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Abstract

In the process of investigating research questions and sharing research data, re-
searchers require infrastructure to ensure maximum accessibility, stability, and
usability of data. Such infrastructure can be collectively termed as Research
Data Repository (RDR). The re3data.org project, initiated in 2012, primarily
focuses on the registration of research data repositories and provides researchers,
funding agencies, libraries, and publishers with a comprehensive overview of het-
erogeneous research data repositories. As of July 2013, 400 research data repos-
itories have been registered with re3data.org, among which 288 have adopted
re3data.org’ s information icons to assist researchers in selecting appropriate
repositories for storing and reusing their data. This paper delineates the land-
scape of heterogeneous RDRs, articulating institutional, disciplinary, interdisci-
plinary, and project-specific types of RDRs. It provides an in-depth description
of re3data.org’ s features and how this registry system helps researchers identify
repositories suitable for storing and searching research data.
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Abstract

Researchers require infrastructures that ensure maximum accessibility, stabil-
ity, and availability of data to facilitate working with and sharing research data.
Such infrastructures are collectively referred to as Research Data Repositories
(RDR). Since its launch in 2012, the re3data.org project has focused on register-
ing research data repositories and providing researchers, funding organizations,
libraries, and publishers with a comprehensive overview of heterogeneous re-
search data repositories. As of July 2013, 400 research data repositories have
been registered with re3data.org, of which 288 utilize re3data.org’ s information
icons to help researchers select appropriate repositories for storing and reusing
their data. This paper depicts the landscape of heterogeneous RDRs, describ-
ing institutional, disciplinary, interdisciplinary, and project-specific repository
types. It provides an in-depth description of re3data.org’ s features and explains
how this registry system assists researchers in identifying suitable repositories
for storing and searching research data.

Keywords: Research data, Research data management, Open access, Institu-
tional repository development, Open science, Research data repositories, Infor-
mation management

Introduction

The sharing and reuse of research data has gained increasing attention in recent
years. As early as 2003, major research organizations worldwide began calling
for open access to scientific and humanities knowledge, and their Berlin Dec-
laration (2003) recognized research data as part of scholarly knowledge [1]. In
2007, the Organisation for Economic Co-operation and Development (OECD)
published Principles and Guidelines for Access to Research Data from Public
Funding, which established “promoting access to and sharing of research data
among researchers” as its core mission [2]. These two documents represent early
frameworks that emerged from extensive and ongoing debates among various
stakeholders in the academic system.

In its 2012 report Science as an Open Enterprise, the Royal Society urged sci-
entists to make their research data accessible and usable through “intelligent
openness” : “Scientists should store data in appropriate data repositories to
enable use and validation of the data” [3]. EU policy responded to this rec-
ommendation by seeking to ensure that member states adopt policies guaran-
teeing “public access to, use, and reuse of research data from publicly funded
research results through electronic infrastructures” [4]. The U.S. government
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went further, requiring maximum access to digital research data from national
research institutions. The White House Office of Science and Technology Policy
(OSTP) specified that “digital research data generated through projects funded
wholly or partially by the federal government should be stored and made pub-
licly accessible for search, retrieval, and use” [5]. The EU planned to incorporate
similar requirements in its 8th Horizon 2020 framework [6]. Implementation of
these policies depends on selecting appropriate research data repositories across
different disciplines, which necessitates precise definitions of research data ter-
minology.

Perceptions of research data vary according to research methods and objects
across different disciplines. However, the concept of research data, like that of
research data repositories, must serve the understanding of different academic
communities and their information infrastructure needs. We therefore define
research data as digital data that are part of or result from the research pro-
cess. This process covers all stages of research, from data generation to research
output, including empirical studies in science and social science or observations
of cultural phenomena. Due to disciplinary and methodological differences, dig-
ital research data exhibit various data types, integration levels, and formats.
For the purpose of accessing and reusing research data, digital data have no
value without metadata and descriptive tools that specify how data archives are
created, stored, adapted, and analyzed [7].

Data policies require funded researchers and authors to ensure the accessibility
of data produced in publications or projects [8]. This affects how scientists and
research institutions hold research data and has even greater implications for
how funding agencies and journals recommend and enforce relevant policies. For
example, the U.S. National Science Foundation’ s (NSF) Data Sharing Policy
requires applicants to “share with other researchers, at no more than incre-
mental cost and within a reasonable time, the primary data, samples, physical
collections and other supporting materials created or gathered in the course of
work under NSF grants” [9]. The NSF further requires measurement of policy
implementation through Data Management Plans [10]. Since 2010, the German
Research Foundation (DFG) has included similar principles in its project pro-
posals, requiring German researchers to comply with “existing standards and
data repositories” to the best of their ability [11]. Similar conditions appear in
academic publishers’ editorial policies; for instance, Nature Publishing Group
(NPGQG) requires authors to “make materials, data and associated protocols avail-
able to others without restriction” [12]. Therefore, open sharing of research data
should be realized through public repositories.

Although scientists recognize the common underlying benefits of data sharing
for scientific progress, most remain hesitant in practice [13,14]. Incentives can
promote change, such as proper citation of data [15]. Consequently, data sharing
has significant potential for integration into scholarly communication.

Research data can implement open access through three publication strategies
[16]: (1) Independent publication of research data as standalone information
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objects distributed by repositories [17]; (2) Publication of research data along-
side textual literature, sometimes called data papers [18]; and (3) Publication
of research data attached to publications (to enrich them) as supplementary
materials that annotate textual content [19]. A common feature of these strate-
gies is the requirement for information infrastructure that ensures permanent
preservation and maximum open sharing of data. Such infrastructure is known
by various names, including data archives, data centers, digital libraries, digital
collections, and others, which we refer to as Research Data Repositories (RDR).

Until now, a comprehensive overview of these infrastructures and their func-
tions has been lacking. The research data repository registry re3data.org has
changed this situation. The project began indexing research data repositories in
2012 and provides researchers, funding agencies, libraries, and publishers with
a systematic overview of the heterogeneous RDR landscape. In July 2013, the
re3data.org registry listed 400 research data repositories, with 288 employing a
special icon system developed by re3data.org to describe themselves in detail.
The following sections provide a landscape overview of RDRs (see Section 2)
and describe the development of the registry, its features on re3data.org, and
how this mechanism helps identify repositories suitable for storing and searching
research data (see Section 3).

2. Landscape of Research Data Repositories

The European Commission’ s 2009 ICT report concluded that “data reposi-
tories across Europe are very heterogeneous, but we have a coherent develop-
ment policy that provides a solid foundation for overcoming this fragmentation
and enabling research communities to better manage, use, store, and preserve
data” [20]. The Commission emphasized that a clear landscape overview of in-
formation infrastructure appropriately expresses the need for integration and
assimilation of research data services.

RDRs and their services are characterized by their stored content and provide
storage for access and use of various file types in different contexts. However,
compared to storing research data, greater attention has been paid to stan-
dardizing repositories for research publications. The Open Archives Initiative
(OAI) established standards and networks early on to promote institutional or
disciplinary repositories for open access to textual information objects such as
research papers (pre- or post-publication) and dissertations [21]. Conversely,
the RDR community lacks comparable standards.

To date, only a few studies have investigated the global status of research
data repositories, such as Marcial and Hemminger’ s 2010 survey of 100
RDRs [22] and Schaaf s similar study in 2011 [23]. Across disciplines,
numerous different RDR projects have emerged. Even within a single
discipline, biomedicine offers a substantial number of RDRs that shape
today’ s research data infrastructure landscape. Moreover, biomedical digital
infrastructure can be accessed by other specialized academic communities.
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The Nucleic Acids Research journal’ s 2013 “Molecular Biology Database”
(http://www.oxfordjournals.org/nar/database/a/) presents 1,512 infrastruc-
ture facilities for storing biological research data [24]. Among these, 200
infrastructure facilities are managed within the ELIXIR bioinformatics project
scope for European life sciences infrastructure, with at least 350 staff from 100
research institutions responsible for operating these repositories. Communities
comprising thousands of scientists use such RDRs. The annual direct cost of
these 200 RDRs is approximately €30 million [25]. For sustainable operation of
biomedical RDRs, ELIXIR joined the European Strategy Forum on Research
Infrastructures (ESFRI) to strategically promote and maintain Europe’ s
position as an international research center within the European Research
Area (ERA). Since its launch in 2004, ESFRI has recognized that research
infrastructure includes not only physical infrastructure such as research fleets or
particle accelerators but also digital information infrastructure like “electronic
archive systems for research publications and databases” [26].

2.1 Types of Research Data Repositories

The following typology of RDRs has evolved from analysis of 400 repositories.
Based on broad differences between institutional and disciplinary academic lit-
erature repositories [27], the authors distinguish institutional, disciplinary, mul-
tidisciplinary, and project-specific RDRs [28]. The distinctions among these
four repository types are described below. This systematic classification helps
provide a comprehensive overview of different concepts and strategies for per-
manent access and reuse of research data infrastructure.

(1) Institutional Research Data Repositories

Institutional research data repositories are operated by universities or research
institutions and function at an interdisciplinary scale within the university level.
Edinburgh DataShare (http://datashare.is.ed.ac.uk) is a UK example of an in-
stitutional RDR. The University of Edinburgh established a “web-based digital
repository for interdisciplinary research data” [29] built on the DSpace software
framework between 2007 and 2009 [30]. As of March 2013, the repository stored
61 datasets. Open Data LMU (http://data.ub.uni-muenchen.de) from the Uni-
versity of Munich is another institutional RDR example from Germany. Since
2010, it has used ePrints software as a research data publishing platform for all
university members [31]. The repository stored 35 datasets as of March 2013.

(2) Disciplinary Research Data Repositories

Prominent examples in disciplinary RDRs include GenBank and PANGAEA.
GenBank’ s service (http://www.ncbi.nlm.nih.gov/genbank), launched in 1982,
positions itself as a “public database of nucleotide sequences supporting biblio-
graphic data and biological annotation.”The U.S. National Center for Biotechnol-
ogy Information (NCBI) operates this infrastructure, providing information on
over 250,000 nucleotide sequences [33]. PANGAEA (http://www.pangaea.de), a
data publisher for earth and environmental sciences, positions itself as “an open-
access library for archiving, publishing, and distributing georeferenced data from
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earth system research” [34]. This RDR is operated by the Alfred Wegener Insti-
tute for Polar and Marine Research (AWI) and the Center for Marine Environ-
mental Sciences (MARUM) at the University of Bremen. PANGAEA began as
a “paleoclimate data center” funded by the German Federal Ministry of Educa-
tion and Research (BMBF) between 1994 and 1997 [35]. In 2011, PANGAEA
stored approximately 500,000 datasets in the earth sciences domain [36].

(3) Multidisciplinary Research Data Repositories

Beyond institutional and disciplinary approaches, research data repositories can
also serve multidisciplinary needs. Figshare (http://figshare.com), one such
RDR case, “allows researchers to publish all of their data in a citable, search-
able, and shareable manner” [37]. Since 2011, Figshare has been operated by
the Digital Science division of Macmillan Publishers [38]. A second example,
LabArchives (http://www.labarchives.com), is “web-based electronic notebook
software”operated by a private company that allows scientists to “store, organize,
and publish their research data” [39].

(4) Project-Specific Research Data Repositories

Special research projects generate particular research data, leading to
various RDR configurations. ~ The Scientific Drilling Database (SDDB)
(http://www.scientificdrilling.org), operated by the GFZ German Research Cen-
tre for Geosciences, serves as a model, providing open reuse of drilling data gen-
erated by the International Continental Scientific Drilling Program (ICDP) [40].
The Bern Digital Pantheon project (http://www.digitalpantheon.ch/repository)
is another example, offering free access to high-resolution images and visualiza-
tions of the Roman Pantheon.

These four types present the overall landscape of heterogeneous RDRs and are
practically applied to describe RDR services that meet potential user needs.

2.2 Requirements for Research Data Management Services and Tools

From researchers’ perspectives, various barriers currently affect scholars’ will-
ingness to actively share research data. Comprehensive studies by Kuipers and
Van der Hoeven [13], Tenopir et al. [14], and the ODE project [41] demon-
strate that willingness to share data is closely related to supportive research
data infrastructure. Repositories embedded in scholarly workflows, along with
associated incentives, can promote data sharing. In a survey of over 1,300 sci-
entists, Tenopir et al. concluded that “the majority of respondents in almost
all disciplines--would be willing to place at least some of their research data in
a central repository with no restrictions.” However, one barrier is scholars’ lack
of comprehensive knowledge about existing RDRs.

To address this, re3data.org has taken action. Today, obtaining a com-
plete overview of existing RDRs is difficult in most disciplines. Al-
though mechanisms like the Directory of Open Access Repositories
(OpenDOAR) (http://www.opendoar.org) and the Registry of Open Ac-
cess Repositories (ROAR) (http://roar.eprints.org) exist, they contain
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information on only a small portion (less than 5%) of research data
repositories, as these mechanisms focus on repositories for scholarly pub-
lications. In recent years, websites such as the Open Access Directory
(OAD) (http://oad.simmons.edu/oadwiki/Data_ repositories) and DataCite
(http://www.datacite.org/repolist) have begun listing RDRs. However, these
directories and similar services provide only basic information about RDRs and
their services, such as brief descriptions of maintained repositories, disciplines,
and URLs. To overcome the barriers identified in user surveys [13,14,41], it
is necessary to provide researchers, funding agencies, libraries, and publishers
with systematic and user-friendly overviews of RDRs. This means that if
a registry is to deliver substantive information or implement open sharing
under conditions of research data reuse, it must provide more detailed RDR
descriptions than existing directories. Researchers want to know how to store
their data, so they need information about RDR characteristics such as: How
long has this RDR been online? What kind of funding does it receive? Does
this RDR have policies? Who is responsible for its operation? This is essential
information for researchers to trust an RDR.

3. The re3data.org Registry Mechanism for Research Data
Repositories

Researchers are paying increasing attention to the storage and utilization of
RDRs. However, without trustworthy, persistent, and sustainable infrastruc-
ture to support scientists in sharing their research data, the technical and pol-
icy demands of open science [42,43], including open access to publicly funded
research data and results, are doomed to fail. Surveys of RDR operations show
uncertainty about financial support for infrastructure beyond a five-year secure
period [13,44]. Consequently, current research development strategies and long-
term funding plans have many gaps that need active filling.

The European Commission commissioned a study in 2010 that described a vi-
sion for research data management in 2030. From this, we learn that researchers
need to be able to “discover, access, and process the data they need.” Further-
more, when collecting data, researchers will “store their trusted data in reliable
repositories” based on international standards [45]. On the other hand, the
core challenge for the academic system in realizing this vision is addressing the
growth of data sharing and the heterogeneity of RDRs. In response, the registry
mechanism re3data.org (http://re3data.org) was developed and operates a di-
rectory of RDRs. This initiative aims to index and structurally describe RDRs
across all fields based on a registration mechanism. Using information icons to
describe each RDR’ s basic characteristics creates added value by enabling a
rapid and easy-to-use system.

The re3data.org project core members include the Library and Information Ser-
vices (LIS) at the German Research Centre for Geosciences (GFZ), the Berlin
School of Library and Information Science at Humboldt-Universitdt zu Berlin,
and the KIT Library at the Karlsruhe Institute of Technology (KIT). These
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three project partners have long-standing cooperative relationships with the
German Initiative for Networked Information (DINT). DINI funded a research
data policy report published in 2009 [46]. The German Research Foundation
(DFG) funded the first project phase from January 2012 to December 2013.

The project’ s primary goal is to provide guidance on the heterogeneous RDR
landscape for researchers on both the data provider and data user sides, and to
serve research funders and infrastructure maintainers such as data centers and
academic libraries. Furthermore, re3data.org aims to establish a more central-
ized and integrated “ecosystem of data repositories” [47]; the registry mechanism
depicts worldwide RDR development. This global overview can also assist dis-
ciplines where RDRs are not yet well developed.

Initially, the re3data.org list contained only a few RDRs with basic information
such as repository name, maintainer, and subject area. By December 2012, the
project had collected and documented nearly 400 infrastructure facilities for stor-
ing research data. The current Open Access Directory (OAD) list has adopted
this landscape overview. The three re3data.org project partners independently
examined 20 randomly selected RDRs each. The first analysis confirmed an
extremely heterogeneous RDR landscape and formed the basis for creating a
draft RDR description framework. Due to the lack of a suitable framework,
re3data.org developed a new metadata framework for describing RDRs.

In the second phase, this framework was aligned with similar metadata frame-
works, icon elements were adjusted, and basic conditions for RDRs were in-
troduced. The first version of key terms for describing RDRs was published
in a July 2012 document [48]. Comments on the icons were gathered via
email feedback and the project website, ensuring transparency in the develop-
ment of the icon system and gaining participation and acceptance from the
RDR community. Feedback was overwhelmingly positive, with some cases
providing very detailed elaboration. The project received input from reBIND
(http://rebind.bgbm.org), DataCite (http://www.datacite.org), OpenAIREplus
(http://www.openaire.eu), and other sources. The project team analyzed and
discussed all comments and recommended incorporating key terms to guide revi-
sions. The second version of core elements was published in December 2012 [49)].
These icon elements (the icon system) include the following aspects (see Fig-
ure 1 [Figure 1: see original paper]): (1) General information (e.g., brief RDR
description, content types, keywords); (2) Repository community (e.g., respon-
sible institution, content or technical issues); (3) Policies (e.g., RDR policies
including their URLs); (4) Legal issues (licenses for databases and datasets); (5)
Technical standards (e.g., application programming interfaces, dataset version-
ing, RDR software); and (6) Quality standards and services (e.g., certificates,
audit processes).

Due to heterogeneous needs across academic communities and the common lack
of RDR standards, certification conditions and RDR audit procedures have
been examined [50-54], with some conditions found not universally applicable to
RDRs. Therefore, the barrier to entry for RDRs to join the re3data.org registry
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needs to be appropriately lowered. However, for repositories to be indexed in
re3data.org, details about research data access and licensing are indispensable.
If your RDR meets these basic requirements, it can be indexed and reviewed.
The icon set highlights the main characteristics of repositories, as shown in
Figure 2 [Figure 2: see original paper]. This icon system helps users select
appropriate repositories for storing their data. Researchers can clearly see each
RDR’ s access and usage conditions and other features on re3data.org.

The website (http://www.re3data.org/faq) explains the icons and their mean-
ings. These icons motivate RDR operators to register on re3data.org. However,
the icon system is useful not only for researchers but also for RDR maintain-
ers, helping them compare repository strengths and weaknesses. This makes
re3data.org a practical tool that continuously updates and evolves with RDRs.

The simple and straightforward re3data.org search design (see Figure 3 [Figure
3: see original paper]) displays the following for each search result: the RDR
name, subject coverage, icons describing the infrastructure (see Figure 4 [Figure
4: see original paper]), and information on whether it has been reviewed and
approved by re3data.org. Information filtering refines search results using sec-
ondary options such as subject, content type, country, certification, open access,
persistent identifiers, and review status to generate search pages. By clicking
on the repository name, users can browse each RDR portal as shown in Figure
5 [Figure 5: see original paper].

RDR maintainers can suggest their digital infrastructure for inclusion in
re3data.org through a simple application process. The project team lists and
examines submitted repositories. When minimum inclusion criteria are met,
repositories are indexed, meaning they can provide data access and have clear
terms explained on their webpages. In practice, we have considered that overly
compartmentalized RDR website structures would consume indexing time,
and currently only a few RDRs have service policies, designated communities,
and terms of use. Some RDRs require contacting maintainers to obtain
this information. Given the frequency of such cases, we have optimized the
re3data.org workflow and improved feedback channels for RDR maintainers.

With European Commissioner Kroes, responsible for the Digital Agenda
(http://ec.europa.eu/digital-agenda), declaring “we want to open the era of
open science,” openness has become the paradigm of digital science [42]. This
requires developing a permanent information infrastructure that enables scien-
tists to share their research data and allows future generations of researchers
to continue accessing and reusing it.

All re3data.org project partners fund the long-term operation of the registry.
Based on stakeholder feedback, re3data.org will continue developing new func-
tions and services for research data management. A memorandum of under-
standing was signed with DataCite in spring 2012 for this arrangement. As one
of the initiatives for persistent unique identifiers for research data, DataCite is
an outcome of a DFG-funded data publishing project and an alliance member
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of re3data.org [17]. Information exchange between the two groups is extremely
important in this cooperation model. Discussions are currently underway with
related initiatives such as Databib (http://databib.org). To promote the tech-
nical and structural development of the registry, re3data.org and its project
partners will continue to foster tighter integration and larger-scale coherence of
RDRs.

Although re3data.org is still in its early stages, as of July 2013, 400 RDRs have
been indexed in re3data.org, with over 288 reviewed and approved. The next
project phase focuses on improving usability and implementing new features.
Beyond registration development, this project pursues standards and networks
for research data repositories. The project strives to make all registered meta-
data openly available under the Creative Commons CCO license (public domain
dedication). Meanwhile, re3data.org has opened a practical path for open sci-
ence.
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