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Abstract

Data repository infrastructures for academics have appeared in waves since the
dawn of Web technology. These waves are driven by changes in societal needs,
archiving needs and the development of cloud computing resources. As such,
the data repository landscape has many flavors when it comes to sustainability
models, target audiences and feature sets. One thing that links all data repos-
itories is a desire to make the content they host reusable, building on the core
principles of cataloging content for economical and research speed efficiency.
The FAIR principles are a common goal for all repository infrastructures to aim
for. No matter what discipline or infrastructure, the goal of reusable content,
for both humans and machines, is a common one. This is the first time that
repositories can work toward a common goal that ultimately lends itself to in-
teroperability. The idea that research can move further and faster as we un-silo
these fantastic resources is an achievable one. This paper investigates the steps
that existing repositories need to take in order to remain useful and relevant in
a FAIR research world.
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ABSTRACT

Data repository infrastructures for academics have appeared in waves since the
dawn of Web technology, driven by changes in societal needs, archiving require-
ments, and the development of cloud computing resources. Consequently, the
data repository landscape exhibits considerable diversity in sustainability mod-
els, target audiences, and feature sets. Omne universal objective links all data
repositories: the desire to make hosted content reusable, building on core cat-
aloging principles for economic and research efficiency. The FAIR principles
represent a common goal for all repository infrastructures to pursue, regardless
of discipline or infrastructure, as reusable content for both humans and machines
is a shared aspiration. This marks the first time repositories can work toward a
common goal that inherently supports interoperability, making it achievable to
advance research further and faster by dismantling silos around these valuable
resources. This paper investigates the steps existing repositories must take to
remain useful and relevant in a FAIR research world.

Corresponding authors: Mark Hahnel (E-mail: Mark@figshare.com, ORCID:
0000-0003-4741-0309); Dan Valen (E-mail: dan@figshare.com, ORCID: 0000-
0002-9479-6438).

1. INTRODUCTION

Public access policies, the open access movement, and open data mandates
around federally funded research are shaping infrastructure and researcher work-
flows by creating efficiencies throughout the research process. The surge in
public access mandates from foundations, academic publishers, and government
funding agencies means we are now discussing “when,” not “if,” the majority
of academic outputs will be openly available and discoverable on the Internet.
In the interim, FAIR itself does not prescribe making all data openly available
but does ensure funded research is made as open as possible while remaining as
closed as necessary (adhering to restrictions such as personally identifiable infor-
mation). We are witnessing a global push toward open and transparent research
to spur innovation, from the European Commission to the Chinese Academy of
Sciences to the White House Office of Science and Technology Policy and as-
sociated funding agencies, all advancing directives that create a chain effect of
open data mandates among global governments and funding bodies.

Foundational, discipline-specific data resources have long provided highly refer-
enced content to the academic community, such as Pangaea for earth and envi-
ronmental sciences, the Cambridge Crystallographic Data Centre for chemical
structures, and GenBank for genomic data. These repositories enable specific
disciplines to share relevant research, but their highly curated nature limits the
types of content available. Funding agencies seeking greater collaboration oppor-
tunities, improved return on research investment, and enhanced transparency in
funded research see value in making data available across disciplines by requir-
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ing data management plans and protocols for funded researchers to share data.
Consequently, general-purpose or “generalist” repositories have emerged to fill a
gap by providing avenues for sharing research data either in disciplines lacking
special-purpose repository support or for content inappropriate for submission
to discipline-specific repositories.

Research published in generalist repositories may be broader but remains equally
important to the research process. The FAIR Data Principles, with their fif-
teen elements striving to make research Findable, Accessible, Interoperable, and
Reusable, provide a low barrier to entry for data providers and scholarly com-
munication platforms seeking to maximize research asset reusability. This is
crucial as both disciplinary and generalist data repositories must comply with
FAIR principles to improve reuse of publicly funded research.

The authors analyzed available technical and policy documentation for ten repos-
itories to assess each platform’ s level of “FAIRness,” focusing particularly on
open API documentation, documented explanations of data curation and meta-
data markup practices, and clearly defined preservation policies ensuring data
availability. Accompanied by a dataset, this practice paper surveyed five subject-
specific data repositories and five generalist data repositories not only to assess
FAIRness levels but to provide simple recommendations for standardizing the
academy’ s data repository infrastructure and bolstering interoperability.

2. OBJECTIVES

As FAIR data requirements become more explicit, repositories must respond dy-
namically. The GO FAIR organization highlights that some requirements need
human objectification, while others can be checked automatically. For exam-
ple, “appropriate metadata” is a nuanced requirement that metadata or subject
specialist librarians can evaluate, and researchers in similar fields can confirm
whether outputs contain sufficient metadata for understanding and reproduc-
tion. However, enabling machines to interpret this for every field and subfield
is far more complex.

Conversely, machine-readable licenses are simple to implement and verify (as
the name suggests), making it unusual for humans to manually query this dur-
ing curation workflows, such as checking API documentation or landing page
HTML. The FAIR principles are intentionally broad and simple to facilitate
adoption. Still, surveying generalist and discipline-specific repositories reveals
that targeted recommendations leveraging quick technology fixes can ensure
interoperability for humans and machines across repository types. To better
understand these repository infrastructures’ strengths and weaknesses, the au-
thors examined five disciplinary and five generalist data repositories to provide
recommendations for seamless interoperability.
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3. ASSESSMENT

The FAIR principles were created to maximize benefits from global research
investments and ensure datasets and other research objects (such as workflows)
emerging from traditional science—those not fitting special-purpose, curated
repository requirements—are treated as “first-class” research objects no less im-
portant to the research enterprise. Reviewing five discipline-specific and five
generalist repositories revealed that the newer, decentralized approach to pub-
lishing content via generalist repositories and their employed technologies are
in some ways more FAIR-friendly than discipline-specific repositories. This
may stem from the legacy, specialized nature of disciplinary repositories, but in
seeking ways to increase interoperability and ensure published data meets FAIR
requirements for both humans and machines, several recommendations emerged
based on technological and policy similarities.

These recommendations seek to sharpen implementation choices following FAIR,
principles, ensuring legacy repositories with community-curated, trusted content
can work alongside generalist repositories and data analysis tools such as Kaggle,
Gigantum, or R. The recommendations rely on existing technology and policy
standards to advance FAIR principles and ensure data are as findable, accessible,
interoperable, and reusable as possible.

4.1 Persistent Identifiers

Exposing persistent identifiers (PIDs) as uniform resource identifiers (URIs) is
the first recommendation. All generalist repositories explored used data ob-
ject identifiers (DOIs) for public items from either DataCite or Crossref, Open
Researcher and Contributor IDs (ORCIDs) for identifying and disambiguating
authors, and Research Organization Registry (ROR) IDs or global research iden-
tifier database (GRID) to disambiguate research institutions. Using a central
DOI provider ensures public content resolves without link rot or URL changes,
indexes all content in a central metadata store (DataCite or Crossref), and ulti-
mately aids discoverability and citation ease. With ORCIDs and ROR/GRIDs,
data providers can ensure uniform, searchable provenance and disambiguated
PIDs for researchers and institutions, respectively.

These PIDs ensure minimum metadata assignment to published data and digital
resources while enhancing discoverability, easing citation, and enabling richer
shared metadata across the scholarly community. While any PID suffices, the
authors recommend DOIs for immediate integration with current scholarly in-
dexing systems.
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4.2 Application Programming Interface (API)

A major differentiator between audited disciplinary repositories and generalist
data repositories was API availability. A key tenet of FAIR principles is en-
suring published data is understandable for both humans and machines (i.e.,
programmatically queryable), best achieved by publishing data alongside well-
documented APIs.

The OpenAPI Specification provides a standard for machine-readable interface
files documenting RESTful API services. Its power lies in being language-
agnostic, allowing web clients to understand and consume services without server
implementation knowledge or access to server code, and enabling security vul-
nerability audits of OpenAPI interface files.

Nearly all generalist repositories explored offered well-documented REST
APIs ensuring programmatic file and metadata access via URIs, whereas
discipline-specific repositories utilized a mix of file transfer protocol (FTP),
SOAP API, OAI-PMH, and really simple syndication (RSS) feeds for metadata
access. While these options could potentially meet FAIR principles, providing
API access adhering to the OpenAPI specification further eases the path to
accessibility, interoperability, and data reuse.

4.3 Data Curation and Moderation Workflows

At the technological level, repository providers should enable trained data cura-
tors to work in detailed yet efficient manners by providing technical workflows
for content review. Data curation is time-consuming and has proven difficult
even before introducing technology for large-scale pre-publication collaboration.
Communities such as the Data Curation Network have emerged to address train-
ing, staffing, and support, yet repository infrastructure has not kept pace in
offering technical solutions.

Providing a moderation space where curation experts can check, verify, and
approve content, README files for context, and metadata completion is sug-
gested to aid system interoperability. Generalist repositories perform this ad
hoc, highlighting a weakness that potentially hinders interoperability and con-
tent trust.

4.4 Accessibility

Accessibility in the FAIR context considers technological protocols like
HTTP(S), SMTP, and FTP. Indeed, these represent a low bar for ensuring
free and open content. These accessibility guidelines focus primarily on W3C
standards to ensure open, implementable protocols but do not include Web
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Content Accessibility Guidelines (WCAG), making it difficult to achieve a pure
level of openness.

4.5 Licenses for Reuse

Clearly defined licenses for both metadata and files are crucial concerning legal
reuse rights. These must be human- and machine-readable and assigned to both
research files and metadata.

4.6 Sustainability

Preservation workflows ensure PIDs always point to research outputs along with
associated metadata. However, as data file sizes grow, repositories must find
ways to support themselves long-term. Disaster recovery for repositories should
be documented, and integrations with preservation workflows such as Preservica
and Archivematica should be shared.

5. DISCUSSION

Repository review highlighted high levels of existing commonality regarding
core FAIR principles. Technological improvement areas include APIs and ac-
cessibility for all, including those with disabilities. System differences mainly
concern sustainability models and human curation costs. Most repositories rely
on grant-based funding for some costs and do not charge for usage, meaning
increased service usage does not automatically yield more scaling budget. This
is particularly relevant for mass curation needs.

Most Interoperability and Reusability parameters defined by FAIR uniquely
require both human and technological capacity. We recommend repositories add
data curation and metadata experts to their teams to enable research building.
Both Dryad and ICPSR charge for curation, a model seemingly accepted by the
academic community and thus a potential route to improved reusability.

Google Dataset Search achieved low-level interoperability by defining engage-
ment rules for repositories, either through schema.org Dataset markup or equiv-
alent structures in W3C’ s Data Catalog Vocabulary (DCAT) format. Google
Dataset Search forced a coordinated approach to metadata standards across
repositories, and given Google’ s near-monopoly on web discoverability, this
uniquely drives repositories to collaborate. For the commons’ benefit, reposito-
ries must also coordinate on preferred metadata schemas and interoperability
strategies.
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Supporting common querying of subject-specific metadata across diverse sub-
jects is an abstract problem. An explosion in standards means interoperability
guidelines must be adhered to for building upon research across multiple repos-
itories. This is acknowledged by only 21% of surveyed repositories reporting
their customized vocabularies as fully FAIR. Initiatives such as Metadata 2020
attempt to simplify and standardize metadata assignment to improve research
metadata quality. The most underserved FAIR principle aspect in the repository
community is metadata quality, volume, and consistency.

Our recommendation is for stakeholders to work toward guidelines through the
Research Data Repository Interoperability Working Group—a framework for all
repositories to follow if they wish to be FAIR. Similar workflows have been
crafted for parallel objectives, such as the Data Policy Standardization and
Implementation Interest Group and their recent recommendations.
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