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Abstract
As the soul of scientific research activities, scientific data serves as both the
starting point for stimulating scientific innovation and an indispensable compo-
nent of the rich outcomes of research endeavors. Scientific data management
and sharing, both domestically and internationally, are pursued through two di-
mensions: an “actively moderate orientation in scientific data policy” and “com-
prehensive and meticulous practices in scientific data management.” Through
a comparative analysis of current developments at home and abroad, the au-
thor argues that the macro-level framework of domestic scientific data policies
remains to be expanded, and the implementation of these policies still requires
continued accumulation of experience; numerous disciplinary fields still need to
enhance their awareness and capabilities in data management; while the overall
environment for scientific research is conducive to fostering a culture of open
scientific data, comprehensive coordination among multiple stakeholder groups
remains necessary. Looking ahead, the actively moderate sharing trend will con-
tinue to dominate the mainstream, debates over the public and private rights
of scientific data will intensify, and the re-conceptualization of the boundaries
between information technology transformation and scientific data management
will persistently drive data openness.

Full Text
Scientific Data Management and Open Sharing: Policies
and Mechanisms
As the lifeblood of research activities, scientific data serves as both the starting
point for stimulating scientific innovation and an indispensable component of
research outcomes. Domestic and international efforts in scientific data man-
agement and sharing have developed along two dimensions: “proactive yet mea-
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sured scientific data policy guidance” and “comprehensive and meticulous sci-
entific data management practices.” Through comparative analysis of current
developments at home and abroad, we observe that China’s scientific data policy
framework remains in need of expansion, with policy implementation requiring
continued accumulation. Many disciplines still need to enhance their awareness
and capabilities in data management. While the overall research environment
is conducive to nurturing an open scientific data culture, comprehensive coor-
dination among multiple stakeholder groups remains essential. Looking ahead,
the proactive and measured trend toward sharing will continue to dominate,
debates over public versus private rights in scientific data will intensify, and
technological transformations coupled with renewed understanding of scientific
data management boundaries will continuously drive data openness.

Keywords: scientific data management, scientific data sharing, scientific data
policy, open data

Regardless of research field or stakeholder group, effective scientific data man-
agement and open sharing benefit scientific research, the broader public, and
individuals alike: they drive scientific progress, reduce redundant labor while
boosting productivity, establish efficient boundaries for science policy, advance
long-term research and education, bring new solutions to societal problems, and
shorten product incubation cycles while satisfying public information demands.
However, in complex research contexts, data cannot be treated and managed
simply as a knowledge commons, as its effective flow requires additional in-
centives, quality controls, and more complex strategic choices and balancing
mechanisms. A better grasp of global trends in scientific data management and
sharing helps us identify and analyze problems, compare and reflect on current
conditions, and form reasonable expectations for the future. Through extensive
investigation, we have organized relevant topics in scientific data management
and sharing (Table 1 ).

2.1.1 FAIR Principles and “Full Open” Models

Since 2000, international organizations such as the Organisation for Economic
Co-operation and Development (OECD), Group on Earth Observations (GEO),
and the Committee on Data for Science and Technology (CODATA) have pro-
moted “full and open” scientific data sharing policies aimed at facilitating free,
unrestricted cross-boundary flow and reuse of scientific data resources. In
2014, a multi-stakeholder academic workshop titled “Jointly Building a Fair
Port for Data” in Leiden, Netherlands, proposed the FAIR Guiding Principles—
Findable, Accessible, Interoperable, and Reusable—that further interpreted the
fundamental philosophy of modern scientific data sharing and rapidly gained
popularity. The FAIR principles categorize scientific data resources into six
types based on openness status, with four categories considered primary forms
of open data: “FAIR metadata,” “FAIR limited-open data,” “FAIR open data,”
and “FAIR enhanced open data.” These principles have spread throughout the
European Union, United States, Australia, and beyond. Research on measuring
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FAIR data assets and the FAIR movement themed “Go change, Go build, Go
train” have further advanced implementation of these principles.

2.1.2 The Dynamically Evolving Boundary of Scientific Data Open-
ness

The depth and breadth of scientific data sharing—that is, the boundary of
openness—are constrained by factors including economic interests (such as data
ownership and intellectual property rights), privacy rights, and public safety, as
clearly stated in the Royal Society’s report Science as an Open Enterprise. After
four years of preparation, the European Union’s General Data Protection Reg-
ulation (GDPR) was approved on April 14, 2016, and formally implemented on
May 25, 2018, aiming to protect European citizens from privacy data breaches
in the data era. Its core provisions establish five citizen rights: the right to be
informed, right of access, right to object, right to data portability, and right to
be forgotten, making it the most important data privacy regulation in nearly
two decades. Due to the complexity of research contexts, the rights confirma-
tion of data assets warrants continuous exploration. The evolving boundary
of scientific data openness represents a dynamic game as scientific data moves
from closed to open contexts. Boundary delineation will continue to be a focal
point and challenge for scientific data sharing, requiring responses from both
top-down administrative mandates and bottom-up frontline data production,
particularly through technological applications, training and education, citizen
science development, and comprehensive impact measurement.

2.1.3 The Maturing Comprehensive Policy System

From an organizational perspective, the policy system for scientific data man-
agement and sharing has expanded comprehensively (Figure 1 [Figure 1: see
original paper]), spanning international and national levels, as well as regional,
disciplinary, and institutional levels or smaller organizational units. Among
these, domain and institutional-level scientific data policies are closer to actual
research and data contexts, making them crucial forces for extending and en-
riching the entire policy chain. Beyond vertically integrated policy system con-
struction, connections between different policy levels are increasingly close, such
as international policies interfacing with national policies through data diplo-
macy, and domain/institutional policies adjusting and calibrating in response
to national policies. Some organizations have archived existing data policies:
the U.S. Department of Energy’s Systems Biology Knowledgebase (KBase) in-
cludes bioinformatics data policy resources primarily from the United States;
the FAIRsharing platform has collected metadata information on 112 data poli-
cies across multiple domains; and the EU and OECD jointly established the
STIPCompass database to collect and publish science and technology policies
from 51 countries including China, covering scientific data management policies.
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2.2.1 Data Management Plans: From Concept to Practice

In 1995, the UK’s Economic and Social Research Council (ESRC) established
Data Management Plans (DMPs), requiring that data generated from ESRC-
funded research be shared as much as possible with proper long-term preser-
vation and high-quality management. The U.S. National Science Foundation
(NSF) mandated in January 2011 that project proposals must include data
management plans. In recent years, data management has gradually moved
from paper plans to practice, focusing on data types, data or metadata format
and content standards, access and sharing/reuse policies, and data archiving
plans. Numerous libraries, scientific data centers, research institutions, govern-
ment agencies, and international and regional organizations have participated in
technical support, policy interpretation, and training for DMP implementation.

2.2.2 Emerging Technologies Driving Continuous Innovation

Examples of emerging technologies driving scientific data openness and sharing
are numerous. Here we highlight three areas: blockchain-enabled data sharing,
citizen science-driven data production, and human-machine network interoper-
ability promoted by the Data Documentation Initiative (DDI).

(1) Blockchain-Enabled Data Sharing. The multi-level evolution and
pipeline processing characteristics of big scientific data throughout its lifecycle
pose new challenges for data transmission, processing, and sharing. Blockchain
technology offers solutions: using encryption algorithms and consensus mech-
anisms to ensure security, tracing origins and “filtering” to guarantee data
quality, and distributed decision-making to remove intermediaries, thereby sig-
nificantly improving data sharing efficiency. Healthcare data has experimented
with using blockchain to store and share personal health data. Additionally,
distributed edge computing will play a greater role in rapidly achieving data
collection, processing, and analysis through blockchain integration.

(2) Citizen Science-Driven Data Production. As a new source of data
collection, citizen science is flourishing. Over the past 22 years, nearly 30,000
whale shark images provided by ecotourists have helped researchers effectively
identify 20 whale shark aggregation sites. The value of citizen science data is
substantial: the Citizen Science Association (CSA) now has members from over
80 countries, with more than one million volunteers participating in over 1,000
major scientific programs.

(3) Human-Machine Network Interoperability. To promote understand-
ability between human and machine networks, the DDI Alliance launched DDI
3.3, covering technical content such as classification management, non-survey
data collection, sampling and weighting, questionnaire design, supporting DDI
as a property graph, and quality statement optimization, primarily applied to
archiving, discovery, and interoperability guidance for data in sociology, behav-
ioral science, economics, and public health.
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2.2.3 Data Publishing and Trusted Repositories

Data publishing provides new platforms for open scientific data management.
Publishing datasets and data papers has become popular in recent years, with
practices such as Earth System Science Data (2008), GigaScience (2012), Na-
ture Scientific Data (2015), and China Scientific Data (2015). In a broader
sense, data publishing also includes data repository construction. Reposito-
ries provide storage and access platforms for datasets, supporting standardized
data quality control and complete lifecycle management, and are categorized
as general-purpose repositories, institutional repositories, domain repositories,
publication repositories, libraries/archives/museums, and research project repos-
itories. Trusted repositories, as stable and reliable data infrastructure, provide
technical and management resource guarantees for open data work including
data publishing.

2.2.4 Flourishing Data Management Training

Data management training guides research practice through practical short-
term skill development. The European intergovernmental organization ELIXIR,
covering 20 national nodes, comprehensively promotes scientific data manage-
ment training across Europe. UK domain-specific training includes DCC (gen-
eral), CAiRO (arts), DataTrain (archaeology, anthropology), DATUM (health),
DMTpsych (psychology), and Research Data MANTRA (geoscience, social sci-
ence, and clinical psychology). CODATA provides annual data management
technical training for researchers in developing countries. Data Carpentry, de-
rived from software training, collaborates with multiple countries to conduct
training outreach. Additionally, professional degree programs in data science
are increasingly flourishing.

2.2.5 Comprehensive Impact Measurement

(1) Starting with Data Citation. Since 2010, CODATA’s Data Citation and
Practice Working Group has discussed “data citation standards and norms” in
detail. In 2014, the American Society for Information Science and Technol-
ogy (ASIS&T) Data Access and Preservation Summit focused on data citation,
metadata, and data reuse. Harvard University’s Institute for Quantitative So-
cial Science (IQSS) launched a data citation research project in 2014. University
libraries and non-profit organizations (such as DataCite and ICPSR) have also
participated in developing and promoting data citation standards.

(2) Altmetrics from a Social Perspective. Altmetrics comprehensively
evaluate the social impact of academic achievements based on mass social me-
dia, traditional mainstream media, academic social media, blogs, and reference
management software (including views, saves, discussions, recommendations,
and citations).

(3) Advancing Data Metrics. Moving beyond traditional citations between
literature and references to multiple relationships between data and literature,
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data and data, and data and datasets, with greater focus on “data,” “scholarly
records,” and “scholarly individuals.”

Scientific Data Management and Open Sharing in China
2.3.1 Overview of National Scientific Data Policy System

Scientific data management has accompanied research activities without inter-
ruption, particularly flourishing after 2000. China has formed a data policy
system led by government, industry institutions, and domain data centers (Ta-
ble 2 ). Among these, the Measures for the Management of Scientific Data took
effect on March 17, 2018. For the first time at the national level and across mul-
tiple domains, this regulation proposed open sharing as the guiding principle,
marking an epoch-making significance. Additionally, typical sectoral institu-
tional systems include both data management measures and policy guidelines,
such as the State Oceanic Administration’s Opinions on Standardizing Marine
Ecological Environment Monitoring Data Management Work (February 2015)
and the Ministry of Transport’s Implementation Opinions on Promoting Data
Resource Open Sharing in the Transportation Industry (September 2016). Cross-
departmental cooperative sharing has gradually advanced, such as the 2015 data
sharing agreement between the State Forestry Administration and Ministry of
Land and Resources establishing a long-term sharing mechanism. Domain sci-
entific data centers that parallel data practice with data policy are particularly
noteworthy.

2.3.2 Concurrent Scientific Data Open Sharing Practices

Scientific data management has always preceded policy and serves policy, with
most domain data policies rooted in data practice. While scientific data man-
agement is well-established, open sharing remains exploratory, with related
practices still dominated by exchanges and discussions. Although open data
demonstration platforms exist, widespread data sharing practices remain to be
developed. Figure 2 [Figure 2: see original paper] reviews representative events
in China’s scientific data open sharing history, with major domestic practices
from January 2017 to July 2018 listed in Table 3 . These practices involve
government, research institutions, and enterprise/social forces, covering data
infrastructure construction, big data project-driven scientific data management
and opening, scientific data exchange seminars, and international exchanges and
cooperation.

Comparative Reflection and Development Prospects
3.1 China’s Scientific Data Policy and Practice Compared with De-
veloped Countries

(1) Development Level. The Measures for the Management of Scientific
Data was recently promulgated, and its implementation will require years of
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exploration and accumulation. Based on existing scientific systems and data
resource volumes, the macro-level data policy management system remains to
be expanded.

(2) Development Breadth. Domestic scientific data management practices
are concentrated primarily in natural and engineering sciences. While there are
exemplary social science data practices, such as national statistical data and
research institution survey data platforms (e.g., the China Survey and Data
Center at Renmin University of China), significant progress remains to be made
relative to the scale of disciplinary research activities. The overall level of sci-
entific data open sharing still needs improvement, with data black holes formed
by dispersion among individual researchers continuing to exist objectively.

(3) Development Drivers. While scientific data sharing represents the gen-
eral trend, matching evaluation and incentive mechanisms for data sharing re-
main immature. Motivation for data sharing work comes primarily from spon-
taneity or administrative constraints. Better integration of tangible and intan-
gible forces to mobilize stakeholders across the entire lifecycle is crucial to the
future of research data management.

3.2 Mainstream Trends in Future Scientific Data Management and
Sharing

(1) Proactive and Measured Sharing Will Continue as the Main-
stream. From open science to open access to open data and FAIR practices,
open data still requires flexible adaptation to different research contexts. For
example, the International Committee of Medical Journal Editors (ICMJE),
representing 282 clinical researchers from 33 countries, opposed free sharing of
clinical trial data within 6 months of publication by 14 medical journals, argu-
ing it was unrealistic. This demonstrates that open data cannot be achieved
overnight but requires gradual, proactive, and measured strategies.

(2) Public vs. Private Rights in Scientific Data Will Be Increasingly
Contested. Scientific data should be openly shared for public benefit while pro-
tecting specific interests from infringement. Therefore, confirming data rights
is crucial. Effectively balancing public and private rights requires legal wisdom,
technological support (such as technical explorations enabling fine-grained data
sharing while reducing privacy infringement risks), and societal understanding
and participation in building a sharing culture.

(3) Information Technology Transformation Cannot Be Underesti-
mated. Information and communication technologies have ushered us into a
new data era and impact research data assets. Scientific data open sharing
depends on technical support while continuously posing new challenges to in-
formation technology, such as blockchain applications and the flourishing of
citizen science. Embracing new technologies with an open mind is a new tool
for driving mature open data management.
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(4) Reconceptualizing Scientific Data Management. Mature scientific
data management involves not only working with data but also participation
from multiple stakeholder groups. Efficient scientific data management activi-
ties require clear division of responsibilities, such as professional refinement of
institutional data assets and assigning responsibilities to individuals, to ensure
data management meets expectations. The foundation for promoting effective
scientific data management includes but is not limited to institutional macro-
level data management functions, data governance bodies (policy makers and
practitioners), team culture, and outcome measurement and evaluation.

In summary, through literature review and practical exchanges, we have sum-
marized major progress in research and practice on scientific data management
and sharing both domestically and internationally. Based on comparative anal-
ysis, we conclude that China’s scientific data management practices are matur-
ing, but macro-level development still requires more accumulation, significant
differences in data management levels persist across disciplines, and flexible
application of information technology and expansion of scientific data manage-
ment boundaries will be important driving forces for enhancing scientific data
management development.
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