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ABSTRACT 
Data is indexed in the Web of ScienceTM through the inclusion of 
data journal content in Web of Science journal databases and data 
repository content in the Data Citation IndexSM. Here we detail 
new developments in data journal selection and inclusion, as well 
as recommended practices for research authors, data providers, 
journal publishers, and funding organizations, to improve citation 
and attribution for deposited scholarly research data.  
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1. INTRODUCTION 
The publication of an author’s work in a scholarly journal has 
long been seen as a primary mechanism for sharing scientific and 
scholarly discoveries [1]. Yet in recent years there have emerged 
increasing efforts to improve sharing of the data which underpins 
research conclusions. This comes in response to issues of 
reproducibility and reuse of research results, as well as the proper 
presentation of credit to research authors, where data is created 
outside of the traditional publication system [2,3]. With the 
advent of ever more powerful computing systems for analyzing 
and storing data, and with an eye to future preservation, 
increasing amounts of research data are today deposited and 
housed in discipline-specific and/or multidisciplinary data 
repositories dedicated to the wealth of worldwide scholarly 
information [4]. At the same time, a new form of publication, the 
data journal, is developing as a bridge between traditional journal 
publication and data set submission [5].  
The research community has identified stakeholder groups with a 
role to play in the research data landscape, including research 
authors, publishers, funders, scholarly societies, and universities 
[6]. These entities require a means to gather metric information on 
these forms of scholarly publication, with citations viewed as a 
primary measure of impact [7]. While citations and indexing of 
data papers in data journals may follow a more traditional form, 
data objects published to online data repositories present new 
challenges with respect to accurate citation and attribution. These 
include unique identification, persistence, and the establishment 
of technology, policy, and reward infrastructures [8].  
In recognition of the importance of data citation as a part of the 
evolving research data ecosystem, Thomson Reuters seeks to 
address this emerging area by indexing data journals as well as 
data repositories in the Web of Science, a research platform for 
finding, analyzing and sharing curated content in the sciences, 
social sciences, arts, and humanities. Review of data journal 

content for inclusion in the Web of Science follows established 
evaluation criteria, with particular attention to the significant 
details which distinguish this new form of publication. In 
evaluating data repository content for inclusion, the Data Citation 
Index looks to build a solid foundation for data citation and 
improved metrics for the extended scholarly portfolio by selecting 
those resources which display the greatest commitment to future 
persistence, citability, discoverability, and reuse. The Data 
Citation Index now includes a growing selection of over 300 data 
sources, with over 5 million data objects indexed to date; data 
repository selection criteria for the resource may be found on the 
Thomson Reuters website [9].  
These new developments necessitate contributions from 
stakeholders at each step in the data lifecycle. In the following 
sections, we present practices in the promotion of data citation 
and the dissemination of accurate bibliometric information for 
data. Section 2 details recommended practices for creators of data 
objects and metadata contributors, and in Section 3 we discuss 
data publisher responsibilities. Section 4 provides guidelines for 
literature publishers and funders, and Section 5 an overview of 
data journal coverage in the Web of Science.  

2. DATA AUTHORS 
Recent requirements for research authors to make data and 
research results publicly available may be unspecific with respect 
to data deposition [10]. As a recent survey by Wiley, the 
publisher, has shown, many researchers throughout the world still 
do not share their research, for a variety of reasons including lack 
of credit and concerns about confidentiality and misuse [11]. Yet 
even for those researchers who report sharing data, their methods 
of doing so may vary dramatically. Privacy issues may prevent 
certain data objects, such as patient data, from being openly 
available [12]. The data sharing practices that researchers adopt 
affect long-term data availability and reproducibility of results, as 
well as the accurate citation necessary for authors to receive credit 
for their work [13].  

2.1 Data Product Equality and Data Citation 
Practices  
It is a helpful first step for research authors to regard data 
products equally with other citable research output. Concurrent 
with the consideration of data objects as primary records of 
research, such as journal articles, is the careful practice of formal 
data citation in data and publications, including the citation of 
dataset permanent identifiers. These recommendations are in 
keeping with the FORCE 11 joint declaration of data citation 
principles, which has been endorsed by Thomson Reuters [14]. 
Additionally, newly created data objects should include citations 
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to the code, data, and parent literature publications which lead to 
their creation [15]. Recommended data citation formats vary, 
often due to the particular requirements of a specific academic 
discipline; in order to promote the increased practice of data 
citation by researchers, each record in the Data Citation Index 
includes a recommended formal data citation, employing the 
format proposed by  DataCite  [16].   
 

2.2 Data Deposition 
Research data should be deposited in an established data 
repository committed to long term data preservation and the use of 
permanent identifiers for data. Depending on their area of study, 
authors may have a choice with respect to where they deposit 
data; there may be a number of discipline-specific data 
repositories available which provide guidelines for data 
submission, as well as institutional repositories governed by the 
affiliated universities of the submitting authors. If the data are 
deposited in conjunction with the submission of a journal article, 
the journal or publisher may recommend or even require data 
submission to a particular repository. In cases where none of these 
options apply, data may be submitted to a multidisciplinary 
repository, several of which have been established to fill the need 
for long-term curation of so-called ‘orphan’ data sets [17]. 
Thomson Reuters offers a searchable cross-disciplinary list of data 
repositories selected for coverage by the Data Citation Index [18].  

 

2.3 Metadata Contribution 
At the point of data submission, it is recommended that research 
authors consider issues related to the future citation and discovery 
of the data. Providing the metadata elements necessary for a 
complete data citation is essential for proper attribution as well as 
future metrics for data objects and software [19]. A general 
consensus recommends certain minimum bibliographic elements 
for a data citation [20].  Thomson Reuters defines these 
components as follows: 
 

• Author/Creator: Individuals or organizations that 
created or contributed to the data set; this metadata 
element guarantees attribution and credit for data 
authors, and helps to provide metrics for their non-
traditional scholarly output 

• Year: The year of ‘publication’ of the data; when it was 
made publicly available, such as through deposition in 
an appropriate repository 

• Title: The title of the data object, which may differ from 
the title of the parent research paper/project 

• Publisher: The data repository which houses the data 
and/or the governing organization responsible for 
publishing the data  (making them available) 

• Version: Dynamic data sets or those where new editions 
may be issued (such as with error corrections or new 
values) must employ proper version control to guarantee 
accuracy and uniqueness in data citation 

• Permanent Identifier: An identifier should be assigned 
which is unique and persistent; for example, a Digital 
Object Identifier (DOI); in Data Citation Index 
citations, this bibliographic element may take the form 
of a unique URL, databank accession number, or other 
permanent identifier such as Handle (hdl) [21] 

 
Certain conventions for data object attribution may exist within a 
discipline, whereas other disciplines may differ with respect to 
appropriate credit for various data production or management 
roles [22].  

Additionally, further metadata may be contributed to advance 
discovery; creation of enhanced metadata increases the possibility 
of data discovery through searches in the Web of Science. Data 
descriptions/abstracts, while not strictly required for citation 
purposes, provide important context as to the relevance and scope 
of the data or software object in question. Metadata elements such 
as keywords and discipline-specific indexing terms provide 
content details, while information related to data type, 
representation, methodology and licensing provide avenues for 
researchers to re-use data and software [8]. Author affiliations, as 
well as grant and funding agency information, provide for a more 
detailed assessment of departmental, institutional, and individual 
researcher output. 

3. DATA PUBLISHERS 
Due to their unique role in the data lifecycle, a different set of 
requisites apply to data publishers including discipline-specific, 
cross-disciplinary, and library and university affiliated data 
repositories. These organizations have a mandate to preserve 
research data for the long term, as well as make the data 
accessible to the scientists and scholars who need this information 
for further research [19]. The recommendations listed here 
encourage the establishment of citable, unique, and accessible 
data for researchers as well as indexing services such as the Data 
Citation Index. Thomson Reuters evaluates resources for coverage 
using criteria such as those listed below; however, other factors 
such as evidence of long-term persistence and mentions of the 
resource in the literature also contribute to the decision to select a 
repository for inclusion.  

3.1 Permanent Identifiers and Metadata 
Curation 
Research authors generally cannot provide all required metadata 
elements for a complete data citation. In particular, permanent 
identifiers applied by the data center or publisher are likely more 
unique, as well as a better guarantee of precise identification and 
citation [23]. Those required citation elements that a data 
repository or publisher cannot provide should be gathered from 
authors upon data object submission, with metadata curated by the 
repository for accuracy. Validation checks for completeness and 
consistency with established metadata requirements help to ensure 
clear attribution for data objects [24]. 

3.2 Landing Pages and Versioning 
There should be a mechanism in place by which data submitted by 
research authors to a data repository may be retrieved by outside 
researchers and machines. The clearest means to accomplish this 
is for data providers to provide unique descriptive landing pages 
for data objects, where the unique URIs (such as DOIs) provided 
in the metadata resolve or link to landing pages where the steps 
required for data access are detailed [24]. Additionally, accurate 
reproduction of results requires identification of the precise data 
set used [6]. This is particularly true in cases where the data set in 
question is in a constant state of change due to continuous 
scientific readings, or where a database is regularly updated with 
new information. This may be achieved through attention to 
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versioning for the data or software, or through providing 
information as to the date on which the object was accessed or 
utilized. A dedicated working group at the Research Data Alliance 
has recently released recommendations for persistent 
identification of evolving data, including time stamps, versioning, 
and query storage [25]. By maintaining detailed update 
information, new versions of data objects may be identified, while 
noting the importance of clarity in the distinction between version 
of the data and metadata.    

3.3 Metadata Harvesting and Data Resource 
Types 
Indexing is made simpler where the database provides a metadata 
harvesting facility at a programmatic access point, such as the 
Open Archive Initiative’s Protocol for Metadata Harvesting (OAI-
PMH) [26]. Where the repository maintains detailed information 
regarding new, updated, and deleted records, the content as 
reflected by indexing services will remain accurate when updates 
are performed. For repositories which hold multiple types of 
media,- such as software, data sets, journal publications and 
theses,- indicating the type of resource, whether in the metadata or 
at the metadata access point, assists indexing services in 
identifying and filtering various types of material from other 
scholarly output. This is particularly important for repositories 
dedicated to preserving the output of an academic institution, as 
these may primarily hold published literature. 

3.4 Mission Statement and Stewardship 
Researchers, publishers, funders, and other entities should be fully 
informed when depositing data or recommending a repository for 
deposition. This is assisted by a well-documented repository 
mission, including long-term plans for data retention and funding, 
as well as a contingency plan for loss of funding or technical 
failures. Community guidelines for data publishers to address data 
reuse issues through improved machine and human accessibility 
are currently in development [27].  The repository may also wish 
to document their policies for inclusion, so that researchers may 
be aware of the standards employed for data acceptance, as well as 
which formats of data are appropriate for submission. Resources 
including ISO standards for certification of trustworthy 
repositories [28] and open archival information systems [29] are 
available to provide guidance in identifying a resource for data 
curation and future stewardship, while a Data Seal of Approval-
World Data System working group has developed a draft 
Catalogue of Common Requirements for repository audit and 
certification [30].  

4. LITERATURE PUBLISHERS AND 
FUNDING ORGANIZATIONS 
The drive to share research data is increasing in response to open 
access mandates from funding organizations throughout the world 
[31]. These still-developing requirements often vary between 
funders, as do requirements for data deposition from journals and 
publishers [32,33]. Collaboration between journals, publishers, 
funding organizations, and data repositories on data submission 
and citation standards is necessary to resolve outstanding issues 
related to technology and policy, including the resolution of 
different types of permanent identifier and duplicate coverage of 
data objects [34]. 

4.1 Guideline Development 
Literature publishers, journals, and funders are developing 
guidelines for data deposition, which may include recommended 
repositories for data submission, as well as openness and 
availability of data [35]. Stakeholders are encouraged to define 
specific data publishing guidelines which make journal priorities 
clear for authors, as well as to evaluate recommended repositories 
for their potential for long-term preservation and onward data 
citation. Scholarly societies are encouraged to contribute to the 
dissemination of proposed standards, both in associated published 
journals as well as with their constituent member researchers. 

4.2 Citation Policies and Metadata Criteria 
Formal data citation practices are encouraged as journals and 
publishers increasingly devise policies which require the practice 
from submitting authors [15]. Many of these publisher guidelines 
currently do not specify a location within the paper for data 
citations, such as the reference section [36]. Author guidelines 
should detail preferred data citation formats and metadata 
requirements as selected by the publisher or journal and 
necessitated by the data requirements of discipline. Those funding 
organizations which require data sharing as a condition of grant 
awards may enforce those requirements by developing checks to 
assess compliance, with possible consequences for those 
researchers whose data remain inaccessible. 

5. DATA JOURNALS 
 Data journal articles associated with deposited data may also be 
indexed in the Web of Science. The Web of Science defines data 
journals as consisting primarily of articles describing data (data 
papers), which include a citation or link to the data; the data set 
may also be included within the article. These articles may contain 
details on the methods used to collect the data, or remarks 
supporting the quality of the measurements described. However, 
some traditional evaluation criteria do not apply to these journals, 
as these articles may lack such elements as the introduction of 
scientific hypotheses, new insights, analysis, and conclusions 
about the material. While some data journals feature a dedicated 
underlying archive for deposition of data objects, others may have 
no governance of associated data repositories, and therefore no 
control over long-term data preservation. The practice of peer 
review of data is an indicator of quality, yet disciplinary-specific 
challenges remain with regard to the details of assessment [37]. 
While Web of Science editors are aware of the differences 
between a traditional research article and  the more recent 
document type developing as data paper, evaluation and coverage 
of these articles will for now be the same as for any other article 
type or journal. As this is a relatively new phenomenon, the 
content team will continue to monitor developments and collect 
data on aspects such as impact, citation behavior, and other 
possible metrics over a period of time, in order to decide if and 
how this publication model may need special treatment. 

6. SUMMARY 
Access to the data which underlies scientific and scholarly 
research is key to both reproducibility of results as well as further 
discoveries based upon previous observations. Publication of data 
in a dedicated repository, as well as publication of articles about 
the data in traditional and data-specific journals, creates a means 
by which credit may be conferred upon data product authors.The 
Web of Science is including data journal as well as data repository 
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content with the aim of comprehensive coverage of research data 
resources. In this emerging landscape, a standardized set of best 
practices continues to be developed, necessitating careful 
attention and collaboration between academic, governmental, 
public, and private stakeholders. This concerted approach will 
ensure clarity, accuracy, and efficiency in future data publication 
and indexing.  
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