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6 Data Publication/Data Citation 
 

Going back to the cultural issues initially addressed in section 2, there is limited academic 
recognition and promotion for collection and publication of data. In the past, there was little 
incentive for a researcher to make data available. Publication of raw data does not carry the same 
weight in deciding promotion as papers that include scientific analyses of the data. Promotion 
criteria do not take into account the innovation and complexity of data acquisition in the ocean’s 
challenging environments. Many times, data were needed to prepare a peer reviewed research paper, 
which was essential to further a research career (“publish or perish”), but there was no benefit to 
making data supporting the publication accessible. The effort to produce data was not highly rated, 
yet data are the basis of progress in science and research.  Sharing data encourages multiple 
perspectives, helps to identify errors, discourages fraud, is useful for training new researchers, and 
increases efficient use of funding and population resources by avoiding duplicate data collection 
(Piwowar 2011).  

 
Can data publication and data citation offer a solution to some of the human motivation issues 
discussed in this paper?  If so, how would it best be implemented, addressing both questions of  
“how to publish data under the open access model and how to motivate data collectors and 
creators?”  (Penev 2009).   Within the informatics community an interesting question has been 
raised—should we be using the metaphor “data publication.” It is argued “that there is no widely 
understood and accepted definition of what exactly Data Publication means.” It was equally clear 
that “publication” carries many differing implicit assumptions that may not be true (Parsons and Fox 
2013). The conclusion was that no one metaphor suits all systems or methods. The term is often used 
interchangeably with data sharing, but data publishing implies something more. It is a way of using 
best practices and standards to make sure that data really can be discovered and reused effectively, 
and that data owners and custodians get the recognition for making datasets public’ (GBIF 2014).  In 
this paper, we define Data Publication as making data freely accessible [or at marginal cost] and 
permanently available on the Internet along with information as to its trustworthiness, reliability, 
format and content to enable discovery and re-use. Data Publication can take a number of forms 
including: Standalone Data Publication; Data Publication by Proxy; Appendix Data; Journal Driven 
Data Archival; and Overlay Publication (Lawrence et al 2011).   
 
6.1 From Fieldwork to Citation 
 

There are established and/or emerging workflows for selected disciplines that enable the 
publishing of data and credit via citation mechanisms. However, in many disciplines, researchers 
are simply not aware of such workflows (WDS 2014) or have the data management support or 
appropriate training. 

In order to motivate research scientists to engage in Open Data models, there must be a clear 
understanding of the benefits of participation. Such understanding should be based on the end-to-
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end flow of information from fieldwork to citation. As shown in Figure 1, key elements of the flow 
are identified and should be primary areas for collaboration and improvement in the emerging 
transition to Open Data. 

 

 
 

Figure 1. End-to-end flow of data and information going from collection to publishing of data. 
(Gwenaelle Moncoiffe, 2011).  

 
 
There has been much discussion in the community on incentives for researchers to publish their 

data: data repositories, citation increase, DOIs, Funding Agency mandate compliance, kudos and 
recognition for the data creator et cetera  (Costello 2009, 2013), (Piwowar, 2011, 2013) (Sayogo and 
Pardo 2012), (Sears 2011), (Tenopir et al 2011).  Yet,  “despite policies and calls for scientists to 
make data available, this is not happening for most environmental- and biodiversity-related data 
because scientists' concerns about these efforts have not been answered and initiatives to motivate 
scientists to comply have been inadequate” (Costello 2009).   Survey results from Cragin et al. 2010 
indicate the many and varied concerns of researchers including their perceptions of private sharing 
versus public sharing and real issues with misuse of data.  Positive responses to these concerns will 
go some way to providing incentives to facilitate open data.   

The discussion reflects that data collected by scientists and data managers, whether generated 
from research or operational observations, are not always deposited in national or international data 
repositories/archives or deposited in a format that makes them retrievable and reusable. Scientists 
rarely have the skills or resources needed to prepare all their data for public sharing (RIN 2008). 
Even when submitted, the data often lack a bare minimum of metadata. The problem is in part 
cultural.  

 As research careers are heavily dependent upon journal publications and related citations, 
researchers wish to hold on to “their” data as long as possible to generate more research papers. In 
addition, the portability of computing power (researchers can easily store years of data on their 
laptop) and researchers frequent lack of the most basic data management and preservation practices, 
makes data unavailable and constantly at risk of being lost. Added to this are the restrictions 
imposed by the institution or government concerning sensitive data that reduce the “open and free” 
exchange and access to data (see section on Data Access Models). Below we highlight early project 
work for data publication: within Institutional/Thematic Repositories and Data Centres, specifically 
implemented to assist data publication within the ocean science community. 

 
Data publication by deposit into institutional data repositories (IRs) may ensure provenance, 

permanence, attribution and metadata; at present IRs do not guarantee the scientific quality of 
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published data which requires domain experts more likely found in domain focused data centres.  
Organizations such as the MBLWHOI Library (MBLWHOI Library 2014) serving the Woods Hole 
scientific community and supporting the Biological and Chemical Oceanography Data Management 
Office (BCO-DMO) (see Use Case 2); Lamont’s Integrated Earth Data Applications (IEDA 2014) 
and Scripps’ Geological Data Center for geology which includes oceanography (GDC 2014), are 
among ‘early players’ participating in World Data System/Research Data Alliance groups (WDS 
2014) that are developing standards to be used across all disciplines.  Repositories and services 
established specifically for data publication/sharing and preservation are under development 
including: Living Atlas of the World (Environmental Systems Research Institute 2014); Planet OS 
(Planet OS 2014); (UKDS Re-Share 2014). The Ocean Observatories Initiative (OOI 2014) confirms 
it intends to maintain access to data collected over the 25-30 year life of the observatory. 

 
In the research community, peer review is the accepted process for evaluating the quality of 

scientific work. Acceptance of a community-agreed peer review procedure for data publication 
approaching those expected for paper publications is not currently available, yet it is essential, to 
support reliable and trustworthy data publication and to offer data creators the kudos for promotion.  

Emerging open access data journals that publish papers on the management of data and articles 
on original research data (sets) are now offering peer review including data e.g. Biodiversity Data 
Journal and other Pensoft journals (BDJ 2014), Data Science Journal from CODATA (CODATA 
2009), Earth System Science Data (Copernicus Publications 2014), F1000Research (2014), 
Geoscience Data Journal (Wiley 2014), Scientific Data (Nature Publishing Group 2014) and the new 
AGU Earth and Space Science journal (ESS 2014).  

A need for a comprehensive peer review of data publication was stated in Parsons et al, (2010) 
and the first steps for a formal data peer review were given in 2011 by Lawrence et al (Dusterhus 
2014). A new statistical scheme for quality evaluation by domain experts is also described by 
Dusterhus including discussion not only on the quality of data but also the quality of the metadata to 
provide optimal description for discovery and reuse and interestingly, the quality and availability of 
the reviewers.   Blog comments from the 9th International Digital Curation Conference, Feb 2014 
Breakout Session, evidences that the discussion on data validation (and peer review) still abounds 
with ideas and is ongoing (Kratz, 2014). Data peer review for Ocean Science is in the same place as 
other disciplines – there is ‘processing’ and quality control at the data centres, but not traditional 
external peer review. 
 
The advent of Funding Agency mandates for Open Data, such as the requirement in the National 
Science Foundation Data Management Plan (NSF 2010) and the European Commission’s recent 
recommendation for open access to scientific publications and data within Horizon 2020 (EU 2013) 
and Research Councils UK (2014) is expected to stimulate authors to make data available.  Data 
repositories and data journals providing citation metrics will offer evidence of compliance and 
multiple venues for data publication.. In addition to standard search engines, secondary services 
like the Thomson Reuters Data Citation Index (Thomson Reuters 2014), will facilitate discovery, 
use and attribution of datasets and data studies by connecting researchers and data repositories 
around the world. 
 
A successful early example of motivating data publication is the cooperative work of four 
organizations: The Marine Biological Laboratory/Woods Hole Oceanographic Institution 
(MBLWHOI) Library; the Scientific Committee on Oceanic Research (SCOR); the British 
Oceanographic Data Centre (BODC); and the International Oceanographic Data and Information 
Exchange (IODE) of the Intergovernmental Oceanographic Commission (IOC). These 
organizations have developed and executed a pilot project (SCOR-MBLWHOI-IODE 2014) related 
to two Use Cases:  
 
1.    Data held by data centres are packaged and served in formats that can be cited. 
2.    Data related to traditional journal articles are assigned persistent identifiers referred to in the  
       articles and stored in institutional repositories; 
 
The goal of the Use Cases has been to identify best practices such as Open Access Initiative (OAI) 
standards for web content; metadata—Dublin Core, Darwin Core; vocabularies and the ability to 
add other standards for tracking data provenance and clearly attributing credit to data 
creators/providers so that researchers will make their data accessible. The assignment of persistent 
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identifiers, specifically Digital Object Identifiers (DOI 2014), enables accurate data citation. The 
project is also investigating Uniform Resource Identifiers (W3C 2001) and NameIDs. The two 
project data repositories are meant to be complementary to national and international (e.g., IODE, 
NODCs, ICSU World Data System) and thematic data centres, rather than a replacement. A 
“cookbook” has been published (Leadbetter et al 2013) that provides extensive instructions and 
guidelines to scientists as well as the data publication process to repository managers. It identifies 
that some form of infrastructure and process must be created to motivate and support data 
publication.  
 
6.2 Use Cases 
 
Two uses cases were developed as exemplars in ocean science for the discussion of data publication 
and review. The first is the the BODC Published Data Library (PDL) (BODC 2014) and the second 
is the work of MBLWHOI Library Woods Hole Open Access Server (WHOAS).  Both WHOAS 
and PDL are indexed by Thomson Reuters Data Citation index, enabling researchers to gain metrics 
for their data publication.  For the purposes of this paper only the MBLWHOI project is described 
in detail.  Other similar repository models for data publication include Dryad (Dryad 2014) and 
Pangaea.(Pangaea 2014).  The sharing of repository records through harvesting also provides 
greater exposure for data exchange.  
 
 
6.2.1 Use Case 1 
 
The Published Data Library is implemented by the British Oceanographic Data Centre (BODC 
2014). It provides snapshots of specially chosen datasets that are archived using rigorous version 
management. The publication process exposes a fixed copy of an object and then manages that 
copy in such a way that it may be referred to over an indefinite period of time. Using metadata 
standards adopted across NERCs Environmental Data Centres (NERC 2014), the repository assigns 
DOIs, obtained from the British Library/DataCite, to appropriate datasets.  
 
6.2.2 Use Case 2 
 
The MBLWHOI Library has successfully assigned DOIs to a number of datasets associated with 
published articles. In the ideal scenario, the DOI(s) should be assigned to the dataset(s) before the 
article is published, but within the framework of the project there is the ability to retroactively link 
data to articles after publication. The system has been in operation for over three years, and there is 
growing interest in the work . Author reaction has been very positive. “This was much easier than 
trying to deposit data with a publisher”; “The data will be in an open access environment, not 
owned by publishers”; “Great to know that if my data on my hard disks gets lost at least I have the 
library copy”. It is interesting to note the bias against publishers, something which should be 
addressed as a broad spectrum solution for sustainability evolves. 
Scientists are now becoming aware that DOIs offer the means to easily cite their datasets and gain 
important citation metrics. Librarians have been using DOIs for years and they are now becoming 
the de facto standard for data citation within data repositories and institutional repositories 
(commonly universities) and are being facilitated in such services as NASA’s  EOSDIS (NASA 
2014), Pangaea , Dryad, et cetera. Many current data projects register their DOIs with Datacite  
(Datacite 2014), an organization that is working to develop standards to foster data access and 
reuse. The MBLWHOI Library registers DOIs with CrossRef (PILA 2013). The Library began 
assigning DOIs before DataCite existed and many of the major publishers use CrossRef, but there 
are a number of DOI Registry Agents.. 

Publishers are now acknowledging the importance of datasets supporting and within published 
articles. Nature Publishing developed a platform in 2012 and in 2013 PLoS announced a new data 
sharing policy (Silva 2014). Supporting data made available in a data repository provides publishers 
with a safe and easy means of linking the dataset to the published article without them having to 
publish an annex, deal with data on DVDs, or setting up their own data repository.  

Many publishers have identified a specific repository for this purpose (in the medical sciences, 
publishers use PubMed and in fact are required to do so by such Funding Agencies as the National 
Institutes of Health and the Wellcome Trust.  In ocean science, funding agencies like the UK 
Natural Environment Agency (NERC) require all data created through their grants to be deposited 
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in the British Oceanographic Data Centre but at present there is no one repository designated by 
publishers for ocean data.    Many publishers do not yet have an identifiable policy dealing with 
supporting datasets (JoRD 2013), though this is now changing with publishers forging new 
partnerships to store supplemental data; for example, Taylor and Francis Journals (and others) are 
now using figshare (figshare 2014) who will host the supplemental data as well as provide a widget 
that will enable Taylor and Francis users to view data in the articles in the browser alongside the 
content (Research Information 2014). 

Because of the assignment of DOIs, Elsevier Publishing sought a collaboration with the 
MBLWHOI Library. Article records in ScienceDirect (ScienceDirect 2014)  now contain links to 
datasets deposited in the Woods Hole Open Access Server (WHOAS 2014) that are associated with 
Elsevier articles. This system works for DOIs assigned before and after article publication and a 
WHOAS statement covers copyright, “All Items in WHOAS are protected by original copyright, 
with all rights reserved, unless otherwise indicated.” In addition some depositors request a specific 
Creative Commons License (Creative Commons 2014). The WHOAS system of linking data to the 
articles in ScienceDirect was implemented in May 2012. 

Another outcome of the project includes tools and procedures developed by the MBLWHOI 
Library and the NSF funded Biological and Chemical Oceanography Data Management Office 
(BCO-DMO 2014) to automate the ingestion of data and related metadata from BCO-DMO into the 
WHOAS Institutional Repository (IR). WHOAS is built on the DSpace platform (DuraSpace 2014). 
The system also incorporates functionality for BCO-DMO to request a Digital Object Identifier 
(DOI) from the Library. This partnership allows the Library to work with a trusted data repository 
to ensure high quality data while the data repository uses library services and is assured that a 
permanent archived copy of the data is associated with the persistent DOI. Feedback from BCO-
DMO is very positive. The Data Manager reports that the most sought after functionality is the DOI 
and the ability to cite the data.  This use case has demonstrated that data can be successfully 
deposited into a library institutional repository and that the assignment of DOIs is an effective way 
to enable data citation. 

The Library is also participating in an NSF Grant that will result in WHOAS content being 
published as Linked Open Data which wll expose relationships between DSpace repository content 
and other data sources. Linked Open Data enables knowledge discovery, sharing and integration. 
Exposing linked data is a concept continuing to emerge. Tim Berners-Lee’s vision in 2009 
(Berners-Lee 2009) was to “build a web for open, linked data that could do for numbers what the 
Web did for word . . . unlock our data and reframe the way we use it together.” 

 
6.3 Data Citation 

 
Previously, researchers have not really understood how to cite data (or compile meaningful 

metadata) and “full citation of data is not currently a normative behaviour in scholarly writing” 
(Mooney and Newton 2012). However, the introduction of DOIs for data sets has been a positive 
encouragement welcomed by the research and informatics community. The advent of a number of 
Research Data Training online courses e.g., (MANTRA 2014) are welcome tools for researchers to 
gain RDM skills. 
Citation metrics have been adopted across the sciences as a method to obtain quantitative indicators 
for the assessment of the quality of research and researchers, as well as the impact of research 
products. Systems and services such as the Science Citation Index (Thomson Reuters 2013), the h-
index (or Hirsch number), or the Impact Factor of scientific journals have been developed to track 
and record access and citation of scientific publications. These indicators are widely used by 
investigators, academic departments and administration, funding agencies, and professional 
societies across all disciplines to assess performance of individuals or organizations within the 
research landscape and inform and influence the advancement of academic careers and investments 
of research funding. New data metrics indicating the value and impact of data publications (like 
those launched by the Data Citation Index in 2012) are needed to raise the value and appreciation of 
data and data sharing because the missing recognition for data publication in science is seen as a 
major cause for the reluctance of data producers to share their data (Smit 2010). Calls for data sets 
to be cited in a conventional manner are widespread and the growing use of persistent DOIs 
assigned to data sets  (e.g., by MBLWHOI,  DataCite and Dryad) is a major contribution leading to 
a call for a central registry resolving various digital identifiers (DOI, URL, URI et cetera) (Costello 
2013). 
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The Research Data Alliance (RDA 2014) supported by the European Commission, the U.S. 

Government and the Australian Government is likely to have a significant impact on the research 
data landscape. An overall objective of the ICSU World Data System/Research Data Alliance 
WDS/RDA Interest Group on Data Publication - Bibliometrics is to ”conceptualize data metrics 
and corresponding services that are suitable to overcome existing barriers and thus likely to initiate 
a cultural change among scientists, encouraging more and better data citations…” (WDS 2014). 

 Work among several groups is resulting in recommendations for data citation formats; early 
examples include Altman and King (2007), the UK Digital Curation Centre (Ball and Duke 2012) 
and the Federation of Earth Science Information Partners (ESIP 2012).   Data Citation Groups have 
been formed; the Force 11 Data Citation Synthesis Group has released and called for endorsement 
of the consolidated Joint Declaration of Data Citation Principles, a collaborative effort including 
such groups as the CODATA-ICSTI Task Group on Data Citation (Force II 2013). Other data 
citation groups like that within Mendeley (Mendeley 2014) and UK Data Service (UKDS 2014) 
contribute to the discussion. 
 
“Data publication and data citation is becoming increasingly important to the scientific community, 
as it will provide a mechanism for those who create data to receive academic credit for their work 
and will allow the conclusions arising from an analysis to be more readily verifiable, thus 
promoting transparency in the scientific process” (Lawrence et al 2011).   It can create incentives 
for researchers to make data available with sufficient metadata, to make it discoverable and re-
usable, thereby gaining citations. Of course, this is conditional upon institutional management 
agreeing to use data citation metrics as an element in performance assessment and career 
advancement decisions.   The recent trend of Funding Agencies and Publishers requiring data 
related to publications to be accessible will accelerate data publication. 

 
 
…………………. 
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