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Abstract The publication of research data is still not a

widespread practice in many disciplines. The lack of

acceptance of data as scientific output equal to scientific

articles, and the lack of suitable infrastructures for the

storage of data make it difficult to publish and cite data

independently. The global consortium DataCite was

established in 2009 to overcome the challenges of data

citation. The aim of the consortium is to establish easy

access to data, to increase the acceptance of data publica-

tion and to support data archiving. The use of Digital

Object Identifiers (DOI) provides an easy method to access

and re-use research data. The DOI facilitates the citation of

data and therefore increases the availability and acknowl-

edgement of research data.
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Introduction

‘‘To predict the outcome of novel chemical reactions,

extensive information about the results of previous

transformations must become available, notably those

with unexpected and unsuccessful results. Perhaps it

should go without saying that prediction will be

impossible unless the data and information relating to

previous transformations is satisfactorily curated’’ [1].

This excerpt from Bird et al. 2013 summarizes the lack

of information concerning results from research data. The

availability of research data in today’s global science is the

key to more efficient and time-saving local research. Once

data is managed, organized and provided with metadata as

well as published and made citable other researchers gain

the ability to find and re-use this data. Possibly the re-use

of existing research data enables to save time and money,

as costly experiments do not have to be repeated. However,

in many disciplines the access to research data is still not

resolved satisfactorily because of missing local infrastruc-

ture for the storage and provision of (digital) research data.

The possibility of data publication provides several benefits

for researchers. A major benefit is the increase of a

researcher’s reputation within the scientific community,

especially if data publication is recognized as a result of

scientific work in the same way as a research article is

acknowledged in a journal. Even though this is only one

argument why data publication should become more rele-

vant, to achieve a good scientific reputation is still one of

the most significant promoters for a scientific career in

most disciplines. Moreover, a better visibility of research

data can motivate scientists to conduct new research and

avoid data duplication.

In this short paper we explain what a Digital Object

Identifier (DOI) is and how it can be used to refer to

research data. Furthermore we give a short introduction on

DataCite and its services and benefits for research data

citation.

Definitions

The term research data used in this article encompasses

everything that can be the basis of scientific research. Next
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to experimental data files and all kinds of graphic repre-

sentations this includes audiovisual material and other non-

textual material. The OAIS Reference Model defines

research data as ‘‘a reinterpretable representation of infor-

mation in a formalized manner suitable for communication,

interpretation, or processing’’ [2].

In this context research data management or data cura-

tion is defined as ‘‘the active management and appraisal of

data over the lifecycle of scholarly and scientific interest’’

[3] by the Digital Curation Centre (DCC) in the UK [4].

To ensure the ability of referencing research data, the

DOI is often used as one of several persistent identifiers.

The DOI System is managed and administrated by the

International DOI Foundation (IDF) that ‘‘provides a

technical and social infrastructure for the registration and

use of persistent interoperable identifiers for use on digital

networks’’. [5] DOI is a registered trademark of the IDF.

DOI names for research data

If any kind of digital scientific content should be citable,

the content as well as the citation needs to be persistent.

The use of uniform resource locators (URLs) does not

seem to be a good solution because of the numerous times

pages or objects cannot be found anymore (e. g. ‘‘Error

404 - Page not found’’) due to name or server changes.

URLs refer to a specific location in the World Wide Web.

Once this location has changed, the object is lost. By using

persistent identifiers such as DOIs , the problem mentioned

above can be solved as the DOI is a ‘‘digital identifier of an

object’’ [6]. A DOI consists of a unique character string

that identifies an entity in a digital environment—in other

words it identifies the object itself and not the place where

it is located. If the object is moved to another location

(meaning the URL has changed) the only requirement is to

update the URL in the underlying database. This ensures

that the DOI persistently resolves to the location of the

object [7].

The DOI system is based on the Handle System that is

developed and maintained by the Corporation for National

Research Initiatives (CNRI) [8]. The DOI system was

started in 1998 by the IDF and was standardized as ISO

26324 in 2012 [6].

DOI names are traditionally used in publications of

scientific findings. They are used as the core technology to

refer to the electronic version of an article in a journal. The

use of DOI in citations enables cross-linking between

published articles and therefore provides better opportuni-

ties to share and access scientific findings across the

internet [9]. Datasets are usually part of a traditional sci-

entific publication in a scientific article and therefore

cannot be cited independently [10]. As data is becoming

more relevant for re-use and verification of research, the

need for citing data has emerged as well. Research data as a

citable contribution can not only account for one’s scien-

tific reputation but also avoid duplication of research as

well as verify earlier results [11].

Therefore the use of DOI names for datasets enables the

scientific community to move beyond journals and books

and make more scientific and technical content visible,

available and searchable. A sufficient description of data-

sets using standardized metadata enables the correct cita-

tion of this data. The citation of data allows ‘‘to detect,

locate, obtain, and understand the data from prior research

[…]’’ [10] and to re-use data for new research.

Figure 1 displays an example for the publication of

research data that is part of a scientific article. The data can

be downloaded, re-used and cited separately by using the

DataCite DOI.

Especially in the applied sciences where research pro-

gress often depends on the ability to proof experimental

results and their ‘‘experimental reproducibility’’, the col-

lection and the sharing of data is substantial [12].

However, the data sharing process requires an effective

storage, description and organization of the collected data

in order to enable fellow scientists and institutions to

access, understand as well as re-use it [13, 14]. In addition

to a standardized metadata description of research data, the

use of DOI names also premises a stable infrastructure for

data storage. The content has to be stored and made

available persistently by an institution that commits to data

management. In its ‘‘Principles and Guidelines for Access

to Research Data’’ the Organization for Economic Co-

operation and Development (OECD) lists several steps that

should be considered when institutions are starting to deal

with research data management [15]. The steps refer to

legal aspects as well as quality control and sustainability of

research data and include detailed supporting information.

Next to the possibility to store research data in an institu-

tional repository, an increasing number of discipline-spe-

cific data repositories (partly operated by data centers) have

become available in recent years [16]. Additional infor-

mation about these data infrastructures can be found e.g.

via the online platform Databib [17] that lists over 600

different repositories [16] or via the online platform

re3data [18]. Databib was initially developed by Purdue

University in collaboration with Penn State University. It

was funded by the Institute of Museum and Library Ser-

vices (IMLS) in the United States and has been online since

April 2012. Its editorial board identifies, catalogs, and

curates a searchable index of research data repositories.

The re3data - Registry of Research Data Repositories was

developed by the Library and Information Services

department (LIS) of the GFZ German Research Centre for

Geosciences, the Computer and Media Service at the

1036 J Comput Aided Mol Des (2014) 28:1035–1041

123



Humboldt-Universität zu Berlin and the KIT Library at the

Karlsruhe Institute of Technology (KIT). It is indexing data

repositories since 2012 and is funded by the German

Research Foundation DFG from 2012 to 2015 [18].

Recently Databib and re3data—Registry of Research Data

Repositories announced their plan to merge the two pro-

jects into one service. The aim of this junction is to reduce

duplication of the services. The infrastructure will be

managed by DataCite by the end of 2015 [19].

Another recent development is the emerging of ‘‘data

journals’’, which sometimes are ‘‘spin-offs’’ from already

existing journals. These journals allow publication of

research data separately from the scientific article. In

contrast to data that is part of the supplemented material

included in a scientific article, data journals, such as

‘‘Scientific Data’’ launched by the Nature Publishing Group

facilitate the discovery, re-use and citation of research data

also because the citable research data publication is

deposited and shared in accredited research data reposito-

ries [16].

DataCite

The international consortium DataCite was founded in

December 2009 in London as a global not-for-profit

organization. The managing office of DataCite is located at

the German National Library of Science and Technology

(TIB) [20] in Hannover, Germany.

The aim of DataCite is to:

• establish easier access to research data on the Internet,

• increase acceptance of research data as legitimate,

citable contributions to the scholarly record, and

Fig. 1 DataCite DOI 10.4125/

pd0054th for research data

attached to scientific article
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• support data archiving that will permit results to be

verified and re-purposed for future study [21].

The global consortium acts as a global DOI registration

agency for scientific content and is carried by its local

member institutions. DataCite members work in close co-

operation with the data centers responsible for the storage

and accessibility of research data.

Before DataCite became an official DOI Registration

Agency in 2009, TIB has been the world’s first DOI reg-

istration agency for research data since 2005. TIB is the

German National Library for all areas of engineering as

well as architecture, chemistry, information technology,

mathematics and physics and ranks as one of the world’s

largest specialised libraries [22].

Towards the end of 2008 the need for a better avail-

ability of research data and respective publication pro-

cesses increased amongst the scientific community. Thus

several information centers and libraries decided to estab-

lish a global DOI registration agency for scientific content.

This new registration agency was meant to extend ‘‘the

DOI model of TIB to a model of local agencies’’ following

the approach of the publishers that use the central DOI

registration infrastructure of CrossRef [23]. In March 2009,

the institutions (among them TIB, British Library, Tech-

nical Information Center of Denmark, TU Delft, Canada

Institute for Scientific and Technical Information (CISTI),

California Digital Library and Purdue University) inter-

ested in the establishment of a global DOI registration

agency signed a Memorandum of Understanding during the

meeting of the International Council for Scientific and

Technical Information (ICSTI) in Paris for the constitution

of a partnership [23].

After the DataCite consortium was established in Lon-

don with seven members, the association became an offi-

cial member of the IDF and replaced TIB in its role of a

DOI registration agency. Up to now, DataCite works

together with 22 members and nine affiliated members. The

members have registered over 3.3 million DOI names for

datasets, gray literature and other non-textual materials.

DataCite’s definition of ‘‘dataset’’ is everything that can

motivate new research. Therefore in this context ‘‘dataset’’

can be research data, images, videos, software etc. The

assignment of DOI names to gray literature comes from the

fact, that this literature is not part of the traditional schol-

arly workflow. However some disciplines consider even

‘‘text’’ as ‘‘data’’. Hence, the mapping of any of these

objects to DataCite’s metadata field ‘‘resource type’’ is not

as simple as it might seem. Apart form the fact that this is

not a mandatory metadata field, the above mentioned is one

of the reasons why many objects do not have defined the

resource type. Therefore, the majority of the registered

numbers of DOI names are assigned to research data and

other non-textual materials. The annual growth of DOI

names registered by DataCite has increased approximately

from 83,000 to 700,000 per year in the past 5 years. In the

time between 2009 and 2014, the technical infrastructure

for the registration of DOI names as well as several addi-

tional services were established and expanded. The core

element of the service infrastructure consists of the Data-

Cite Metadata Store (MDS) [24] which archives the

metadata of all registered objects in a database. To register

an object, the metadata (in Extensible Markup Language

(XML) format) must be uploaded (via browser interface or

application programming interface (API)) to the MDS

using the DataCite Metadata Schema [25]. The schema

contains five mandatory fields, seven recommended and six

optional fields. To enhance the prospects that metadata and

therefore datasets will be found, cited and linked to original

research, the provision of recommended metadata fields

next to the mandatory set of properties is strongly advised

by DataCite [26].

In addition to the MDS, DataCite provides a search tool

(DataCite Search [27]) which indexes metadata from MDS

and contains metadata for DOI names that were registered

through DataCite.

Figure 2 illustrates the indexed metadata for DOI 10.

4125/PD0054TH in DataCite and the link to the corre-

sponding landing page of the dataset.

All indexed metadata are made available through Da-

taCite’s Open Archives Initiative Protocol for Metadata

Harvesting (OAI-PMH) service [28] which provides an

API for metadata harvesting.

Furthermore, DataCite offers a detailed statistic portal

[29], where stats and numbers of registered and resolved

DOI names are displayed. In co-operation with CrossRef, a

content negotiation service was also established. The

content negotiation service [30] enables the user to per-

sistently resolve all DOI names directly to their metadata in

XML or RDF format [31]. Another implemented tool from

this co-operation is the Citation formatter [32] which pro-

vides the citation of DataCite and CrossRef DOI names in

various formatting styles.

The services and tools provided by DataCite described

above aim to improve the scholarly infrastructure around

data and other non-textual information. To emphasize this

goal, in 2012 ‘‘DataCite and the International Association

of Scientific, Technical and Medical Publishers (STM

association [33] ) signed a joined statement to encourage

publishers and data centers to link articles and underlying

data’’ [10]. Furthermore in 2012 Thomson Reuters started

to build up their Data Citation Index that provides infor-

mation about research data from various research data

repositories [34]. One of the issues the Data Citation index

is concerned with is the measurement of data citation. By

indexing research data from data repositories the influence
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of data publication is measured through the times cited

[35]. DataCite and Thomson Reuters are in negotiation for

the integration of quality research data from various

accredited data repositories into the Data Citation index

that are assigned with DataCite DOI names. This enables

users to track the citation impact of research data assigned

with DataCite DOI names.

In the next section we introduce the current DataCite

members and affiliated members and refer to their

respective duties and rights within the global consortium.

DataCite members

DataCite started with seven founding members in 2009. By

2014, the consortium consists of 22 members in 16 coun-

tries. This emphasizes the need of local representatives

working together with a globally organized framework

such as DataCite.

In Germany, four DataCite members are located: the

German National Library of Science and Technology

(TIB), the Leibniz Information Centre for Life Sciences

(ZB MED), the Leibniz Information Centre for Economics

(ZBW) and the Leibniz Institute for the Social Sciences

(GESIS). These institutes are working mostly with disci-

pline-specific data centers within the scope of their scien-

tific area. Other European members include: The Library of

the ETH Zürich in Switzerland, the Library of TU Delft,

from the Netherlands, the Institut de l’Information Scien-

tifique et Technique (INIST) from France, the Technical

Information Center of Denmark, the British Library, the

Swedish National Data Service (SND), the Conferenza dei

Rettori delle Università Italiane (CRUI) from Italy, the

Library and Information Centre of the Hungarian Academy

of Sciences (MTA KIK), and the University of Tartu from

Estonia. The representatives of North America are the

California Digital Library, the Office of Scientific and

Technical Information (OSTI), the Purdue University and

the Canada Institute for Scientific and Technical Informa-

tion (CISTI). DataCite members from Australia and Asia

are the Australian National Data Service (ANDS), the

National Research Council of Thailand (NRCT), and the

Japan Link Center (JaLC) respectively. DataCite member

from Africa is the South African Environmental Observa-

tion Network (SAEON) and last but not least the European

Organisation for Nuclear Research (CERN) is an interna-

tional member of DataCite.

The DataCite membership is open to all non-profit

organizations who wish use the Registration Agency of

DataCite for the allocation of DOI names for research data.

Every member should be working with data centers for

issuing DOI names. A member is allowed to take part in

the working groups, has full voting rights on all decisions,

and can register unlimited DOI names for themselves and

their clients [36].

Next to the full members there are nine affiliated

members. Affiliated members have an advisory function,

are allowed to take part in the working groups and to attend

the general assembly. Furthermore, affiliated members are

interested in co-operation with DataCite on a superior

level. In contrast to full members, associated members

have restricted voting rights and do not act as allocators for

DOI names with DataCite [36]. The affiliated members are:

The Beijing Genomics Institute (BGI) in China, the

Fig. 2 DataCite Search Content Service for DOI: 10.4125/PD0054TH
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Gesellschaft für wissenschaftliche Datenverarbeitung mbH

Göttingen (GWDG) in Germany, the internationally oper-

ating ICSU World Data System (ICSU-WDS), the Korea

Institute of Science and Technology Information (KISTI)

in the Republic of Korea, the Digital Curation Center

(DCC) in the United Kingdom, the Interuniversity Con-

sortium for Political and Social Research (ICPSR),

Microsoft Research, Harvard University Library and the

Institute of Electrical and Electronics Engineers (IEEE) as

the affiliated representatives of North America.

Conclusion

To ensure a maximum transparency and re-usability of

data, a researcher first of all needs to decide what kind of

research data should be shared with the scientific com-

munity. After that, questions about storage, organization,

metadata description and citability have to be answered

properly to guarantee re-use and citation of the shared data.

In this second step, scientific institutions, data centers,

libraries and further infrastructures such as DataCite assist

in the publication process of research data. The assignment

of DOI names for publicly available data sets is carried out

by local institutions as a service for a local scientific

community. Therefore if researchers want to share and

publicize data using the DOI system, they should get in

touch with their local institution or with a discipline-spe-

cific data repository that assigns DOI names for (open)

research data.
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