing were
largely driven by scientific societies, professional associations, universities and their departments as well as individual scientists. Scientific societies and universities have

Figure 3 Open access publisher output across geographic regions.

maintained strong growth throughout the decade, while
scientist-driven publication has been overshadowed by
the article volume produced by the more formally organized publisher types. The most dramatic development
since 2005 is the rapid increase in articles published by
commercial publishers, jumping from 13,400 articles in
2005 to 119,900 in 2011, resulting in commercial publishers currently being the most common publisher of
OA articles. The category of professional non-commercial publishers is a new type of publisher that has rapidly
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Figure 4 Open access publisher type analysis.

emerged during the last few years, largely attributed to
the journals published by the Public Library of Science.
Figure 5 presents the OA article volumes for the years
2000, 2005 and 2011 split across the major scientific disciplines, with an additional category for general science
journals. Throughout the decade, articles in journals
broadly related to biomedicine have held the lead in
terms of article volume, and since 2005 the gap to the
other disciplines has been further extended. Biomedical
journals published 120,900 articles in 2011, constituting
35.5% of the total OA article output for the year. In second place in terms of volume for 2011 is the social
sciences and humanities, almost tied with earth and
environmental sciences in third place, publishing 56,000

Figure 5 Open access across major scientific disciplines.

and 54,900 articles respectively. Coming in fourth place
in terms of size is engineering, which is the discipline
that has seen the most dramatic relative growth between
2005 and 2011, from publishing only 4,800 articles in
2005 to 37,500 articles in 2011. In fifth place for 2011 is
physics and astronomy with 16,000 articles; however,
previous studies have shown there to be particularly
strong practice and supporting infrastructure for parallel
publication within this discipline, potentially lessening
the demand for OA journals [21]. Chemistry and chemical engineering is sixth in terms of size with 12,700 articles in 2011, followed by general science journals and
mathematics at the tail end with 12,600 and 7,200 articles respectively. The category of general science
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journals is a relatively new one with only marginal
volume until recently. Journals belonging to this category have little or no limitations with regards to
research subject or scope. Though it could be argued
that PLOS ONE is a general science journal, the vast
majority of actual articles published so far have been
within the scope of biomedicine, thus that specific journal was placed within the biomedicine category for this
coarse disciplinary breakdown.

Discussion
Over the course of the last decade, OA journal publishing
has grown universally across diverse types of journal publishers, geographical regions and scientific disciplines.
This has resulted in a continuously growing proportion
of journal articles being published OA for each year that
has passed, with the most recent measurement from this
study being 17% when delayed OA articles with a maximum embargo of 12 months are included. However,
despite all the studied dimensions showing increases in
annual article output over the decade, the results of the
study show that growth has not been uniform across the
board. OA publishing seems to be in a very dynamic
growth phase, with major shifts in the internal composition happening in a relatively short span of time.
A major strength of the study is associated with the
labor-intensive manual approach to data collection,
where the annual article volumes for each journal
included in the sample was registered for the years 2000
to 2011. This approach reduces the risk of using incorrect, skewed or incomplete source data. The methodological transparency should also enable others to produce
comparable numbers to follow-up and compare with the
measurements provided here. What can be held as a
weakness is the reliance on sampling rather than complete population coverage, however, such an approach is
not feasible with the indexing tools currently available
and manually collecting the data for over 7,000 journals
is a very labor-intensive task.
In comparison with existing studies, this is not only the
first study to provide comprehensive gold OA measurement for 2010 and 2011, but the results for the earlier
years studied are also more accurate and representative
of the actual volumes published at the time. The previous
directly comparable study suggested that 191,000 articles
were published by full immediate OA journals during
2009 [13], whereas this study suggests the volume for the
same year to actually be 225,600. The discrepancy in retrospective annual volumes between these two studies, or
any other earlier study using data from the DOAJ, is
influenced by the time-lag between the time journals
actually start publishing OA and the time they get registered to the DOAJ. In part, this is because journals have
to submit a request to the DOAJ to be added, meaning
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that journals rarely are registered from the first issue they
publish, if at all. Another issue is the time the DOAJ
takes to process new addition requests; as of September
2012 the backlog of journals currently in queue for evaluation is described as being ‘huge’ on the DOAJ contact
page [20]. Exploring this issue more closely through the
sampled journals, it appears that over half of the sampled
journals added to the DOAJ during 2010 and 2011 had
been publishing OA already prior to 2010, with a handful
of cases publishing OA for over a decade prior to DOAJ
registration. As was noted in the introduction, most
other earlier studies have been limited by only looking at
specific OA subsets for specific years, and are thus not
directly comparable. However, despite this inability to
compare our estimates directly with earlier studies
because of methodological incompatibilities, all the
results nevertheless speak for the notion of a strong longitudinal growth for OA, particularly so for the biomedical
research field.
The results, in particular the finding that approximately
17% of scholarly journal articles are already now made
openly available on the Web within a year by the publishers, should be an important input for the policy discussions on OA in venues like the US Congress, the
European Commission and the UK Finch Committee
that recently published its report with OA-guidelines for
British research funders [6]. This study also sheds new
light on the relative contributions of the two complementary routes for achieving OA, the publisher-provided gold
route and the author-provided green route, indicating
that the contribution of gold (both immediate and articles withheld for short embargo periods) is much larger
than many earlier estimates. The results should also be
considered together with two other recent studies [3,9].
These studies suggest that the level of article-processing
charges paid is on average around 900 USD, which is
lower than generally believed, and that the scientific
impact of OA journals founded in the last decade, and in
particular in biomedicine, is on par with similar subscription journals, as measured by average number of
citations.
It no longer seems to be a question whether OA is a
viable alternative to the traditional subscription model
for scholarly journal publishing; the question is rather
when OA publishing will become the mainstream model.
What remains to be seen is whether the growth will continue at a similar rate as measured during last few years,
or if it will accelerate to an even steeper part of the
S-shaped adoption pattern typical of many innovations
[29]. As in many other markets where the Internet has
thoroughly rewritten the rules of the game, an interesting
question is if new entrants, like Public Library of Science
and BioMed Central, will take over the market or if the
old established actors, commercial and society publishers
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with subscription-based revenue models, will be able to
adapt their business models and regain the ground they
have so far lost. Future studies on the internal structure
of OA publishing are likely to witness the anatomy transforming yet again. Most of the major internal shifts in
OA journal publishing have only happened fairly recently
during the last few years and, judging by the momentum
at which things are moving, it is hard to imagine the
internal dynamics settling down any time soon.
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Delayed open access (OA) refers to scholarly articles
in subscription journals made available openly on the
web directly through the publisher at the expiry of a set
embargo period. Although a substantial number of
journals have practiced delayed OA since they started
publishing e-versions, empirical studies concerning OA have often overlooked this body of literature.
This study provides comprehensive quantitative measurements by identifying delayed OA journals and collecting data concerning their publication volumes,
embargo lengths, and citation rates. Altogether, 492
journals were identiﬁed, publishing a combined total of
111,312 articles in 2011; 77.8% of these articles were
made OA within 12 months from publication, with
85.4% becoming available within 24 months. A journal
impact factor analysis revealed that delayed OA journals have citation rates on average twice as high as
those of closed subscription journals and three times
as high as immediate OA journals. Overall, the results
demonstrate that delayed OA journals constitute an
important segment of the openly available scholarly
journal literature, both by their sheer article volume
and by including a substantial proportion of highimpact journals.

Introduction
Open access (OA) is a term widely used to refer to
unrestricted online access to articles published in scholarly
journals. Scientists started experimenting with open access
journals in the early 1990s, but the term itself was coined
around the year 2000. There are a number of semiofﬁcial
deﬁnitions of OA, but the most widely quoted is the one
included in the declaration of the Budapest Open Access
Initiative meeting in 2001 (BOAI, 2001):
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By “open access” to this literature, we mean its free availability
on the public internet, permitting any users to read, download,
copy, distribute, print, search, or link to the full texts of these
articles, crawl them for indexing, pass them as data to software,
or use them for any other lawful purpose, without ﬁnancial,
legal, or technical barriers other than those inseparable from
gaining access to the internet itself. The only constraint on
reproduction and distribution, and the only role for copyright in
this domain, should be to give authors control over the integrity
of their work and the right to be properly acknowledged and
cited.

The BOAI deﬁnition is rather liberal in that it grants users a
great deal of freedom to do what they want with the published content. OA is, however, not a simple on–off phenomenon in which a publication either is OA or is not. Ideally, an
article is open from day one, directly through the publisher’s
own website and provided with extensive and well-deﬁned
usage rights (known as libre OA), which are often deﬁned by
referring to a Creative Commons license. Less ideal forms
restrict speciﬁc usage of the published content (e.g., no
redistribution, human reading only), limit openly available
copies to nonﬁnal manuscript versions, or delay the open
availability through an embargo period. In an attempt to
provide an overview of the key variables involved, Figure 1
lists some criteria according to which OA can be classiﬁed.
The categories applicable to this study are listed in italics.
Earlier efforts at identifying and labeling different
aspects of OA have been made; recognizing the complexity
of the phenomenon is nothing new. In his seminal book,
Willinsky (2005) describes 10 ﬂavors of OA, including
delayed OA. Figure 1 includes within its scope both what in
the OA debate is commonly called gold OA (provided by the
publisher) and green OA (manuscript copies provided by the
author and other parties). Interestingly, gold OA is by deﬁnition always immediate, whereas green OA includes
delayed articles, resulting from publisher embargoes or
delays in self-archiving. Thus gold and green OA are not two
opposite concepts; rather, gold + delayed OA should be contrasted with green OA.
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OA classiﬁcation table: Scope of study in italics.

By the strict BOAI deﬁnition, the term delayed OA is
something of an oxymoron. On his FAQ pages concerning
the Budapest Open Access Initiative, leading OA advocate
Peter Suber answers the question “Is open access compatible
with an embargo period?” in the following way:
No. Open access is barrier-free access, and embargo periods are
barriers to access. Many of the beneﬁts of open access are not
achieved when embargoes are in place. However, while delayed
free access does not serve all the goals of the BOAI, it does
serve some of them. Just as open access is better than delayed
access, delayed free access is better than permanently priced
access. (Suber, 2011)

Because this study is not bound by the BOAI deﬁnition and
adopts a more inclusive perspective, the term delayed OA is
used to refer to this category of journals.
The usefulness of different types of OA varies, but it can
be argued that any kind of access is better for prospective
readers than restricting access to only subscribers or payper-view customers. If a web search is done for the full texts
of a large number of randomly selected scholarly articles in
a setting with no subscription access, the copies found are
most likely a mixture of different OA categories. However,
OA background variables such as usage rights, provision
mechanisms, type of copy, and when the article was made
openly available are not likely to be key concerns for a
reader just wishing to read the article; obtaining a full-text
copy of the article is most likely the highest priority.
In a broader perspective, the value of different types of
OA can also be seen as a function of the typical readership
patterns and citing behaviors of academic researchers.
Recently published literature is mostly read in what can be
called “current awareness” reading, in which scholars
rapidly scan the tables of contents of particularly interesting
journals that they follow, often prompted by table-ofcontents e-mails. Various web tools have also become
increasingly important sources for tracking when relevant
articles matching speciﬁc interest proﬁles have been
1324

published. Articles published in earlier years are more likely
to be encountered via keyword searches, by citations, or by
recommendations from colleagues. For such cases, delayed
OA is as good as immediate OA. For instance, King et al.
(2009) found that roughly half of all scientiﬁc articles read
are at least 1 year old. One could argue that the value of
reading an article tracked down through a reference is higher
in terms of impact on scholarship than the average current
awareness reading.
The beneﬁt of delayed OA (as deﬁned for his study,
excluding delayed green OA) being provided in the original
version directly through the publisher is also of relevance. In
a survey distributed among U.K. scientiﬁc societies, 52% of
the survey respondents said they would not opt to access
green manuscript copies even when they do not have access to
the published version (Morris & Thorn, 2009). Some answers
suggested that the integrity of self-archived author manuscripts is questioned, whether the content is fully identical to
the actual published version. In some ﬁelds of science, it is
also important to be able to cite speciﬁc pages in publications,
which can be problematic with manuscript copies.
Previous Research
As delineated in the Introduction, this study focuses on
publisher-provided delayed OA of original subscription publications. Most studies providing quantitative measures of
the prevalence of OA have overlooked this part of the OA
spectrum. This is due partially to the fact that there is no
comprehensive index of such journals similar to the service
that the Directory of Open Access Journals (DOAJ) provides
for immediate OA journals and partially by the divided
opinions concerning delayed OA as a valid form of OA. In a
discussion about the lack of an aggregating index, Jacsó
(2011) suggested that delayed OA journals should be added
to the DOAJ as a separate category, motivated by the fact
that the population is made up of many widely read and cited
journals with a combined historical archive exceeding 2
million articles. To emphasize this point, it is worth mentioning that ﬁve of the 10 most cited journals in the Web of
Knowledge during 1999–2009 provide delayed OA (Sciencewatch, 2009).
Among the few quantitative studies available, that of
Björk, Roos, and Lauri (2009) is the ﬁrst to explore delayed
OA article volumes and embargo lengths as part of a larger
OA study. By sampling article volumes for delayed OA
journals listed in HighWire Press, the authors found that 234
delayed OA journals published an estimated 47,499 articles
during 2006. The embargo distribution among the articles
was 11.5% 2 to 6 months, 81.2% 12 months, and 7.3% with
an embargo of 24 months or longer. Based on an approximation for the total number of articles published during
2006, these delayed OA articles made up 3.5% of all published articles.
In contrast to Björk et al. (2009), who used journal
annual article volume data as the base data for analysis,
Björk et al. (2010) used a bottom-up methodology in which

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY—July 2013
DOI: 10.1002/asi

the metadata of randomly selected articles were used to
estimate the open availability of the total body of scholarly
articles published during 2008. Through a manual web
search for the individual articles included in the sample and
classiﬁcation of found full text hits into speciﬁc OA types,
the authors were also able to estimate the prevalence of
delayed OA, which was 1.2% of the total OA rate of 20.4%.
This low result compared with the earlier study highlights
the challenge to correctly identify delayed OA for random
individual articles, because many journals do not explicitly
state their delayed OA policy on their web pages, much less
directly within the full-text articles.
In a study commissioned by the Association of Learned
and Professional Society Publishers, a survey was sent out
to the main contact persons of a large number of scholarly
journals, including delayed OA journals webhosted by
Highwire Press (Kaufmann-Wills Group, 2005). An interesting question in the survey focused on which groups had
inﬂuenced the decision to offer delayed OA. The most frequently reported groups were full OA proponents, society
members, authors, publishing oversight bodies, and the
journal publisher. The study also included 22 in-depth case
studies of journals, some of which offered delayed OA. A
general ﬁnding was that delayed OA was relatively
common among society journals. Society journals seemed
to have found a working recipe for continuing as subscription journals while not fearing too much loss of revenue
even though they open up the e-versions after an embargo
period. Society publishers, while recognizing the importance of protecting their revenue and continuing high-end
publishing services, also might value OA as an important
part of their “mission.”
Waltham (2005) provides a rare insight into the ﬁnancial aspects involved in implementing delayed OA for previously subscriber-only journals. The study reports ﬁgures
for delayed OA inﬂuence on journal subscriptions for 10
Oxford University Press journals. Compared with the subscriber ﬁgures prior to providing delayed OA, two journals
with an embargo period of 6 months saw an average subscriber decrease of 6% and eight journals with a 12-month
delay a reduction of 2%. These results show some degree
of reduction in subscription income; however, with a
sample so small, the conclusions should not be extensively
generalized.
Aim of This Study
The aim of this study is to identify scholarly peerreviewed journals continuously providing OA to full issues
after a set embargo period and to collect data regarding
embargo lengths and articles published during 2011. By
analyzing these data, we can estimate the total volume of
delayed OA and provide an analysis of article volumes per
embargo length.
A retrospective longitudinal study of the development
over time of delayed OA would require accurate records for
when individual journals have started or ceased publishing

the OA volumes. This was found to be excessively labor
intensive, so the study was limited to articles published
during 2011.
In addition to the volume of delayed OA articles, another
aim was to measure the scientiﬁc impact, in terms of average
citation rates compared with closed journals and immediate
OA journals. The aim was not to attempt an estimate of the
inﬂuence of the open availability on the number of citations
(the so-called citation effect of OA) but to measure the effect
of delayed OA on the availability of cited articles. The
method for this was developed in a recent study (Björk &
Solomon, 2012), and some data from that study could be
reused.

Methods
Data collection was set up as a two-stage process. First, a
list of delayed OA journals was composed by combining
data from multiple sources. In addition to journal title, publisher, and embargo length, the ISSN/eISSN codes were
considered essential data for enabling cross-analysis with
major publication indexes during the later stages of data
analysis. Second, the annual article volumes for the identiﬁed journals were collected by retrieving data available in
major publication indexes or by manually visiting the web
pages for individual journals. Data were collected during
May and June 2012. Details for how both steps in the
process were conducted is provided in the remainder of this
section.
The ﬁrst step of the process, compiling the aggregate
list of delayed OA journals was largely explorative,
because there is currently no comprehensive pre-existing
listing or database that could be used for the purpose. The
goal of the data collection was to identify journals publishing content openly on the web with a delay from the
original publication date, thus excluding full immediate
OA journals from the scope. In the end, journals were
identiﬁed from six main sources: HighWire Press, PMC,
Elsevier, the Wikipedia page for delayed OA journals,
delay OA journals discovered during a previous study
(Björk et al., 2010), and additional individual journals
known to the authors.
HighWire Press, a division of the Stanford University
Libraries, provides online access to a large number of journals as well as other scholarly literature. Although the
majority of the 1,349 journals listed in HighWire Press at the
time of the study were subscription or pay-per-view only, 38
were self-reported as full immediate OA and 240 journals as
offering delayed OA with the added criterion of having
published at least one volume between the years 2005 and
2011 (HighWire Press, 2012). Although exact historical
records for the increase of delayed OA journals in HighWire
Press are not available, it can be derived from chart data
provided by Waltham (2005) that there were about 85 such
journals in 2001 and about 170 journals in 2005, and this
study places the number at 240 for 2011.
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PMC, a free full-text archive of biomedical and life sciences journal articles, provides access to full journal
volumes as well as individual articles or manuscripts of
articles published in subscription journals. As this study
focuses on delayed OA of complete journal volumes, individual articles made available in PMC were not included in
the calculations. Some publishers deposit articles stemming from NIH grants directly into PMC, usually with a
delay, rather than having the authors self-archive the manuscript versions, but such articles were not included in the
study. The total journal count of PMC at the time of the
study was 1,564 (PubMed Central, 2012); however, after
removing journals registered as depositing only selected
articles, full immediate OA journals listed in the DOAJ,
journals that did not published anything during 2005–2011,
and journals that are listed as not depositing any new
content to the repository, 186 delayed OA journals
remained.
Elsevier, a major publisher of scientiﬁc journals, provides
a convenient list of journals for which they provide delayed
OA. At the time of the study, this list contained 73 titles
(Elsevier, 2012). The Wikipedia page for the category of
delayed OA journals included 60 journals for which the web
pages were active and available for article counting at the
point in time of the study (Wikipedia, 2012). Through a
previous study in which the availability of randomly
selected articles and the OA model through which they were
delivered were studied (Björk et al., 2010), we had previously collected information about eight individual journals
providing delayed OA. Five other journals of which the
authors were aware were also added.
Listing all the identiﬁed journals together and removing
duplicates resulted in 492 unique delayed OA journals. It
should be pointed out that this list is conservatively composed; in cases in which there was doubt about the delayed
OA status of the journal, it was not added from the
source.
For the second step of the data collection process, data
were gathered from three different sources. Web of Knowledge provided article volume data for journals included in
that index, Scopus provided data for journals not indexed by
Web of Knowledge but indexed by Scopus, and ﬁnally
manual article counting was performed for the remainder of
the journals not covered by either index. Because 409 of the
journals are included in the Web of Knowledge index, most
of the data could be gathered by querying the service with
ISSN/eISSN codes. It is worthwhile to note that journals
often include editorials, news, book reviews, obituaries, and
other nonresearch content. Such material was excluded from
all data, both data retrieved from indexes and manually
gathered data.
Performing the analysis by article numbers, rather than
based on the number of journals, is an important aspect of
this study and is similar to methods used in a number of
earlier studies from our research group. In this connection, it
was particularly important because the average article
volume of the delayed OA journals is more than 200, com1326

pared with an average of about 110 for all Web of Knowledge journals (Björk et al., 2009) and about 50 for
immediate OA journals (Laakso & Björk, 2012). Hence the
impact of these articles eventually becoming OA is far
greater than the number of journals might initially suggest.
Analysis and interpretation of the data were very straightforward; sampling was not needed, and the data could be
processed unweighted because everything is based on absolute numbers. However, one caveat to performing this type
of time-sensitive study retrospectively, even for just a single
year ago, is the lack of data on when identiﬁed journals
started providing delayed OA. When such information was
unobtainable from the originating data source, the assumption was that a journal currently providing delayed OA did
so for the full 2011 calendar year.
Although almost all identiﬁed journals provide unrestricted access to articles once the embargo period has
expired, there are journals that require readers to register
for a free account before granting access to full text
content. An example we came across is Science, which has
an embargo of 12 months, after which registered users can
access the journal content. Ultimately, we decided to
include such journals as well. One argument for this is the
rarity of this requirement; another is that interested readers
are unlikely to be hindered by having to sign up if that
enables them to access the requested content for free and
that the articles, despite the registration barrier, are indexed
in most indexing services and ﬁndable through web search
engines.
Results
Altogether 492 journals were identiﬁed, publishing a
combined total of 111,312 articles in 2011; 77.8% (86,599)
of these articles were made open access within 12 months
from publication, with 85.4% (95,109) available within 24
months. Very few journals have embargos exceeding 48
months. Figure 2 shows the embargo distribution among the
articles.
During the data collection, all delayed OA publishers
were categorized into six major categories based on what
kind of organization is publishing the journal. The article
volumes output by the six publisher categories is provided in
Figure 3, together with a comparison with article volumes of
immediate OA journal publishers (Laakso & Björk, 2012).
The publisher analysis revealed that 98% of the 111,312
delayed OA articles were published by three of the six publisher categories: 52% by scientiﬁc societies or professional
associations, 33% by commercial publishers, and 13% by
university press publishers. The relative distribution among
the publisher categories is more skewed toward the three
aforementioned categories compared with publishers of
immediate OA articles. The distribution among publisher
types is also markedly different compared with scientiﬁc
journals in general. In 2009, the overall distribution
of article output by publisher type of journals included
in the Web of Knowledge index was reported to be 64%
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FIG. 2.

Embargo expiry timeline for delayed OA articles.

FIG. 3.

Publisher category analysis.

commercial (including some proportion of publishing for
societies), 30% society publishers, 4% university presses,
and 2% other types of publishers (Ware & Mabe, 2009); that
is, delayed OA is composed of a higher proportion of society
publisher output and a lower proportion of commercial publisher output than journals in general.
Previous studies have indicated that delayed OA journals
include many widely cited publications. To study this, a
comparison between closed journals, immediate open access
journals, and delayed OA journals was performed. Comparing the scientiﬁc quality of journals is a challenging task, and
the only feasible method in our case was to rely on readily

available data on average journal citation levels (impact
factors). The analysis of impact factors for journals included
in the Web of Knowledge index (Table 1) shows that delayed
OA journals exceed comparable scientiﬁc impact averages
for closed journals as well as immediate OA journals, calculated on both journal and article levels.
The article volume estimations of this and a previous
study (Laakso, & Björk, 2012) can be combined with the
average impact factors presented in Table 1 to analyze the
accessibility of articles cited in the Web of Knowledge.
The analysis is restricted to articles in journals tracked by
the Web of Knowledge and of citations in journals included
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in the index. The focus is on the citations, not the articles
behind them, so an article cited 100 times gets as much
weight as the number of citations. The analysis shows that
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list assembled for this study can offer a starting point for
improved coverage for delayed OA journals in the future.
Having such a centralized service for delayed OA journals would also facilitate OA prevalence studies using robotized tools, which usually perform the searches with
metadata of articles published at least 1 year old (Gargouri,
Lariviàre, Gingras, Carr, & Harnad, 2012). With such a list
with ISSN numbers, the copies found could more easily be
split into immediate OA, delayed OA, and green copies.
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Abstract The degree to which scholarly journal articles published in subscription-based
journals could be provided open access (OA) through publisher-permitted uploading to
freely accessible web locations, so called green OA, is an underexplored area of research.
This study combines article volume data originating from the Scopus bibliographic database with manually coded publisher policies of the 100 largest journal publishers measured
by article output volume for the year 2010. Of the 1.1 million articles included in the
analysis, 80.4 % could be uploaded either as an accepted manuscript or publisher version
to an institutional or subject repository after one year of publication. Publishers were found
to be substantially more permissive with allowing accepted manuscripts on personal
webpages (78.1 % of articles) or in institutional repositories (79.9 %) compared to subject
repositories (32.8 %). With previous studies suggesting realized green OA to be around
12 % of total annual articles the results highlight the substantial unused potential for green
OA.
Keywords
policy

Open access  Self-archiving  Scientiﬁc publishing  Science

Introduction
Open access (OA), a term that refers to free and unrestricted access to scholarly journal
articles. Since journal articles can end up being openly available on the web as the results
of various processes, the terminology describing OA commonly splits OA into two main
categories depending on who acts as provider for the free content. Journal-mediated OA is
referred to as Gold OA and is commonly handled through the rapidly growing number of
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journals which publish articles OA directly on the journal website (Laakso and Björk
2012). Green OA refers to indirect free access to an article or an earlier version of the
manuscript that is available on the web at a location other than the website of the journal
publisher (Harnad et al. 2004). ‘‘Green’’ in this context comes from the notion of publishers giving a ‘‘green light’’ for uploading openly available copies of the article contents.
The terms green OA and self-archiving have often been used interchangeably, however,
the term green OA will primarily be used in this study since it does not imply that the
author is the only one who can be involved in the process of making the contents of a
journal article openly available. Through various policies between publishers, authors,
institutions and research funders the uploading of an OA version of an article might not
involve any author involvement, so called mediated deposit into a repository. This study is
exclusively focused on green OA and more speciﬁcally on exploring the extent to which
publisher policies allow uploading of manuscripts and articles to web locations with free
unrestricted access.
A large part of the quantitative research concerning green OA has focused on measurement of the realized proportion of green OA journal articles as a share of all published
journals articles during a speciﬁc year. However, the fundamental deﬁnitions and research
methodologies for green OA prevalence studies have varied, making longitudinal developments and cross-comparisons of studies hard to perform. A recent review and synthesis
of green OA research including realized green OA studies is provided in Björk et al. (2014)
where the overall share of articles provided as green OA in recent years is estimated to be
around 12 % of all annual articles published in subscription-based journals. In studies
enquiring into realized green OA article volumes there is usually the explicit or implicit
assumption that the potential maximum is equal to the total number of annual journal
articles published during a speciﬁc year. However, it is more of common that publishers
place embargos or completely prohibit some or all forms of green OA, as such the
assumption of 100 % theoretical green OA implies breaches of publisher policies. The
purpose of this study is to explore what that degree of publisher-permitted green OA
actually is.
Before low-cost, systematic distribution of electronic documents was enabled by the
Internet the purpose and need for agreements between publishers and article authors were
different in nature than they are with todays information infrastructure. Going from a time
when dissemination of research was most effectively handled within the covers of printed
journals to realizing the beneﬁts open digital distribution can have for all aspects research,
the scholarly publishing industry is still in a state of intense transformation and exploration.
There is tension between making research available as openly as possible, in an effort to
expand the potential audience and increase potential citations in the best interest of authors
and publishers, and publishers striving to retain their current subscription-based business
models. For a long time self-archiving was the only way to make research published in
subscription-based journals freely available online. However, within the last few years
subscription-based journal publishers have increasingly become involved in this process
and realized the business opportunities for ‘‘selling’’ authors the rights to make their
research available OA either directly through the journal or indirectly through selfarchiving. One development is the founding of new OA journals based on the author-pays
business model into the publisher journal portfolio. A recent example of this is Elsevier’s
newly founded BBA Clinical journal which was introduced as an OA outlet part of the
BBA portfolio of journals. Another development is the growing number of subscriptionbased journals which offer authors the paid option to make their individual article OA on
the journal website, so called hybrid OA (e.g. Springer Open Choice, Wiley OnlineOpen).
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There are currently over 7,000 subscription-based journals offering a hybrid OA option,
most of them belonging to the largest commercial publishers. Both of these developments
can be seen as a slowly creeping threat to liberal, unpaid, self-archiving rights.
Agreements between authors and publishers come in different varieties and the terminology used to describe them is as diverse. Copyright transfer agreement, exclusive
license, non-exclusive license are some of the common formal agreement types (Gadd
et al. 2003). But regardless of term and agreement type, the agreement is intended to deﬁne
what the author is able to do with the manuscript on which the article is based once the
agreement is accepted. The speciﬁc legal terms for different types of publishing agreements is of less importance for this study since the focus is on practical implications for the
possibilities of green OA, the author-retained rights to disseminate the article or an earlier
manuscript version. Throughout the rest of this study any such agreements are commonly
referred to with the generic term of publisher policy.
This study takes a quantitative and strict perspective on something that involves human
intervention to actually realize its potential, i.e. green OA copies of manuscripts or articles
becoming available on the web. While the contents of publisher policies are important in
deﬁning explicit author-retained rights for articles and earlier manuscript versions, the
policies’ impact on author behavior are not direct and straightforward; that is the fundamental reason for this study to exist. One factor complicating the relationship is awareness
(Swan and Brown 2005; Covey 2009). Authors might not actually read the terms of the
publishing agreement. Another factor is attitude (Rowlands and Nicholas 2005; Swan and
Brown 2005; Creaser et al. 2010; Spezi et al. 2013). The terms in the publishing agreement
might consciously be breached for a variety of reasons. Research looking into the relationship between publisher policies and green OA prevalence has shown weak or even
inverse relationship between what publisher copyright policies allow and the likelihood of
ﬁnding a green OA copy on the web (Covey 2009; Antelman 2006). To summarize the
focus of this study, Fig. 1 presents a diagram suggesting that (publisher) agreements,
(author) awareness, and (author) attitude are moderating factors for determining what,
when and where publisher agreement-compliant green OA copies are made available. This
study explores the relationship between agreements and what, where and when green OA
copies could be made available within the agreement limitations.

Previous studies
Publisher copyright policies have been analyzed in different types of quantitative studies.
Most earlier studies have been limited to the publisher or journal level, looking at the
number of publishers or journals allowing or prohibiting uploading of green OA copies, or
have not included green OA embargoes in the analysis.
Publisher and journal-level studies
The earliest large-scale analysis of publisher policies with particular focus on authorretained green OA rights was performed by Gadd et al. (2003). The authors contacted large
publishers of highly ranked journals in the WoK (Web of Knowledge 2013) and Ulrichs
(UlrichsWeb 2013) databases, asking for speciﬁc details regarding their publisher policies.
Only 48 of 84 publishers provided usable answers, however, the dataset was further
complemented with publisher policy data received through other sources. All in all the
authors were able to analyze the policies for 80 publishers, collectively publishing 7,302
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Fig. 1 Suggested relationship for interpreting author-side moderating factors and their combined inﬂuence
on attributes of realized green OA

journals in the year 2002. As a result of the analysis only 49.1 % of the journal titles
allowed green OA. The authors also explored the speciﬁc arguments publishers use for
why a publishing agreement is needed in the ﬁrst place, with ‘‘protection from copyright
infringement’’, ‘‘effective third-party permissions’’, and ‘‘wide dissemination of article’’
being the most frequent. Though the analysis is limited to the journal-level and the publisher dataset used had limitations (incomplete survey response rate, publishers drawn from
various sources, list of included publishers not provided hindering replication) the results
contribute valuable initial insight into a broader landscape of journal publisher copyright
policies.
One of the most recent journal-level studies is Miguel et al. (2011) which combines data
from the Scopus database, Directory of Open Access Journals (DOAJ 2013) and the
SHERPA/RoMEO database (SHERPA/RoMEO Statistics 2013) to compare the proﬁles of
gold OA journals, journals that allow green OA uploading and journals that do not allow it.
A problem in interpreting the results is the bundling of journals into a single group that
explicitly forbid green OA posting and those for which no information could be found or
which lack a policy. The study found that only 32 % of journals had an explicit policy
allowing green OA posting. Geographical differences in journal policies were also
explored based on the region of the world the journals were based in. The study found
higher percentages of journals allowing green OA in Europe (37.4 %) and North America
(34.7 %), while smaller percentages were measured for Asia, Africa and Oceania (ranging
from 15.5 to 16.2 %), and Latin America (0.4 %). The low ﬁgures for the last four regions
can partly be explained by proportionally higher shares of gold OA journals, and by
publishers from such regions usually being small and lacking explicit policies altogether.
While not a study in the traditional sense, the continuously updated statistics for the
green OA policies of publishers included in the SHERPA/RoMEO database makes
the service a very important source of summarized policy information by itself
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(SHERPA/RoMEO Statistics 2013). The data is aggregated by a mixture of information
coded from publisher policies and publisher self-reported information. At the time of
writing, May 2013, the service covered 1,250 publishers, and provides summarized data
about the publisher policies both in chart and table form. Table 1 contains data replicated
directly from the website and provides a comprehensive summary of the publisher-level
policies in the database. In an effort to make the essential information easily accessible for
a wide audience SHERPA/RoMEO categorizes publishers by different colors based on the
policy restrictions. A summary of the publisher policies in the SHERPA/RoMEO database
is provided in Table 1.
Based on the SHERPA/RoMEO summary 62 % of publishers allow post-prints, which
are also referred to as accepted manuscripts, to be disseminated as green OA. There are
beneﬁts and drawbacks to consider in using the SHERPA/RoMEO database as a source of
empirical data. The viability of utilizing this database as a foundation for further policy
research is discussed in the ‘‘Methodology’’ section.
Article-level studies
John Cox and Laura Cox present a comprehensive article-level analysis of green OA in
Morris (2009). Their survey addresses publisher policies from 181 WoK publishers and
was augmented with data concerning 2007 year article volumes for the respective publishers. The data accounted for 753,037 (or 74.7 %) of all the articles covered by WoK that
year. Publishers allowed posting 80 % of the accepted manuscripts to personal or
department websites, 70 % to an institutional repository and over 40 % to a subject
repository. Publishers were considerably more restrictive with the published versions of
their articles, Less than 20 % of the published articles were allowed to be disseminated by
means other than the publisher’s website.
Hansen (2012) also focused on journal articles included in the WoK index in an articlelevel study on the author-retained rights of journal articles output by ﬁve major U.S.
research universities. Hansen (2012) queried the WoK index for articles published during
2011 by authors afﬁliated with the pre-deﬁned institutions and matched the article
citation data by individual ISSNs to publisher policy information contained in the
SHERPA/RoMEO database. Of the 29,322 unique articles included in the analysis 15.4 %
could archive the publisher version immediately upon publication and an additional 5.37 %
within embargos ranging from 6 to 24 months. Posting the publisher version was explicitly
prohibited for 58.5 % of the articles. The corresponding ﬁgures for accepted manuscripts
were 55.46 % immediately without restrictions and an additional 19.25 % within a maximum embargo of 24 months. For 4.65 % of the articles archival of the accepted manuscript was explicitly prohibited. The study is limited by use of the exclusive WoK index
and reliance on SHERPA/RoMEO for copyright data. The study found 7.4 % of the articles
Table 1 Summarized publisher policy information from the SHERPA/RoMEO database as of May 2013
(SHERPA/RoMEO Statistics 2013)
RoMEO colour

Archiving policy

Publishers

%

Green

Can archive pre-print and post-print

369

30

Blue

Can archive post-print (i.e. ﬁnal draft post-refereeing)

397

32

Yellow

Can archive pre-print (i.e. pre-refereeing)

White

Archiving not formally supported

97

8

387

31
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had unclear or unknown rights regarding accepted manuscripts and 12.67 % was unclear or
unknown for the publisher version. It would have been interesting to see the share of
articles which are either allowed an accepted manuscript or publisher version to be
uploaded as the two categories are treated without measuring overlap. It should be noted
that the study did not identify or single out OA journals from the analysis, nor did the study
look at the type of web locations which allowed or prohibited for green OA copies.
As a summary to the reviewed previous research it can be concluded that there is a lack
of studies incorporating journal literature which could be considered broad enough in
either sample or population to represent the wide landscape of journal publishing.

Methodology
Research aim
The aim of this study is to explore the degree to which green OA could provide free access
to articles published in subscription-based scholarly journals if all authors would exercise
the rights granted to them by journal publishers.
There are variations on what can be uploaded (preprint, accepted version, publisher
version), when a content is allowed to be uploaded (upon publication, some speciﬁed time
after publication), as well as where (author website, institutional repository, subject
repository, other websites). This study aims to cover all of the above variables in its scope;
what versions can be uploaded, the locations permitted for each version, and any potential
delay enforced in providing free access to such full-text copies. The Scopus (2013) bibliographic database was used as the main source of data due to it being far more inclusive
than the WoK (Larsen and Ins 2010), thus arguably being a better representation of the
scholarly journal publishing landscape.
Publishers, journals and article volumes
Since the main Scopus database requires a subscription and limits the amount of data that
can be exported with each single query, this study utilized a data acquisition method
documented in Solomon et al. (2013) which merges data from two freely available
resources to reconstruct the Scopus data. Elsevier, the owner of Scopus, provides a frequently updated spreadsheet containing all indexed journal titles along with a rich set of
metadata for each entry. The spreadsheet along with other metadata includes International
Standard Serial Number (ISSN), publisher, subject categorization (Elsevier 2013a). The
second resource which was merged with the Elsevier metadata via ISSN was Scopus data
available from the SCIMago Journal and Country Rank website (SCIMago 2007). Through
a direct collaboration agreement with Elsevier, SCIMago provides delayed and aggregated
free access to journal level information contained in the Scopus database. Journal citation
averages, article counts and other statistics for individual journals starting from 1999 are
all available by year. After obtaining the ISSN for the journals in Scopus from the
downloadable spreadsheet, we developed software that automated the process of searching
the SCIMago database by ISSN and capturing a digital copy for each journal of the full set
of information displayed on the site for the years 1999–2011. The software extracted the
statistics for each year including article counts. The data were captured on July 26 and 27,
2012. The data from 2011 appeared to be incomplete in the SCImago database at the time
of query and was not used in the study.
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Of the 6,038 unique publisher names acquired 98 were identiﬁed as duplicate entries
and merged either due to small variations in spelling and explicit imprint ownership with
identical policies. The 100 largest publishers in terms of the number of articles published
annually were identiﬁed using data for over 18,000 journals. The publisher size ranged
from Elsevier with 1,887 journals and 329,747 articles in 2010 to the IEEE Computer
Society with 11 journals and 1,208 articles. As such small publishers were not included by
design. Even if the limitations of manual data collection were removed the main problem is
that many small publishers have no explicit policies (as observed by Miguel et al. 2011).
Ten dominantly immediate gold OA publishers part of the initial top 100 were excluded
from the analysis and in order to focus on opening access to otherwise restricted content
through green OA. For the record these gold OA publishers accounted for a combined 535
journals and 51,819 articles during 2010. Five publishers were also discarded and replaced
due to the publisher site being unavailable and SHERPA/RoMEO also missing data for
said publishers. The publishers were categorized into one of six different publisher types
according to the same grouping criteria as in Laakso and Björk (2012, 2013): Commercial
publisher; Scientiﬁc society or professional association; University Press; Professional
non-commercial publisher; University, University department or research institute; Individual scientist or group of scientists.
Publisher policies
Initially the use of the SHERPA/RoMEO publisher policy database was considered as the
main source of data like similar studies have done in the past. However, while the database
is the most comprehensive service of its kind it, it is currently too limited for obtaining
accurate results considering the level detail needed for the present study. For example,
permitted locations and embargo lengths are not stored in a structured way and are generally missing from the metadata. Speciﬁc information for different versions of the article
are also commonly missing. The database might also be outdated compared to the publisher website, with information for some publisher being several years out of date. Thus,
to ensure the quality of the study and the reliability of the results the decision was made to
primarily consult each of the 100 publisher websites directly.
As it is impossible to retrospectively review the publisher policies exactly as they were
when published in 2010 the aim of this study was to create a reliable snapshot of the
policies as they were formulated during Spring 2013. The year-to-year variations in relative publisher volume can be assumed to be fairly stable.
The publisher policies of each publisher were reviewed, looking speciﬁcally for
information about if, when and where preprints, accepted manuscripts or publisher versions
can be uploaded to the web. While most of the data points of interest were known a priori
there was some evolution in the framework as data collection progressed to accommodate
for all observed values for embargo length categories. To facilitate reliability and
repeatability of the study the URLs to each publisher policy was recorded and paragraphs
of text supporting key coding decisions for each of the three article versions were captured
as part of the data collection. The ﬁnal publisher policy-coding framework is available in
Table 2.
This study simpliﬁed the coding of the timing to be aligned with time of publication of
the original article unless an embargo was speciﬁed. Prior self-archiving as in pre-submission, pre-acceptance, pre-publication were decided to be left outside the scope of the
study as the main aim was to calculate the potential for green OA for published journal
articles and not explore the possibilities and limitations for pre-publication dissemination.
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Data points

Coding

Preprint
Explicit policy available

Yes/No

Preprint permitted

Yes/No

Location
Personal website

Yes/No

Institutional repository

Yes/No

Subject repository

Yes/No

Elsewhere online with free access

Yes/No

Accepted manuscript
Accepted manuscript permitted

Yes/No

Embargo
6 months

Yes/No

12 months

Yes/No

18 months

Yes/No

24 months

Yes/No

Location
Personal website

Yes/No

Institutional repository

Yes/No

Subject repository

Yes/No

Elsewhere online with free access

Yes/No

Publisher version
Published article permitted

Yes/No

Embargo
6 months

Yes/No

12 months

Yes/No

18 months

Yes/No

24 months

Yes/No

Location
Personal website

Yes/No

Institutional repository

Yes/No

Subject repository

Yes/No

Elsewhere online with free access

Yes/No

Assumptions and methodology summary
A summarizing methodology diagram is provided in Fig. 2.
Simplifying a wide variety of complex agreement terms into binary coding for facilitating quantitative analysis requires some guidelines to standardize the coding and interpretation of the terms. As such, the following assumptions were used throughout the data
collection process:
• The author should not need to have a research funder or institution mandate to elevate
rights for green OA, nor have to pay or contact the publisher to be granted permission.
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Fig. 2 Methodology visualized

• The publisher policy was retrieved from the publishers main website where possible;
where such a policy was not available the copyright agreements for a few notable
journal titles of the publisher were used instead.
• If the publisher website could not be found the SHERPA/RoMEO database was used
for supporting the decision-making since it might contain publisher-provided
information which might be useable for decision-making.
• If the journal publisher had an explicit preprint policy, options not mentioned within it
are assumed not permitted. Where no such policy existed it was interpreted as green
OA of preprint not being formally supported, which is handled separately in the results
analysis.
• For accepted manuscripts and ﬁnal versions everything explicitly not permitted in the
publisher policy was interpreted as not permitted.
There is one main weakness with the adopted approach related to the assumption that all
journals of a publisher use the same copyright agreement, however, that is commonly the
case since the policy documents for publishers are usually found on a common web page
linked to from all journals. Where disciplinary differences in copyright restrictions were
found they usually related to embargo length, the articles of that publisher were split
according to discipline based on the journal they were published in and articles were
allocated to their respective embargo lengths.
Another aspect to consider is that some publishers include OA journals in their portfolios among subscription journals. Though it would theoretically be possible to match the
Scopus data with the over 9,900 gold OA journals currently listed in the Directory of Open
Access Journals (DOAJ) it would have the drawback of introducing the need to verify the
OA status of the journals retrospectively for the year 2010, a complication which has been
dissected in e.g. Laakso and Björk (2012) for a much smaller sample of journals. Since the
focus of this study is on green OA, generalizing downwards from the publisher level to the
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article level, pursuing this additional step was deemed not worth the added investment.
This aspect should only have the effect of the results under-estimating the relative share of
articles which become available to readers immediately upon publication.

Results
Descriptive statistics
Sample and population sizes are provided in Table 3. The sample is not assumed to be
representative of the whole population, Table 3 is provided to convey the scope of the
coverage of the analysis. The publishers included in the analysis, the 100 largest publishers
by article output in 2010, published a combined 1,150,827 articles in 8,578 journals. This
equates to 68.3 % of all articles and 49.1 % of all journals included in Scopus for the year
2010. After the publisher grouping process described in the ‘‘Methodology’’ section 5,940
publishers were identiﬁed, of which the 100 included in the analysis make up for 1.7 %.
These ﬁgures demonstrate the large variation in size among journal publishers, the fact that
1.7 % of publishers output 68.3 % of all articles implies that the majority of the publishers
outside of the sample have relatively small article output.
Scopus contains a lot of supplemental information about the journals included in the
index, of which one section is related to discipline classiﬁcation. The top level of this
classiﬁcation contains four main scientiﬁc disciplines: Social sciences, life sciences, health
sciences and physical sciences. Scopus categorizes journals into one or several of these
discipline categories. This categorization was utilized in order to get a coarse overview of
the discipline distribution of the sampled publications. Discipline data was available for
1,066,079 articles (92.6 % of all articles included in the analysis). Since this study
emphasizes article-level analysis this approach was used for exploring the discipline distribution as well. Where a journal was categorized into multiple categories the article
volume was divided equally between the disciplines. The results of the analysis were the
following: Social sciences 91,729 articles (9 %), life sciences 202,833 articles (19 %),
health sciences 282,096 articles (26 %), and physical sciences 489,421 articles (46 %).
The publisher types were distributed as follows: 42 Commercial publishers, 52 societies
or professional associations, 6 University Presses. However, the line between publisher
types is not always clear. For example, some societies use commercial publishers to
facilitate the publication process. To make interpretation as straightforward and replicable
as possible the organization labeled as publisher in Scopus was used for making the
classiﬁcation.
Something which was not accounted for from the outset of the data collection and
design of the coding framework was the fact some publishers explicitly limit green OA
rights but instead open up all online issues for anyone to read for free after a set embargo
Table 3 Descriptive statistics of sample and full population
Included in sample

Full population

Sample/population (%)

Articles

1,150,827

1,684,721

68.3

Journals

8,578

17,470

49.1

100

5,940a

1.7

Publishers
a

Approximate value, see article text for further description

123

Scientometrics (2014) 99:475–494

485

period. This type of delayed OA was recently estimated to account for close to 500 highimpact journals publishing over 111,000 articles in 2011, with a 12 months embargo length
being the most common (Laakso and Björk 2013). In this study eight such publishers were
discovered, all with 12 months embargos, all of which do not permit self-archiving of the
published article. Five of these publishers, with a combined article output of 9,283 articles,
do not permit any self-archiving of the accepted manuscript so are thus excluded from all
results calculations. However, since these articles are openly available on the web after
12 months of publication it is important to highlight their contribution towards increasing
the share of OA articles despite not being provided through self-archiving.
Publisher types
Comparing the policies between publisher types reveals some interesting differences, the
full results are provided as Table 4. Most large publishers have explicit preprint policies,
with only 4 % of articles output by commercial publishers not being covered by such a
policy. For societies and professional associations the respective ﬁgure is 15 %, while
university press publishers have no articles outside explicit preprint policies. When it
comes to accepted manuscripts the publisher types are relatively similar in their policies:
commercial publishers allow 82 % of articles to be self-archived, societies and professional associations 77 %, and university presses 96 %. When it comes to permitting selfarchiving of the published article commercial publishers are the most restrictive with only
1 % of the all articles published by this group being granted permission for this. While also
restrictive with rights for published articles, society and professional associations allow for
39 % to be self-archived at some point in time, and university presses 41 % respectively.
Locations
Publisher policies vary in the type of web location they allow posting of a green copy.
Figure 3 provides a summary of the publisher policies by permitted locations, measured as
the percentage of total articles across the three document types. Personal webpage and
institutional repositories were nearly identical in their self-archiving policy proﬁle across
all three document types; permission to self-archive preprints and accepted manuscripts is
granted by nearly every publisher policy supporting some form of self-archiving and
support for self-archiving the published article is within the range of 9–11 % of all articles.
Uploading of accepted manuscripts to subject repositories was generally found to have low
support among publishers, with only 32.8 % of all articles across all embargo lengths being
granted permission to be made available at such locations. Furthermore, most of the
publishers allowing subject repository upload do so on the condition that the repository is
non-commercial which further narrows down the web services to where the manuscript is
allowed upload.
Publishers are generally restrictive with allowing self-archiving on any freely available
website, showcased by the range of 1–17 % of articles permitted on such locations. A
detailed breakdown of the location results for each article version including embargo
information is provided in Table 5. Though personal homepages and institutional repositories are nearly equal in the amount of articles which could be uploaded to each as Fig. 3
highlighted, there is a notable difference in distribution of embargo length for the two
locations. The results in Table 5 show that 64.9 % of all articles could immediately have
had an accepted manuscript uploaded to a personal webpage, while the respective ﬁgure for
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24 months

0
0

18 months

24 months

1,150,827

1,019,163

15,426

12 months

Not permitted
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106,475

6 months

Immediately

215,604

39,009
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743,613

Immediately

949,279

Allowed

ART articles, J journals, P publishers

Total (n)

Publisher version

Accepted
manuscript

75,987
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Not permitted

Preprint
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0

0

1.3

0.8

9.3
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0.3

1.8
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3.4

64.6

82.5

10.9

6.6

8,578

7,968

0

0

251
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1,313

112

697

1,631

246

4,579

7,768

453

357

100

75

0

0

5

4

16

25

1

2

13

5

54

60

21

19

P

852,458

839,707

0

0

1,407

0

11,344

153,040

0

20,935

101,923

30,708

545,852

762,333

54,103

36,022

98.5

0

0

0.2

0

1.3

18.0

0

2.5

12.0

3.6

64.0

89.4

6.3

4.2

%

314

311

7,335

7,139

0

0

28

0

1,68

1,169

0

6,97

1,432

233

3,804

6,710

J

ART

J

ART

%

Commercial publishers

All publisher types combined

No formal support

Policy

Article version

Table 4 Results (article versions and embargos across publisher types)
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0
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0

0

0

9,763

95,131

61,224

0

0

6,819

8,301

188,153

154,414

70,118

39,965

ART
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0
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Fig. 3 Support for main green OA location types expressed as percentage of all top 100 publisher articles

institutional repositories is only 47.7 %. However, at 12 months after publication the
difference is evened out almost completely.
Disciplines
The ‘‘Methodology’’ section described the journal-level approach used to allocate publisher article volumes across the four main discipline categories used by Scopus. The
following results are based on the result of that discipline categorization of articles, and
building upon that data by using the publisher policy coding to calculate the green OA
proﬁle for each of the four discipline groups separately. The results of this calculation
can be found in Table 6. Despite the caveats of having to use the publisher-level and
very coarse discipline categorization to conduct this analysis, the results are still some of
the most comprehensive available to date. For preprints, the social sciences (97.4 %) and
physical sciences (83.7 %) were found to be the most permissive, with the life sciences
(81.5 %) and health sciences (79.1 %) not far behind. For accepted manuscripts the
differences across the disciplines were more even, however, while the total share of
permitted articles were relatively similar (life sciences 77.1 %, health sciences 78 %,
physical sciences 83.1 %, social sciences 85.5 %) the embargo distribution was not. To
illustrate the differences Fig. 4 provides a cumulative article volume embargo diagram
for all four disciplines. Physical sciences is notably the only category with minimal
embargos, while the three others are much more step-wise in their embargo expiry
timelines.
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Fig. 4 Disciplinary differences in embargo length for green OA of accepted manuscripts

Fig. 5 Percentage of articles output by the top 100 largest journal publishers in 2010 that in theory could
have been made available as green OA as accepted manuscripts or publisher versions in either institutional
or subject repositories
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Cross-analysis for repository upload of accepted manuscript or publisher version
Figure 5 presents the cumulative percentage of articles that could be available as green OA
either as accepted or publisher versions in either a subject or institutional repository at
various points in time after publication. Since accepted versions should be identical in
content to the ﬁnal article and systematic repository storage the most reliable long-term
solution for providing persistent OA this calculation should give a good estimation for
what share of subscription journal content could be provided through sustainable green OA
and with what kind of embargo distribution.
As seen in Fig. 5, nearly half of all articles (548,718) are permitted upload immediately
upon publication with the share rising to a cumulative 80.4 % of all articles after
12 months of publication (924,725). Only 2.1 % (24,188) of the articles would be available
after a longer embargo. Though repository self-archiving is restricted by embargos to a
larger extent than author website self-archiving which is rarely embargoed, the dominant
length of repository embargos is 12 months after which the difference in article shares
allowed in either personal homepages or repositories is very similar.

Discussion and conclusions
The results of the study fall in line and extend upon the indications provided from
earlier studies conducted on other bibliographic databases in combination with the
SHERPA/RoMEO policy database. Publishers are relatively liberal in permitting distribution of accepted manuscripts (81 % of all articles permitted) while distribution of the
publisher version is considerably more restricted (11 % of all articles permitted). Green
OA has a lot of room to grow in terms of uptake, showcased by the discrepancy between
the results of this study and recent studies measuring realized self-archiving which suggests
realized green OA to be in the range of 12 % of annual articles (Björk et al. 2014).
The main contribution of this study is arguably the new insight gained into the green
OA policies of journal publishers.
There is also a methodological contribution providing a framework for compiling the
raw data on publisher policies using openly available sources, and a coding scheme for
dissecting the publisher policies for author-retained rights. The natural next step in this line
of research would be to extend the coverage of publishers included in the analysis beyond
just the 100 largest ones. The problem is the diminishing returns in terms of articles
covered by each publisher, making it a very time-consuming to substantially increase the
article coverage. A study based on a systematic random sample of smaller publishers
would be one way to address this issue. Precision could also be added by performing the
coding on a journal-level, where possible, rather than going by the often broader publisher
policy. However, policies coded and analyzed today are likely outdated two years into the
future considering the pace at which the scholarly publishing sector is currently evolving.
This reduces the incentive to invest time and effort into an endeavor which only has limited
temporal utility and cannot not be built upon further without re-doing most of the manual
work involved.
In an age where automated indexing and crawling of web content leaves few stones
unturned it is interesting to see substantial differences between the locations publishers
permit for green OA. Where personal webpages and institutional repositories were found to
be nearly universally permitted locations for green OA, with largely just a difference in
embargo length, considerably fewer publishers supported subject repositories or other
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websites. While repository storage has been found to be more permanent and resilient to
the dynamic nature of the web compared to ﬁles stored on websites (Björk et al. 2014),
social media (Tenopir et al. 2013) and free full-text harvesting services like Google
Scholar have arguably made location a less relevant factor when it comes to reach and
visibility. Among web search engine results hyperlinks to green OA versions of articles are
aggregated and placed side by side with the link to the publishers paid version for nonsubscribers.
While this study has further conﬁrmed the large potential increase in the share of green
OA articles, there is no telling how publishers would react if the rate of realized green OA
would substantially increase. It is unlikely that radical increases will happen purely based
on more widespread voluntary uploading, however, green OA mandates enforced by
institutions and research funders might be such an accelerant. Such a scenario might be met
with publishers moving of the goalposts; if seen as a threat to the subscription-based
business model the publishing terms might change towards being more restrictive, like
introduction of longer embargos, stronger enforcement of copyright compliant selfarchiving, and not permitting uploading to subject repositories. Indications of pre-emptive
protection against systematic green OA posting can be found in several of the reviewed
publisher policies, most notably Elsevier which otherwise permits accepted manuscripts to
be uploaded to institutional repositories explicitly prohibits such uploading if authors’
afﬁliated institution has OA mandate (Elsevier 2013b). Another signal of publishers taking
a protective stand against potential growing systematic green OA posting can be seen in the
Clearing House for the Open Research of the United States (CHORUS; Publishers.org
2013) proposal which the Association of American Publishers have put together as a
publisher-friendly answer to work around a potential full OA mandate for all Federally
funded research in the United States (Whitehouse.gov 2013). Since many large publishers
provide direct OA publishing of individual articles as an author-pays service, either
through newly founded OA journals or hybrid OA, there are ﬁnancial interests among such
publishers in limiting green OA posting. If authors are obliged by their research funders to
provide OA to their research but face prohibitive green OA restrictions from journal
publishers the only viable option for authors obliged to provide timely OA copy of their
work, a process which recent UK research policy recommendations might initiate as a sideeffect (Finch 2012).
The manual data collection process exposed the wide breadth of deﬁnitions, descriptions, and restrictions that publishers use to instruct authors about their retained green OA
rights. Some publishers have the key information summarized in a single table or a few
bullet points which makes it very accessible, while others sprinkle author permissions and
restrictions across much longer bodies of text covering everything from manuscript formatting to technical requirements for ﬁgures. Authors would likely beneﬁt from a higher
degree of standardization in how the information is presented, making comparisons across
journals straightforward. This kind of standardization development would also be beneﬁcial for building new web services aggregating publisher policy information, much like
SHERPA/RoMEO is today but always up to date with more detailed information available
in a structured format (e.g. embargos, locations). Acknowledging the volatile nature of the
policies, a request for this type of web service has also been expressed in a recent update by
the UK working group on OA research policy recommendations (Finch 2013).
However, regardless of what potential future scenarios might entail there is something
to be said for the importance of increasing author awareness of retained rights. At least
until something more technically advanced comes around, the SHERPA/RoMEO database
with its simpliﬁed policy classiﬁcation scheme and open application programming

123

Scientometrics (2014) 99:475–494

493

interface is indispensable for making green OA provision a conscious decision for authors:
simpliﬁed publisher policy information can be displayed as part of the process of entering a
new publication into an institutional publication database. The threshold for making a
green OA copy available voluntarily is in such cases low, but what remains to be aligned is
author attitude.
A study similar to this one could likely not have been performed ten years ago due to the
lack of explicit green OA policies tailored for the dissemination possibilities available
today. Even though policies now exist for most large publishers, the contents of them are
not set in stone. Publishers are exposed to the pressures of various stakeholders and the
competitive marketplace, making this study a snapshot of the status at the point in time of
data collection. Based on the results from this study it is impossible to say whether the
trend is moving towards expansion or restriction of author-retained rights for green OA,
however, regardless of the direction it can be assumed that policies will become even more
detailed and speciﬁc as the possibilities for systematic digital dissemination advance and
commercial interests intersect.
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MIKAEL LAAKSO
MEASURING OPEN ACCESS: STUDIES OF WEB-ENABLED
INNOVATION IN SCIENTIFIC JOURNAL PUBLISHING
Scientiﬁc journal publishing as a practice was established almost 350 years ago, having since become the
main mechanism for publishing advances in academic
research. As time has passed the practices of peer-review
and journal publishing have become increasingly established and professional. The ﬁnancial circumstances for
operating a scientiﬁc journal were long dictated by the
necessity of distributing paper issues to subscribers. Like
in other media industries the shift from physical to digital
opened up radically new possibilities for business and
content delivery. Open Access (OA), i.e. free online access to articles published in scientiﬁc journals, has been a
disruptive innovation enabled by the web. OA has emerged through a mix of ideology, behavior, technology, policy, and business. Journal articles can be made free for
readers to access through two main mechanisms 1) by
being published in a journal which makes the content free
for anyone to access (gold OA), or 2) by authors themselves making the manuscripts available to an unrestricted
audience by uploading them to a location openly on the
web (green OA).
The purpose of this thesis is to explore, measure, and
analyze the uptake of OA in scientiﬁc journal publishing.
The historical development, the current situation, and the
future potential are analyzed through quantitative publi-

cation data covering both journal-mediated (gold OA)
and indirect author-side mechanisms (green OA). The
development of OA measurement methods that are both
accurate enough and cost-effective in terms of resources
needed to implement them are also an intregral part of
the research.
The thesis consists of ﬁve articles each contributing a
complementary perspective on OA uptake. Through the
research process the initial broad snapshot measurement
has been complemented with longitudinal and in-depth
studies focusing more intensively on speciﬁc sub-areas of
OA. For gold OA the results demonstrate that the number
of articles published in OA journals has been steadily increasing annually since the early 1990s, with recent OA
growth being strongly supported by journals utilizing the
author-pays business model. The results prominently highlight the unused potential there is for authors to provide
article manuscripts openly on the web through self-archiving. OA has lately been brought up to the front and center
of both public policy discourse and journal publishing as
a modern business area. The results of the thesis demonstrate that journal publishing is in a state of transformation
to better meet the needs of scientiﬁc communication today
and tomorrow.
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