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Abstract

This paper reviews the worldwide growth of open-access (OA) repositories, December 2005 to
December 2012, using data collected by the OpenDOAR project. It shows that initial repository
development was focused on North America, Western Europe and Australasia, particularly the USA,
UK, Germany and Australia. Soon after, Japan increased its repository numbers. Since 2010, other
geographical areas and countries have seen repository growth, including East Asia (especially
Taiwan), South America (especially Brazil) and Eastern Europe (especially Poland). During the whole
period, countries such as France, Italy and Spain have maintained steady growth, whereas countries
such as China and Russia have experienced relatively low levels of growth. Globally, repositories are
predominantly institutional, multidisciplinary and English-language-based. They typically use open-
source OAI-compliant repository software but remain immature in terms of explicit licensing
arrangements. Whilst the size of repositories is difficult to assess accurately, the available data
indicate that a small number of large repositories and a large number of small repositories make up
the repository landscape. These trends and characteristics are analyzed using Innovation Diffusion
Theory (IDT) building on previous studies. IDT is shown to provide a useful explanatory framework
for understanding repository adoption at various levels: global, national, organizational and
individual. Major factors affecting both the initial development of repositories and their take up by
users are identified, including IT infrastructure, language, cultural factors, policy initiatives,
awareness-raising activity and usage mandates. It is argued that mandates in particular are likely to
play a crucial role in determining future repository development.
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Introduction

Open-access repositories of academic and research outputs are a significant development in the 21%
century global research information environment. This paper reviews the worldwide growth of open-
access (OA) repositories between December 2005 and December 2012. It also provides an overview
of the main characteristics of the global repository infrastructure at the end of that period. It does so
based on data collected during the seven-year period by the OpenDOAR project based in the Centre
for Research Communications at the University of Nottingham, UK. In addition to outlining historic
trends and current characteristics of the repository landscape, the paper also attempts to locate these
developments within an overarching explanatory framework and discusses factors affecting possible

future trajectories of repository development.

Definitions

It is important initially to establish some definitions of key concepts, particularly ‘open access’ and
‘repositories’, since these form the basis of criteria for inclusion (and exclusion) in this study. ‘Open
Access’ may be defined as where digital content is fully, freely, immediately and permanently
available and can be viewed and reused with minimal restrictions (adapted from Pinfield, 2009, 166;
with the explication that follows also adapted from the same source). The “digital content” referred to
in the definition may take a number of different forms, including text, data and rich media (such as
video). This content is “fully... available”, meaning that the content is accessible in its entirety rather
than in a partial form (in the case of a journal article, for example, this would mean the full text is
available and not just the abstract). It is also “freely... available”, meaning there are no costs charged
at the point of access (although costs are of course incurred in generating and disseminating the
content). The content is “immediately... available”, meaning there are no formal delays or embargoes
on its availability. It is also “permanently... available”, meaning it is available on an ongoing basis so
that it can be accessed and cited (usually involving a commitment to maintaining persistent access
paths to as well as preservation of the content itself). The content may be “viewed” and also “reused
with minimal restrictions”. Ability to view the content means it can be read (normally by humans),
and ability to reuse the content means it can be copied, mined, processed, analyzed, indexed and
redistributed (often by machines) with minimal rights restrictions.

The ideas characterized in this definition as ‘viewing’ and ‘reusing’ content are at the center of
Suber’s (2008; 2012) important distinction between different “subspecies” of OA. After providing a
brief definition of OA as, “digital, online, free of charge, and free of most copyright and licensing
restrictions” (Suber, 2012, 4), Suber goes on to distinguish between, on the one hand, “Gratis open
access” (which is free to view), and on the other hand, “Libre open access” (free to reuse and rework

as well as view):

“Gratis OA is free of charge but not more free than that. Users must still seek permission to

exceed fair use. Gratis OA removes price barriers but not permission barriers.



Libre OA is free of charge and also free of some copyright and licensing restrictions. Users
have permission to exceed fair use, at least in certain ways...Libre OA removes price barriers
and at least some permission barriers.” (Suber, 2012, 66)

The repositories recorded in OpenDOAR and included in this study comply in general terms with the
definitions of open access provided by Pinfield and Suber, including both Gratis and Libre OA,
although formerly-embargoed content is also permitted (see below) if it is made available on an OA
repository.

The definition of ‘repository’ used here follows Pinfield (2009):

“A repository may be defined as a set of systems and services which facilitates the ingest,
storage, management, retrieval, display, and reuse of digital objects. Repositories may be set
up by institutions, subject communities, research funders, or other groups. They may provide
access to a variety of digital objects, including peer-reviewed journal articles, book chapters,
theses, datasets, learning objects, or rich media files.” (Pinfield, 2009, 165)

The key distinction often drawn in the literature in relation to academic and research repositories is
between disciplinary repositories and institutional repositories (IRs) (Nicholas, Rowlands, Watkinson,
Brown, & Jamali, 2012; Xia, 2008). The former contain the outputs of a particular subject
community; well-known examples include arXiv for high-energy physics, RePEc for economics, and
PubMed Central for biomedical and life sciences. The latter house the outputs of researchers and other
research materials from a particular institution; early examples include Caltech in the USA and the
University of Southampton in the UK. To these, Nicholas et al. (2012) also add ‘format’ repositories
which contain particular types of files, such as e-theses, data sets or learning objects. There are also a
small number of ‘governmental’ repositories managed by national governments and government-
sponsored agencies, and ‘aggregating’ repositories which present content harvested from other
sources. All of these categories of repositories are recorded in OpenDOAR: disciplinary, institutional,
aggregating and governmental as ‘repository types’, with formats being recorded as different ‘content

types’.

Research context

Academic and research OA repositories have existed in various forms for more than two decades and
have featured in the research and practitioner literature since then. As well as formally-published
works, discussion around policy and practice in this area has taken place in email discussion lists,
blogs and other more informal venues. Increasingly, the latest thinking (at least in provisional form)
first appears in those places (as is increasingly the case in a variety of fields) and so it is important to

take them into account in examining the research context.

Much of the early discussion centered on now well-established, disciplinary repositories such as
arXiv, setup in August 1991 (for example, Ginsparg, 1997; Halpern & Lagoze, 1999; McKiernan,



2000; Pinfield, 2001). However, there has been a rapid growth of repositories more recently enabled
to a significant degree by two technical developments between 2000 and 2003 which were widely
discussed in the literature and other fora. The first of these was the development of the Open Archives
Initiative Protocol for Metadata Harvesting (OAI PMH), an interoperability protocol for exchanging
information between repositories (Lagoze & Sompel, 2003; Sompel & Lagoze, 2000). The second
development (arising from the first) was the release of OAI-PMH-compliant open-source repository
software, such as ePrints (Gutteridge, 2002) and DSpace (Smith et al., 2003). These developments
meant that installing a repository became technically straightforward and therefore facilitated the
growth of repository numbers, including the development of institutional repositories (Crow, 2002;
Lynch, 2003). Repository growth began to accelerate in the middle of the first decade of the 21*
Century on the foundation of these two developments and OpenDOAR (Directory of Open Access
Repositories) was set up to track that growth.

During this period, there has also been a maturing of new models of scholarly communication
particularly associated with open access. Many OA repositories began to be designed to support so-
called ‘Green’ OA: the depositing in repositories of research papers which have been or are expected
to be published in peer-review journals, often involving authors ‘self-archiving’ their own outputs
(Suber, 2012, 52-65; Bjork, Laakso, Welling, & Paetau, 2013). There is now a large literature on OA
repositories, most of it focusing in particular on their role in supporting Green OA as a form of
scholarly communication. Studies cover a wide range of issues including user attitudes and behaviors
(including Kim, 2010), different disciplinary positions (such as Xia, 2007), changing roles for
librarians (including Walters, 2007), and legal issues (for example Hanlon & Ramirez, 2011). There
are also various practice-based case studies (such as Connell, 2011) and guides, particularly on
institutional repositories (for example Nabe, 2009). Some research has analyzed growth trends and
key characteristics of repositories often using OpenDOAR data. A number of studies have focused on
IRs in specific geographical areas, such as Canada (Shearer, 2006), Zimbabwe (Nyambi & Maynard,
2012), India (Tripathi & Jeevan, 2011; Sawant, 2011), or Asian countries in general (Nazim &
Mukherjee, 2011). Other focuses have been on subject-based repositories for particular disciplines,
such as on Chemistry (Warr, 2003) and Computer Science and IT (Bhat, 2010). There is also a
significant literature on format repositories, particularly repositories for theses (an overview has been
provided by Yiotis, 2008) and learning objects (a quantitative study of the global infrastructure is
provided by Ochoa & Duval, 2009). All of these areas of the literature contribute to discussion on the
(potential) role of OA repositories in a developing scholarly communication infrastructure.

In the discussion, Green OA is often set against ‘Gold” OA, open-access publication in journals. For
example, Stevan Harnad, a well-known Green advocate, following the new emphasis in UK policy on
Gold OA in 2012, referred rhetorically in his blog and email discussion lists to “fools Gold”,
criticizing what he saw as a “Gold Rush”, and calling for a greater emphasis on Green OA (for
example, Harnad, n.d.). However, as Pinfield (2009) notes, repositories and journals are not
necessarily mutually exclusive OA solutions. For example, some large-scale repositories, notably
PubMed Central, have been set up primarily to house material first published in an OA form by

journals. Such repositories are covered by the OpenDOAR database along with others.



Running through much of the literature and other fora is an awareness that even at a time of growth of
repository numbers there has been relatively slow take-up of use of repositories by researchers (in
terms of contributing and using content) in most areas (with repositories such as arXiv and PubMed
Central being exceptions). A large amount of the practitioner output on repositories (particularly IRs)
focuses on this issue (for example, Davis & Connolly, 2007; Lawal, 2002), and includes case studies
of awareness-raising and advocacy programs aimed at encouraging researcher engagement with
repositories (for example, Buehler, 2013; Foster & Gibbons, 2005; Palmer, Teffeau, & Newton,
2008). Related to this, there has also been extensive discussion on the development of policy
mandates by institutions, funders or other agencies as a means of increasing usage (for example
Kennan, 2011; Lariviere, Gingras, Carr, Brody, & Harnad, 2012; Pinfield, 2005).

The research literature includes various analyses of repository development deploying different
theoretical models particularly focusing on the issue of the usage levels of individual researchers. Kim
(2010; 2011) uses Socio-Technical Interaction Networks (STIN) and Social Exchange Theory to
study faculty self-archiving practices. Using a combination of qualitative and qualitative data from
surveys and interviews, she identifies a number of factors which have implications for repository
implementation. She concludes that, “Faculty are motivated by OA advantages to users, disciplinary
norms, and no negative influence on academic reward. However, barriers to self archiving — concerns
about copyright, extra time and effort, technical ability, and age — imply the provision of services to
assist faculty with copyright management, and with technical and logistical issues, could encourage
higher rates of self archiving” (Kim, 2010, 1909).

Another theoretical framework usefully deployed to explain repository adoption by individual
researchers is the Unified Theory of Acceptance and Use of Technology (UTAUT). First developed
by Venkatesh, Morris, Davis, & Davis, (2003), this theory has been used by Mann, von Walter, Hess,
& Wigand (2009), and Dulle & Minishi-Majanja (2011) whose quantitative studies demonstrate the
particular importance of “Performance Expectancy”, “the degree to which an individual believes that
using the system will help him or her attain gains in job performance” (Venkatesh et al., 2003, 447).
Other important factors, including attitude to OA, awareness of OA developments, and expected
effort of using the technology are also identified as significant by Dulle & Minishi-Majanja (2011).
However, as Bjork et al. (2013) observe, the major weakness of these studies is that they conflate
Green and Gold OA in their analyses. A more recent study, Singeh, Abrizah, & Karim (2013), casts
some doubt on the utility of UTAUT in this context since the authors do not find a correlation
between UTAUT determinants and use behavior associated with repositories. However, they still
recommend further research to test their conclusions, since, as they acknowledge, theirs is a small-
scale study and it does at least find a positive relationship between the determinants. All of the studies
make practical recommendations around improving researcher awareness and considering the
potential of OA policy mandates.

A final theoretical model used to explain repository development is Innovation Diffusion Theory
(IDT). This has been deployed by Jones, Andrew, & MacColl (2006) in a practitioner context to frame
a discussion of the development of an institutional-level advocacy campaign aimed at promoting the
use of an institutional repository. IDT has also been used at a very different level by Xia (2012): to
explain different adoption patterns of both OA journals and repositories worldwide. His analysis



usefully incorporates discussion of technological, cultural and policy factors which influence varying
take-up globally. These studies using IDT between them illustrate a particular strength of Diffusion
Theory in that it can be used to explain adoption characteristics at a number of levels, including local
level (taking into account the behaviors of individual actors) and global level (taking into account
large-scale cultural and technological trends). It is deployed later in this paper to provide an
explanatory framework for the data presented which relate to the levels already described but also,
crucially, to organizational-level adoption.

This paper aims to provide a high level-analysis of the entire OA repository population worldwide,
including all repository types (disciplinary, institutional, format and others). It reviews the major
growth trends of repositories across different continents and countries and also analyses repositories’
current characteristics. It makes a number of observations about the contribution to and usage of
repositories within research communities. Based on the data presented, it goes on to discuss various
factors which have affected repository development to date and are likely to impact on further growth

in the future.

Data collection

The data analyzed here were gathered as part of the OpenDOAR (Directory of Open Access
Repositories) project based at the University of Nottingham, UK, carried out initially in partnership
with Lund University, Sweden. OpenDOAR was set up in 2005 to create “an authoritative directory of
academic open access repositories” throughout the world (OpenDOAR, n.d.-a). It began collecting
data in that year which were used as the basis of the OpenDOAR web directory, launched in
December 2005 and available since then. The records are periodically reviewed, updated and
augmented in the database and therefore the online service provides an up-to-date snapshot of the

worldwide academic repository landscape.

The OpenDOAR service is now used as an important source for data for research on OA
developments (for example, Bjork et al., 2013), OA Advocacy (for example, Morrison, 2012), and
also, via its application programming interface (API), as a data feed for other OA-related online
services (including: BASE, CORE, Institutional Repository Search, Open Access Tracker,
OpenAIRE, OpenDepot, Repository 66, and ROAR). Because of its widespread use, it is useful to
provide here some detail on its design and to review the repository growth trends and characteristics it
records.

An OpenDOAR online public record consists of the following:

e Organisation: the official title and country of origin of the organization(s) responsible for the
repository

e Description: a free text description of the repository and its services

e OAI PMH: the Base URL for the Open Archives Initiative Protocol for Metadata Harvesting

e Software: the software used as the basis for the repository, when known



e Size: the number of records in the repository (updated every 2-4 weeks)

e Subjects: broad subject description (using a controlled vocabulary based on the broad
categories in the Library of Congress classification scheme) or “multidisciplinary” if covering
a wide range of subjects

e Content: content types based on controlled vocabulary descriptions of “articles”,
“conferences”, “books”, “theses”, “learning objects” and other major formats

e Languages: principal languages present in the repositories content

e Policies: descriptions of submission and reuse rights for metadata and full items, and content
on preservation policies where available, using standardized vocabulary

e Remarks: free text field providing any other additional information, for example on
partnerships or membership of consortia

e OpenDOAR ID: the unique record number within the OpenDOAR database

These key data points are the basis of this study. Added to them are other data recorded in
OpenDOAR, including interoperability protocols deployed by repositories and geographical
coordinates of systems.

OpenDOAR records are, for the most part, created and maintained manually, rather than by automated

harvesting, in order to ensure a high level of quality. The OpenDOAR website explains this approach:

“As part of this quality assurance, OpenDOAR administrators carry out a detailed
investigation of each site, to ensure that the site is both accessible and provides access to full-

text content, without the need for a subscription or registration.” (OpenDOAR, n.d.-b)

This manual record creation is augmented by regular automated checks on each repository site
recorded in the database to ensure it is still available and also to enable the update of the “Size” field
in OpenDOAR. Repositories which prove to be inaccessible to the OpenDOAR robot are then
rechecked manually and any necessary changes to the Directory made, including the removal of
records for repositories no longer available. It normally takes between one and two weeks from initial
suggestion or discovery of a repository to its inclusion in the OpenDOAR database. This has changed
little since the first year of OpenDOAR’s release and therefore the database administrators express
confidence that OpenDOAR has been a relatively accurate and up-to-date picture of the repository
landscape, certainly since it became fully established in the fourth quarter of 2006.

Potential repositories for inclusion in OpenDOAR are identified in various ways, including proactive
searching by OpenDOAR staff and checking other sources such as registrations on the Open Archives
Initiative website (repositories included in OpenDOAR do not necessarily have to be OAI-PMH-
compliant but most are). In more recent years, many of the new records have been added as a result of
managers of recently-launched repositories applying to OpenDOAR to register their service. This
community-based participation in OpenDOAR, also seen in suggested updates to records, has
undoubtedly played an important role in maintaining the currency of the database. On occasions,
some records have been added to OpenDOAR in batches in order to update the database rapidly.
Although this is relatively rare, it applies to some repositories particularly in non-English-language-
speaking countries, such as Japan and Poland. This pragmatic approach to keeping the database up-to-



date as possible reflects the fact that it is designed primarily to be an up-to-date directory at any given
time rather than archive of historic trends and it is illustrated in some of the data presented below.

The criteria for inclusion in the database are specified on the OpenDOAR website which summarizes
its approach as aiming to,

“...collect and provide information solely on sites that wholly embrace the concept of open
access to full text resources that are of use to academic researchers. Thus sites where any
form of access control prevents immediate access are not included; likewise sites that consist
of metadata records only are also declined.” (OpenDOAR, n.d.-a)

This pragmatic definition of ‘open access’, encompassing both Gratis and Libre OA and also
including previously-embargoed content, allows for the inclusion of the widest possible range of OA
repositories supporting the research community. It does, however, exclude repositories which require
user registration or application for content, conditions which are typical of many data repositories.
Repositories must contain a proportion of full-text or other full-content files, but the published criteria
do allow for some metadata-only records in repositories:

“Repositories where both full-text and metadata entries are available in an open access
manner, may be included, where all other inclusion criteria are met.” (OpenDOAR, n.d.-b)

Thus the records listed in the database in the “Size” field may contain a combination of full-text and
other fully-open resources, plus metadata-only records. OpenDOAR does, however, reject a
significant proportion of the repositories suggested for inclusion, one reason for which may be a
repository entirely populated with metadata-only records:

“OpenDOAR currently rejects about one quarter of the suggestions it receives. Rejected sites
are primarily spam, metadata only repositories, duplicate suggestions or open access
journals.” (OpenDOAR, n.d.-b)

The last of these, open-access journals, are included in OpenDOAR’s ‘sister’ service, DOAJ
(Directory of Open Access Journals) and are therefore not duplicated in OpenDOAR. Most
repositories listed in OpenDOAR contain academic papers (‘e-prints’) — the service was originally
conceived as registry of e-print repositories. However, a minority of repositories also included in

OpenDOAR contain a wide variety of other formats such as data sets, learning objects, and images.

The approach taken by OpenDOAR differs from other available directories of OA repositories. For
example, ROAR (Registry of Open Access Repositories) is based on automatic harvesting (including
records derived from OpenDOAR itself) rather than manual record creation. One major advantage of
the ROAR approach, it might be argued, is immediacy: regular automated harvesting means there are
no delays in record creation. In contrast, the OpenDOAR team has had to work hard to ensure that its
manual record creation is timely in establishing its processes (although it has a good record in doing
so). However, a major disadvantage of the entirely automated approach is the fact that it tends to pick
up a significant number of ‘invalid’ sites, including experimental implementations which have few
records or those with metadata-only entries. Such sites are rejected by OpenDOAR. As a result,



ROAR tends to have larger numbers of repositories listed in its directory at any one time than
OpenDOAR (a fact observed with partial explanation by Morrison, 2012).

As well as counts of repositories, OpenDOAR also differs significantly from ROAR in the way it
counts items within each repository. Repository sizes in ROAR are determined using the OAIl PMH
harvesting of ‘record counts’. However, testing carried out by OpenDOAR has found this to be
unreliable and has therefore developed a set of alternative automated counting methods which testing
has shown to be more accurate. A total of 12 different methods have been developed and applied
selectively to different repositories depending on a number of factors including, for example, the
software that a repository uses (Millington, 2013). For each repository listed in OpenDOAR, an initial
assessment is made of which counting method is likely to yield most accurate results and, following
tests where necessary, this preferred method is then used to harvest data on record counts from that
repository. Consequently, OpenDOAR and ROAR, using different approaches to record counts,

usually record different sizes for any given repository.

The data analyzed here were extracted from the OpenDOAR database and cover the period December
2005 to December 2012. Data on the historic growth of the database over that period were provided
by the Centre for Research Communications on 7 January 2013. A snapshot of the entire database was
also taken on 19 December 2012 downloaded through the publicly-available OpenDOAR API. In
addition, comparable detailed snapshot data from 15 February 2008 were also available allowing
some comparisons to be made. The data were processed and analyzed using SPSS and Excel.

Results

Worldwide repository growth

Overall, the total number of repositories in OpenDOAR grew from 128 in December 2005 to 2253 in
December 2012 (see Figure 1). This represents a 1660% increase over the period. However, the rate
of growth was not entirely consistent over that time: there was very rapid growth in the first year
(from 128 to 855 repositories, between December 2005 and December 2006) and a slowing down of
growth in the final year (from 2185 to 2251, between December 2011 and December 2012).

In relation to the first of these periods, it may be commented that this time (2005 to 2006) was
certainly one of rapid growth in repository numbers; however, other factors may also be important in
explaining the changes. The growth in numbers is to a certain extent undoubtedly a function of
OpenDOAR service development and consolidation during its first year of operation. In particular, the
step change noticeable between July and August 2006 (from 379 repositories to 704), preceded by a
three-month plateau, is certainly an artifact of the technical development of the service during that
time. Between May and July 2006 OpenDOAR underwent a technical infrastructure upgrade as part
of its move from being a pilot to becoming a full production service. During those three months,
records for repositories were created off-line in a separate database and batch uploaded into the new



upgraded service during August and September 2006. This accounts for much of the rapid rise in
record numbers during that period.
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Figure 1. Overall growth of repositories in OpenDOAR, December 2005 to December 2012.

However, the apparent slowing down of growth in the final year is more difficult to account for. It is
likely to be attributable to a complex set of factors, some to do with repository growth itself, others to
do with the management of the OpenDOAR database. Examples of the former may be possible
repository saturation in certain countries and rationalization of multiple repositories into single
systems (both discussed below). An example of the latter is the systematic deletion of ‘dead’

repository records, a project that took place in accelerated form during 2012.

Geographical distribution

Figure 2 illustrates growth of repositories by continent between December 2005 and December 2012.
OpenDOAR uses ISO-3166 country attributions published by the International Organization for
Standardization (ISO, n.d.) and associates them with nine continent designations: Africa, Asia,
Europe, North America, Oceania, South America and also Australasia, the Caribbean and Central
America (these last three areas are sometimes controversially subsumed within larger continents but
are kept separate in OpenDOAR).
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Figure 2. Growth of repositories by continent, December 2005 to December 2012.

The data show Europe has consistently had a larger number of repositories than other continents, with
the gap growing between it and North America (which shows shallower growth) during the period.
Asia has shown a steeper growth pattern since late 2010, albeit at a lower level than Europe or North
America. Africa has experienced low-level growth throughout the period. Unusually, Australasia is
notable as having experienced a decline in the number of repositories since the beginning of 2011
(from 81 in January 2011 to 60 in December 2012). This is likely to be attributable to the closure of
the Australasian Digital Theses (ADT) program in 2010, resulting in Australian universities merging
their theses collections with their main IRs over the following year (Darby & Dyer, 2011).

More detail is shown in Figure 3 which illustrates the growth of repositories in the ‘top 10’ countries
(‘top 10’ in terms of numbers of repositories as at December 2012). The data show the USA to have
had the largest number of repositories for the entire period covered by OpenDOAR, followed by the
UK and Germany. Germany’s growth trend has been flatter than the UK’s, although the UK’s growth
has plateaued since the end of 2011. This plateauing raises the important issue of ‘saturation’,
particularly for institutional repositories. It might be argued, for example, that with 209 repositories,
most of which are institutional (see below), the UK is reaching a point where it is unlikely there will
be significant further growth in the number of repositories since this figure reflects closely the number
of major higher education and research institutions in the country.
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Figure 3. Growth of repositories by country (Top 10).

Compared with countries such as Spain, France and Italy which have seen steady growth throughout
the period covered by OpenDOAR, other countries in the top 10 have seen an acceleration of growth
later in the period, notably Taiwan (since mid-2010), and Brazil and Poland (since the beginning of
2011). Japan has clearly experienced growth from an earlier period (from 2006) onwards; however, it
does follow a somewhat anomalous growth pattern, including two major step changes in growth. This
is an artifact based on the data collection method for this and a small number of other non-English-
language speaking countries which are derived from available English-language listings of
repositories. In the case of Japan, data in OpenDOAR are derived from the Japanese National Institute
of Informatics listing of repositories (NII, n.d.), and reflects at least to some extent their update

patterns.

A number of countries show relatively low levels of growth in repository numbers during the period
studied. For example, China, in December 2006 was recorded as having 2 repositories; by December
2012, this number had risen to only 33. Over the same period, repository numbers in the Russian

Federation rose from 1 to just 12.

Overall, between December 2006 and December 2012, the number of different countries in the
OpenDOAR database rose from 48 to 102. Tables 1 and 2 provide a comparison between the ‘top 10’
countries by repository numbers in December 2006 and December 2012. Table 1 shows the top 10
countries in 2006 and is comprised of countries in North America, Western Europe, plus Australia and
Japan. Table 2 shows the 2012 top 11 countries (Canada and Taiwan are equal tenth) and illustrates
the emergence of countries from Eastern Europe (Poland), South America (Brazil) and Asia (Taiwan).
Also Spain, not previously in the top 10, has developed a large number of repositories compared with
many other countries in Western Europe. France and Italy have remained in the top 10 with consistent
development over the period. The Netherlands was initially in the top 10, but with an early repository
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development program and only a relatively small number of higher education institutions, seems to
have reached saturation point early and therefore has been overtaken by countries with larger numbers

of institutions.
Country Number of Country Number of
repositories repositories
United States 256 United States 398
Germany 111 United Kingdom 209
United Kingdom 93 Germany 165
Australia 52 Japan 138
Netherlands 44 Spain 97
France 31 Poland 75
Canada 29 France 70
Sweden 29 Italy 70
Italy 24 Brazil 64
Japan 16 Canada 58
Taiwan 58
Table 1. Top 10 countries by Table 2. Top 11 countries by
repository numbers, repository numbers, December
December 2006. 2012.

An interesting feature between the two tables is that the number of repositories in the top country in
2006 (US, n=256) is 16 times that of the number of repositories in the tenth country (Japan, n=16),
whereas in 2012 this difference in the number of repositories between the top country and the tenth
country was less than sevenfold (6.98). This is indicative of the growth in repository numbers outside
of the relatively small group of early adopters.

The longitudinal data are complemented by the data collected on repositories in December 2012
derived from a snapshot of the entire OpenDOAR database at that time. These show in detail the
distribution of repositories by continent and country. Figure 4 presents the data by continent, showing
Europe to have the largest number of repositories (1066; 47%), followed by North America (477;
21%), Asia (389; 17%), and South America (391; 8%).
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Figure 4. Repositories by continent, December 2012.

Figure 5, repositories by country in December 2012, shows the extent to which the US has a
noticeably larger number of repositories than other countries (398; 18% of the total). The US is
followed by the UK (209; 9%), Germany (165; 7%) and Japan (138; 6%). These and the other top 11
countries (with Canada and Taiwan equal tenth with 58 repositories each) are responsible for a total of
1402 repositories, 62% of all repositories worldwide.
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Figure 5. Repositories by country, December 2012.

The data therefore show a pattern of repository development initially concentrated in North America,
Western Europe and Australasia in the middle of the first decade of the 21* century, with Japan also
showing significant development soon after. Growth continued in those locations but also occurred in
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other areas, notably Eastern Europe (particularly Poland), South America (particularly Brazil) and
East Asia (particularly Taiwan). The worldwide distribution of repositories in December 2012 is
illustrated in Figure 6 based on data where the OpenDOAR record includes coordinates (present in
2212 of the 2253 records).
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Figure 6. Map of repositories worldwide, December 2012.

Repository characteristics

A number of key characteristics of the repository infrastructure in December 2012 can be identified
from the OpenDOAR data. These include repository ‘type’ (institutional, disciplinary, etc.), subject
coverage (multidisciplinary or subject specific), content type (journal articles, theses etc.), language
and size. These data can be compared with those available from February 2008, which include a
similar level of detail on repository characteristics, in order to identify any major changes since that
time.

With regard to repository type, the vast majority of repositories worldwide are classified as
‘institutional’ by OpenDOAR (Figure 7). Institutional repositories account for 1864 of the global
2253 repositories, 83% of the total. Disciplinary repositories are the other major category, but these
still only account for 11% (238) of the total. There were also 96 aggregating repositories (4% of the
total) and 55 governmental repositories (2% of the total). These proportions have changed little since
February 2008. Then, of the 1074 repositories, 800 (80%) were institutional, and 143 (13%)
disciplinary. In addition, there were 5% aggregating and 2% governmental repositories.
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Figure 7. Repository types, December 2012.

A total of 1857 different organizations are listed in the database as supporting repositories in
December 2012. Data presented by Bjork et al. (2013) suggest that these organizations include a large
proportion of the “most productive” research institutions worldwide by publications. Using
OpenDOAR and ROAR data on institutional repositories, they made comparisons with the global
league table of institutions produced by SCImago. They concluded, “Of the 148 most productive
institutions, 82% had at least one institutional repository for the purpose of collecting, preserving and
disseminating the intellectual output of the institution. The count of scientific documents for those
institutions amounts to 3,620,234 (85%), which also gives some hints on the mass of authors given the
possibility to self-archive in their affiliated institution’s repositories.” (Bjork et al., 2013, 21). This
analysis illustrates the potential of the repository infrastructure now established worldwide.

Most of the repositories are multidisciplinary in coverage, something which is to be expected if they
are institutionally focused. Table 3 shows multidisciplinary repositories represent 1390 (62%) of the
repositories worldwide. Where repositories have a specific identifiable subject coverage (rather than
being multidisciplinary), the subjects are recorded in OpenDOAR. There are a wide range of subjects
listed without any major subject area dominating: all are below 10% of the total number of
repositories. Multidisciplinary repositories have increased their share of the overall repository
infrastructure since February 2008. Then multidisciplinary repositories constituted 54% of the whole
(581 of the 1074), although similarly, no other subject category exceeded 10%.
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Subject Frequency | Percentage

Multidisciplinary 1390 61.7
Health and medicine 210 9.3
History and archaeology 179 7.9
Business and economics 149 6.6
Law and politics 146 6.5
Technology general 145 6.4
Science general 144 6.4
Computers and IT 124 5.5
Education 123 5.5

Geography and regional studies 123 5.5
Social sciences general 119 5.3

Biology and biochemistry 112 5
Ecology and environment 107 4.7
Library and information science 97 4.3
Arts and humanities general 95 4.2
Agriculture, food and veterinary 86 3.8
Philosophy and religion 85 3.8
Language and literature 84 3.7
Mathematics and statistics 77 34
Fine and performing arts 75 3.3
Management and planning 73 3.2
Physics and astronomy 70 3.1
Chemistry and chemical technology 69 3.1
Psychology 54 2.4

Earth and planetary sciences 45 2

Mechanical engineering and materials 44

Architecture 36 1.6

Electrical and electronic engineering 35 1.6
Civil engineering 27 1.2

Table 3. Repositories by subject, December 2012.

As Figure 8 shows, the most common content type for repositories listed in OpenDOAR is journal
articles: 1509 (67%) of repositories include this content type. Other content types are unpublished
reports and working papers, including pre-refereed versions of articles (in 802; 36% of repositories),
conference and workshop papers (783; 35%), and books, chapters and sections of works (619; 31%).
There are a number of other types, such as specific formats including learning objects and datasets, in
a smaller number of repositories. Most repositories then include several content types which clearly
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support the scholarly communication process in various ways. These proportions have not markedly

changed since 2008.
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Figure 8. Repository content types, December 2012.

Language is also an important characteristic of repositories identified in OpenDOAR. In December

2012, OpenDOAR listed repositories containing resources in 57 languages. English was the most

common language. 1595 repositories (71%) included English-language material. The predominance

of English partly reflects the native-language of host countries of repositories but also no doubt

reflects the position of the English language as the lingua franca of scholarship particularly in the

science, technology and medicine domains (Tardy, 2004). There are, however, other common

languages represented in repositories, also reflecting the countries of origin: Spanish (263, 11%),

German (193, 8%) and Japanese (139, 6%). There are materials in a large number of languages

included in a small number of repositories (10 or fewer). Repositories containing non-English

language materials have increased as a proportion of the whole since February 2008. Of the 1072
repositories on OpenDOAR in February 2008, 85% (917) of them included English compared with
71% of the total in December 2012 evidencing repository development outside of English-speaking

countries in the time since early 2008.
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Language Frequency Percentage
English 1608 71.4
Spanish 263 11.7
German 196 8.7
Japanese 140 6.2
French 129 5.7
Portuguese 114 5.1
Chinese 97 4.3
Polish 74 3.3
Italian 72 3.2
Norwegian 49 2.2

Table 4. Top 10 languages in repositories worldwide, December 2012.

A particularly controversial issue associated with repositories is their size. The largest repositories
contain millions of separate items. For example, one of the largest repositories in OpenDOAR, Europe
PubMed Central, contains 29,100,000. However, the vast majority of repositories are relatively small.
Of the 2129 repositories in OpenDOAR with “size” data recorded, only 74 of them have more than
100,000 items, and 570, more than 10,000 items. Whilst the mean average of items in repositories is
66,526, the median number is only 3093. Figure 9 shows a histogram for the size of repositories in
OpenDOAR on a logarithmic scale and Figure 10 shows the same data according to rank order of
size. These illustrate the distribution of repository size across the entire population. The data show, in
simple terms, that there are a very small number of large repositories (i.e., with more than a million
items) and a large number of small repositories (with between 100 and 100,000 items) which make up
the global repository landscape. There are also a low number of very small repositories, with less that
6.6% of the population having 100 or fewer items. This is not surprising given that initial repository
deployment may often tend to be associated with deposit of an early tranche of materials and
organizations may not invest in initiating repository deployment without such a corpus being
available.
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Figure 11 shows the number of items contained in repositories on a logarithmic scale against the log

rank of the repositories and demonstrates a power law distribution over the bulk of the x-axis, with the

relationship breaking down for the lower ranked repositories.
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Figure 11. Repository size according to rank, (December 2012) on logarithmic scales.

These data (and those in comparable services, such as ROAR) are, however, problematical. The data
are gathered by automated harvesting described above, but crucially harvesters cannot distinguish
between records in repositories with full content associated with them and those that are metadata
only. There is no reliable way automatically to calculate only the number of full-content items housed
in repositories, something which can only normally be achieved through case-by-case observation.
For example, whilst Europe PubMed Central has over 29 million items listed in OpenDOAR, its own
website states that it has over 2.6 million full text items and over 28 million abstracts. Very
approximately, therefore, 10% of items in the repository are full text. The “Size” count in
OpenDOAR (or other directories) cannot distinguish between these full-text documents and the
abstracts. In a case study of an institutional repository, Brown (2012) discussed the University of
Southampton in the UK (a leader of institutional development) and reported that of the 17,317
deposits made to its repository in 2010, 12% were full text. This was an increase on previous years.
The balance between full text and metadata records will, of course, vary across different repositories
with different policies. Southampton, for example, uses its repository to collect metadata records of all
of its publications as a matter of policy, encouraging the additional deposit of full text where possible.
Other institutional repositories may only accept full text.

The repository size date in OpenDOAR should therefore be considered maximum figures for full-
content items in repositories. Whilst the number of full-content items in any repository may be lower
than the OpenDOAR size figure, it will not be higher, and therefore the OpenDOAR figure represents
an upper limit. This helps to put the median repository size figure of 3093 into perspective since it is
likely to be considerably higher than the actual number of full-content items. This emphasizes the
point that to date repositories tend to be small. It also serves to highlight some significant
consequences for assessments of repository development worldwide. It is common for researchers and
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OA advocates to make use of OpenDOAR data (and those from similar services) uncritically in their
analysis of repository size. This may mean that the overall size of the repository infrastructure is at
times exaggerated. As observed by Bjork et al. (2013), a variety of methods are needed to assess
repository size reliably, with OpenDOAR data (and those of similar directories) being only one
indicator.

Repository setup

Repository providers typically make use of available open-source OAl-compliant software to run
services, with two repository packages dominating: DSpace (917 repositories; 41%) and ePrints (321;
14%) (Figure 12). Between them, DSpace and ePrints account for over half of the repositories
worldwide. These two software packages were also predominant in February 2008. However their
relative positions have changed since that time. Of the 1072 repositories then, 273 (25%) made use of
DSpace, and 209 (19%) ePrints. DSpace has then noticeably gained ‘market’ share.
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Figure 12. Repository software types, December 2012.

Other repository software and platforms used include Digital Commons, OPUS and dLibra. OPUS use
is limited to Germany and dLibra to Poland since these systems were designed in German and Polish
respectively. In other non-English-speaking countries, there does not appear to be any language-
specific software in widespread use, and so use is made of open-source software such as DSpace or
locally-developed solutions which cannot easily be identified. A significant minority of repositories
(417 or 19%) use other software, and in the case of 286 (13%) the software could not be ascertained.
A large proportion of repositories in these categories are likely to use locally-developed software.
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One key feature designed into many repository services is systemic interoperability. The OpenDOAR
project records where a repository has machine-to-machine protocols enabled (although these data are
not yet publicly available in the directory). Unsurprisingly, the most common protocol being used by
repositories (1599; 71%) is OAI PMH, although this might be expected to be higher since most of the
available open-source software repository packages come with OAI PMH ‘out of the box’ and OAI
PMH is the recognized protocol associated with the repository infrastructure. Other protocols being
used are RSS (RSS 2: 943 repositories, 42%; RSS 1: 706, 31%; RSS — unspecified: 413, 18%), Atom
(619; 27%) and SWORD (448; 19%).

As well as software used, OpenDOAR also records repository license conditions. Strikingly, however,
the 2253 repositories listed in OpenDOAR, as many as 1766 have no evidence of licenses including
rights information. Some repositories use licenses to define how content may be reused or harvested,
for example, but they are a small minority. The absence of such licenses in the case of most
repositories is a major weakness in the repository infrastructure. It means that content from a strictly
legal point of view can only be assumed to be Gratis rather than Libre OA and therefore defined reuse
rights are very limited.

Discussion

The data presented here show a clear growth in repositories worldwide between 2005 and 2012.
Growth was concentrated initially in Western Europe, North America, and Australasia, closely
followed by Japan. More recently, however, growth has widened to include other areas, particularly
parts of Asia, Eastern Europe and South America. Africa and Central Asia continue to experience
comparatively low levels of repository development. The largest numbers of repositories are still in
Europe, North America, and Australasia plus Japan. Repositories are predominantly institutional in
their focus and multidisciplinary in their coverage. They contain a wide number of content types, most
of which are various forms of research outputs, and most commonly include English-language
material. Whilst the size of repositories is difficult to assess accurately, the available data indicate that
there are a small number of large repositories and a large number of small repositories making up the
repository infrastructure. The most common technical setup for a repository involves the use of open-
source OAI-compliant software but, significantly, often does not include any formal licensing of

content.

Xia (2012) has demonstrated the utility of Innovation Diffusion Theory (IDT) in explaining some of
these global trends and characteristics. In particular, he makes some important observations about
geographical variations in adoption of OA which apply to repositories as well as OA journals. He
identifies a number of enablers and barriers to adoption which help to explain many of the key trends.
In some cases, adoption is explained partly by different levels of existing IT infrastructure. Low levels
of infrastructure provision in areas such as Africa and Central Asia, for example, may reasonably be
assumed to be significant barriers to repository development. Language is also an important issue. In
some cases the predominance of English in OA repositories may be a barrier in non-English-speaking
countries, especially in disciplines where there may be a preference for communicating in other
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languages or a tendency, as observed by Norris, Oppenheim, & Rowland (2008), to “cite work from
their own country preferentially.” In other cases, language can be an enabler: with English
increasingly being the “international language of science” (Garfield, 1977; see also Tardy, 2004), it
may in many cases encourage communication across borders.

Cultural issues are also important in helping to explain significant variations in adoption between
countries. Xia (2012) contrasts Japan and China, for example. In Japan, there was a pre-existing
scholarly communication culture which promoted sharing and which therefore created a climate in
which rapid adoption of OA was possible. In contrast, in China, Xia argues that researchers, reacting
to widely perceived “gray area between reference and plagiarism”, have shown caution about
intellectual property loss and therefore a reluctance to adopt OA. In addition, policy developments
have played a significant role. In countries such as the UK, Poland and Brazil, a combination of OA
policy developments plus funded initiatives from government-sponsored agencies encouraging OA
adoption in general and repository development in particular have undoubtedly been important in
facilitating growth in repository numbers. However, different policy approaches have led to different
outcomes. For example, different development patterns in the UK and France have partly been the
result of different policy approaches. Whereas the UK has encouraged and funded the development of
distributed institution-based repositories largely through Jisc infrastructure programs, France has
encouraged development of a smaller number of more centralized repositories, particularly the CNRS-
funded (Centre National de la Recherche Scientifique) HAL (Hyper Articles en Lignes) series of

repositories.

In this context, it is important to note that in China and Russia, where there are relatively low numbers
of repositories, most of the repositories in existence are institutional. This means that the low number

of repositories cannot be explained by a more centralized approach to repository development. In both
cases then a combination of factors, including existing IT infrastructure, language, culture, policy and

funding, should be brought to bear to explain the current situation.

Innovation Diffusion Theory as proposed by Rogers (2003) shows that in the case of successful
innovations early adoption of the innovation is followed by accelerated adoption more widely,
creating a classic ‘S-shaped’ adoption curve associated with ‘take off’. It is possible that OA
repositories may follow this pattern of adoption globally particularly if repositories become an
accepted part of mainstream scholarly practice. However, it is clear that this will partly depend on the
precise role that repositories play in future. Advocates of Green OA see repositories as central to a
future scholarly communication system, whereas others see repositories as playing a more peripheral
role, for example, focusing on managing information such as grey literature and dissertations. The
former is more likely to result in global take off, whereas the latter is more likely to result in

incremental adoption.

Whilst it is reasonable to hypothesize that use of repositories in a role central to the scholarly
communication process in early-adopter countries may accelerate diffusion in other countries, it
should however be noted that repository development is likely to continue to be at different stages of
the innovation cycle in different countries for the foreseeable future. Whilst there is considerable
potential for continuing expansion of the repository infrastructure in many countries, it is probable
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that numbers of repositories in certain (early adopter) countries may be nearing saturation point. For
example, in the Netherlands and UK, all major research institutions now have repositories and it is
therefore likely that growth in the number of repositories will plateau out — data presented here
suggest this may have begun to happen. This, of course, applies to the growth in the number of
repositories rather than growth in their contents. As has been shown, for the vast majority of
repositories, considerable potential remains to expand content — and IDT can again be usefully
deployed to analyze such developments.

Jones et al. (2006) have also used IDT to explain repository development but at a very different level
from Xia. They use Diffusion Theory for framing a discussion on institutional repository
development, and in particular the design of an advocacy program within an institution aiming to
promote repository use amongst academic staff and therefore facilitate growth of repository content.
Their analysis provides useful information for practitioners at institutional level whilst at the same
time demonstrating the explanatory efficacy of IDT. They draw specifically on the explanation
provided by Rogers (2003) of variables determining the rate of adoption of innovations. Rogers
identifies five key attributes of innovations which significantly influence rates of adoption, described
by Jones et al. as:

o “the relative advantage of adopting the new technology;

o the compatibility of existing work practices and ethics;

e the complexity involved in actually using the innovation;

e the trialability, or the degree to which it can be experimented with;

e the observability and visibility of the results.”
(Jones et al., 2006, 114)

They go on to explain how IRs containing research outputs correspond to these attributes from the
perspective of researchers in an institution. Specifically, they argue that an IR potentially delivers
relative advantage to researchers by improving the economics of scholarly communication and
increasing the visibility of their work. Use of the repository is compatible with existing academic
values and requirements. It is relatively un-complex to use and can be trialed by academic staff.
Finally, they argue, the repository’s value can be observed through increased citation levels associated
with OA and other visible impacts. Although these attributes ostensibly create conditions for rapid
innovation uptake, major barriers remain, particularly around slow cultural acceptance of repositories
and low levels of incentives encouraging individual adoption. Jones et al. suggest a number of
practical approaches to addressing these barriers largely associated with awareness-raising and

advocacy.

Jones et al.’s analysis relates primarily to the response of individuals to the innovation attributes
proposed by Rogers (2003) and provides some useful commentary at that level. However, it is worth
observing that the attributes may also reasonably be extended to apply to organizations and
communities making innovation adoption decisions around setting up repositories in the first place as
well as to individuals considering contributing content. In the case of repositories, relevant
organizations and communities are academic institutions and disciplinary communities. With
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reference to Rogers’ attributes of innovations, there is certainly an argument that OA repositories
containing research outputs can deliver relative advantage to organizations by making the outputs of
their staff more visible and therefore increasing academic and societal impact. Such an advantage can
also be argued to be compatible with an academic institution’s mission or that of a subject
community. Furthermore, repositories are relatively simple to set up from an organizational point of
view (although the embedding of business processes associated with self-archiving may be more
complex). The use of repositories is also clearly trialable for organizations in a way that minimizes
risk before widespread use is pursued. Finally, the results of repository use can be easily observed and
monitored by organizations. These innovation attributes then seem to indicate significant potential for
organizations in adopting repositories and provide a helpful framework for exploring many of the

trends evident in the data reported in this study.

This application of IDT’s innovation attributes to apply to organizations complements other aspects of
Diffusion Theory as proposed by Rogers (2003) which highlight the importance of organizations.
Since organizational adoption of repositories is in most cases the primary innovation decision, with
individual user adoption being contingent on that decision, “organizational innovativeness” is crucial.
This is influenced by a number of variables identified by Rogers. The first of these is the
characteristics of leaders in the organization and their attitude towards change. This has proved to be
important in repository development with institutional and subject community leaders often being
responsible for championing repository implementation at different stages. Certainly, the ‘buy in’ of
senior managers in an institution and thought leaders in a community has been recognized to be an
important factor in repository development (Jones et al., 2006). Much of the future of repository
development, it may reasonably be assumed, is likely to be significantly determined by the role taken
by senior leaders, especially as repository use widens and starts to come within the purview of a wider
range of leaders in institutions not previously involved in OA development or advocacy.

Also important in determining organizational innovativeness are attributes of the organization itself as
defined by Rogers (2003), including:

o Centralization: “the degree to which power and control in the system are concentrated in the
hands of relatively few individuals”

o Complexity: “the degree to which an organization’s members possess a relatively high level
of knowledge and expertise”

e Formalization: “the degree to which an organization emphasizes following rules and
procedures”

e Interconnectedness: “the degree to which the units in a social system are linked by
interpersonal networks”

e Organizational slack: “the degree to which uncommitted resources are available”

e Size: with larger organizations often having greater capacity for innovation.
(Rogers, 2003, 379-383)

Academic institutions and subject communities tend to have characteristics of low centralization, high
complexity, and low formalization, with variable interconnectedness, variable organizational slack
and variable size. These characteristics are particularly important when considering Rogers’
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distinction between different “subprocesses of the innovation”: the “initiation” phase and the
“implementation” phase. “Low centralization, high complexity, and low formalization facilitate
initiation in the innovation process, but these structural characteristics make it difficult for an
organization to implement an innovation.” (Rogers, 2003, 380). This distinction between initiation on
the one hand, and implementation on the other is highly relevant in considering organizational
adoption of OA repositories to date. In many higher education institutions and subject communities
there may be few barriers to the initiation of innovation and as a result repositories can be set up
quickly. However, achieving widespread implementation of the innovation in the organization is
demonstrably more difficult, and the difficulty arises because of the same characteristics of the
organization which made initiation relatively easy. The decentralized nature of decision-making and
processes, the high complexity of the organization and its governance, and the low formalization of
structures and cultures, mean that the widespread implementation of the innovation, particularly in
large organizations, can be delayed. There is then a complex relationship in terms of innovation
adoption between the organization as a whole and individual members within it, with initial adoption
of the innovation by the organization not necessarily resulting in short-term widespread acceptance by
its members. In many early-adopter organizations, it may be observed, this is the stage their
repositories have now reached, hence the concerns expressed in the practitioner literature on this

topic.

Of course, users within any organization are not homogenous. There may be significant differences
between users in terms of adoption of repositories, particularly associated with disciplinary
differences (Bjork et al., 2013; Kling & McKim, 2000). These have undoubtedly affected the take-up
of disciplinary repositories, with some particular subject communities making extensive use of them
(for example the high-energy physics community using arXiv). However, disciplinary differences also
impact on the use of institutional repositories across a single organization (Spezi, Fry, Creaser,
Probets, & White, 2013; Xia, 2008). Disciplinary differences therefore contribute to the complex set
of factors (technological, cultural, and managerial) which affect the interrelationships between
individuals, institutions and scholarly communities which have determined the shape of repository

adoption to date and are likely to impact on the future development trajectories.

However, there is one additional factor to consider in this context which has impacted on
development to date and could potentially have a determining role in future adoption: the fype of
innovation decision. Rogers observes that decisions can either be optional (where individuals have
choice in whether they adopt the innovation) or authority-based (where relatively small numbers of
people in an organization or community determine adoption). In the case of many repositories,
innovation initiation may have been carried out by a relatively small number of people but wider
implementation often remains optional. Such optionality has often led to low levels of repository
usage by faculty. However, IDT does recognize that on occasions “a higher level social organization
such as a government, community, or a commercial company can exert its influence on the behavior
of individual members of the system” and “mandate adoption” of the innovation (Rogers, 2003, 239).
This often occurs where adoption can create system-wide benefits but the incentives for specific
individuals to adopt voluntarily the innovation may be low — a factor which is important for OA in

general and repository implementation in particular.
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Mandates of various kinds have been introduced in order to encourage the adoption of OA, including
use of repositories (Kennan, 2011; Xia et al., 2012). In most cases, mandates focus on author deposit
of content, although imply, and may sometimes specify, organizational adoption of repositories upon
which user self-archiving is contingent. Some mandates have been introduced by institutions,
encouraging OA adoption amongst their members (usually involving deposit in their own IR).
However, the nature of the institutions as described above, has meant that these mandates are usually
not easily enforceable, particularly in a context where incentives for implementation are often
relatively low and sanctions for non-compliance minimal (Sale, 2006). There are, however, notable
exceptions to this, where strongly-worded policies combined with relevant incentives and sanctions
can increase deposit rates significantly (Lariviere et al., 2012). Nevertheless, as well as institutions,
increasingly governments and research funders (government-sponsored and independent) have begun
to introduce OA mandates. Because their mandates generally have a much wider coverage than
institution-specific policies and also, because they often introduce meaningful incentives and
sanctions, they are often more likely to create significant levels of change in author behavior,
particularly when combined with institution-level compliance programs.

Mandates have been introduced by a number of funders since 2003. In that year, a number of research
funders in Germany issued the Berlin Declaration declaring their support for open access (Max Planck
Society, 2003). A year later in the USA, the National Institutes of Health (NIH) in the USA
introduced a mandate for all of its grant holders to make their work OA (O’Keeffe, Willinsky, &
Maggio, 2011). This was followed in 2005 by the Wellcome Trust in the UK introducing a more
strongly-worded mandate (Walport & Kiley, 2006). A large number of other governments and funders
have introduced such policies since. In the last two years, there has been and further activity to
strengthen the wording of such mandates, ‘requiring’ rather than ‘encouraging’ deposit in a
repository, for example. Also, the introduction of meaningful incentives and sanctions to encourage
compliance have been apparent, including, for example, withholding parts of grants until compliance
can be demonstrated. At the same time, levels of compliance are also beginning to be monitored by
funders. In the UK, for example, the Wellcome Trust now actively monitors compliance with its
mandate and has introduced measures involving sanctions, such as withholding funding in various
ways in the event of non-compliance (Wellcome Trust, 2012). In January 2013, Kiley (2013) reported
compliance levels for Wellcome-funded research outputs to be around 60% in March 2012 compared
with less than 20% in March 2007. Also, the government-sponsored Research Councils have issued a
joint policy which aims to ensure that all of its grant holders make their work open access, preferably
via the Gold route but also allowing for Green OA (RCUK, 2013). More recently, the Higher
Education Funding Council for England has proposed that the research assessment process that it
manages (the Research Excellence Framework) will in future involve the expectation that all work
submitted for assessment should be made available in an institutional repository (HEFCE, 2013). If
the latter policy was to be implemented, it would significantly increase the likelihood of widespread
adoption of repositories by UK researchers. Similar developments are underway, for example, in the
USA, with the Federal Fair Access to Science and Technology Research (FASTR) bill announced in
February 2013 and a new OA policy memorandum issued by the Office of Science and Technology
Policy (OSTP) the same month (Kaiser, 2013).
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Evidence suggests that mandates may be crucial in determining the future development trajectory of
repositories, particularly in terms of widespread implementation and use. If they are to be effective,
mandates clearly need to be worded in a robust way and complemented by meaningful incentives and
sanctions as well as accompanied by compliance monitoring. The importance of the policy
developments now taking place particularly in the repository early-adopter countries, are yet to be
seen both in terms of OA in general and repositories in particular. However, there is a strong
possibility that they will have a significant impact on the use of the repository infrastructure in those
countries and that that impact will in turn accelerate diffusion in other countries, both in terms of the
growth of repository numbers and repository content. It is likely, however, that different countries will
continue to proceed at different speeds depending on the complex set of technical, cultural,

managerial and economic factors. Such developments need to continue to be tracked and monitored.

At the same time, cultures of communication are changing. Greater experimentation in scholarly
communication is happening in a large number of ways, much of it increasingly open access. Whilst
this varies across disciplines, and disciplinary differences will certainly continue to be important, it is
likely to impact on the use of repositories by various subject communities. This is particularly the case
as other open developments, including data sharing and exchange of learning objects (which are
themselves often associated with repositories), also become more embedded in academic practice.

Conclusion

The data from the OpenDOAR service presented here provide an important perspective on the
development of the global repository infrastructure from 2005 to 2012. They show that early
adoption, concentrated in Western Europe, North America and Australasia, has been followed by
development in other areas including East Asia, South America and Eastern Europe. However, areas
such as Africa and Central Asia, and countries such as China and Russia, have experienced relatively
low levels of growth throughout the period. Globally, repositories are predominantly institutional,
multidisciplinary and English-language-based. They are typically set up using open-source OAI-
compliant repository software but remain immature in terms of explicit licensing arrangements.
Crucially, they are for the most part relatively small in terms of content. Further work is needed to
continue to monitor global development trends of repositories and to assess the importance of the
various factors which influence those developments. In particular, more work is required to assess
reliably content growth in repositories. Work is also required to strengthen repository services
themselves, particularly around the creation of explicit license agreements to enable the reuse of

resources.

The global trends described here can be explained by a number of factors informed particularly by
Innovation Diffusion Theory. Amongst these, existing IT infrastructure and language play an
important role. However, a complex set of cultural factors along with policy and funding initiatives
are also crucial. They suggest that different countries may continue to proceed at different speeds in
the innovation process with the ultimate trajectory of the growth curve dependent on the final role the
repositories have in scholarly practice.
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The setting up of repositories by particular institutions or subject communities is partly determined by
the attributes of the innovation itself. It may be seen that repositories create ostensible relative
advantage for the organization adopting them and its members: they are compatible with existing
working practices and values, they are relatively un-complex to use, they are trialable, and their
results are visible — factors which create potential for successful innovation. As well as the innovation
attributes, the attributes of the organization are also crucial. However, it may be observed that the
attributes of academic organizations, which may make initiation of repository developments relatively
easy (including low centralization, high complexity and low formalization), may actually contribute to
making widespread implementation of repositories problematical. Evidence suggests that many
repositories, particularly institutional repositories, are not being widely used by researchers with
overall deposit levels remaining relatively low. Strong leadership in an organization combined with
awareness-raising and advocacy programs promoting the use of repositories (themselves informed by
the key innovation and organizational attributes relating to repositories) will undoubtedly go some
way to addressing these issues. Further work is needed to analyze the effectiveness of such initiatives.

However, an equally important consideration is the level of voluntariness in adoption of repositories.
Evidence suggests that mandates may accelerate adoption and therefore may be crucial in determining
future adoption patterns. Whilst institutional mandates have some role to play, funder or governmental
mandates are more likely to have a greater impact. Their impact does, however, largely depend on the
extent to which they are worded robustly, complemented by meaningful incentives and sanctions, and
accompanied by compliance monitoring. Recent developments in these areas in a number of
repository early-adopter countries are likely to have significant impact within their own countries and

this is likely to extend more widely. Their impact needs to be monitored and analyzed.

The complex relationships between individual researchers, their organizations and subject
communities, and their funders and governments, and the contributions all these actors make to
repository development, need to be further explored in order to explain ongoing developments. Open-
access approaches in general, and OA repositories in particular, have the potential to transform
scholarly practice. The period since 2005 has seen considerable change in this area, with a repository
infrastructure being established which is capable of playing an important role in scholarly
communication. However, it is the next decade which is likely to reveal the extent to which these
changes make a widespread and enduring impact on the scholarly community.
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