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Abstract

[Purpose/Significance] This study analyzes the current research status and de-
velopment trends of scientific data sharing, providing references for advancing
domestic theoretical research and practical progress. [Method/Process] By re-
viewing and synthesizing literature from home and abroad, three major themes
related to scientific data sharing research are identified: the development needs
of scientific data sharing, the management and sharing models and mechanisms
of scientific data, and the sharing degree and service effectiveness of scientific
data services. A scientific data sharing management analysis framework is con-
structed, which reflects the causal relationships among these three themes and
emphasizes the rationality, importance, and criticality of scientific data sharing
management and services. [Results/Conclusion] Existing research both domesti-
cally and internationally still has deficiencies. Future research should strengthen
empirical studies, focus on improving management mechanisms, and simultane-
ously emphasize innovation in sharing service models.
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Abstract

[Purpose/Significance] This study analyzes the research status and develop-
ment trends of scientific data sharing to provide references for promoting rele-
vant theoretical research and practical progress in China. [Method/Process|
Through reviewing and summarizing domestic and foreign literature, we ex-
tracted three major themes related to scientific data sharing research: develop-
ment needs for scientific data sharing, management models and mechanisms for
scientific data sharing, and service sharing degree and effectiveness of scientific
data services. We constructed an analytical framework for scientific data shar-
ing management that reflects the causal relationships among these three themes,
emphasizing the rationality, importance, and criticality of scientific data shar-
ing management and services. [Result/Conclusion] Existing research both
domestically and internationally remains insufficient. Future research should
strengthen empirical studies, focus on improving management mechanisms, and
emphasize innovation in service models.

Keywords: scientific data sharing; data management; data services
Classification Number: G250
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Scientific data refers to a category of data generated through scientific research
activities or other means that reflect the essence, nature, and changing pat-
terns of relevant objects in scientific research activities and support such ac-
tivities. With the advent of the big data era and its widespread application
across various fields, scientific discovery has emerged as a fourth new paradigm
called “data-intensive science,” characterized by data-centric and data-driven
approaches that discover new knowledge through processing and analyzing mas-
sive datasets. The importance of scientific data as a national strategic resource
has become increasingly prominent, serving as a strategic resource supporting
scientific and technological innovation. Examples include massive DNA data
for understanding life, the discovery of the Higgs boson from one trillion events,
global carbon monitoring networks, and ARGO ocean buoys [1].

Building upon the important role of scientific data sharing, this study exam-
ines, organizes, and summarizes current domestic and international research
and practice in scientific data sharing, analyzes its research status and develop-
ment trends, and proposes reasonable prospects for future scientific data sharing
in China.

1 Research Design
1.1 Data Sources

Data were sourced from CNKI and the Web of Science Core Collection, covering
the period 2000-2019. The search criteria included topics of “data sharing” or
“data reuse” combined with “scientific data” or “research data,” yielding 73
documents. Through citation tracing, 156 additional references were identified.
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After removing duplicates and irrelevant items, 89 highly relevant documents
were ultimately selected.

1.2 Construction of the Analytical Framework

Scientific data sharing constitutes an important component of scientific data
management, referring to the public release of scientific research data through
various forms for use by others [2]. Scientific data sharing originates from the
common demand for scientific data resources driven by scientific and techno-
logical innovation activities and in-depth academic exchanges. According to an
online survey of 6,344 researchers by A. Mulligan et al. [3], 67% of researchers
considered it necessary to obtain supporting data for research, 75% hoped to
access others’ research data, and 52% expressed willingness to provide data
to others. These results indicate that most researchers believe scientific data
sharing is significant for scientific research.

Questions about how to effectively promote scientific data sharing, establish
and improve management mechanisms, unleash and fully exploit the innovative
value of scientific data, and guide and motivate researchers to participate in data
sharing have attracted active attention and discussion from scholars. However,
existing research is scattered across various industries and platform sharing
practices, lacks effective integration, and to some extent neglects reasonable
consideration of complete causal relationships, resulting in research themes not
being effectively revealed.

Through reviewing and summarizing domestic and foreign literature, we ex-
tracted three major themes related to scientific data sharing research: develop-
ment needs for scientific data sharing, scientific data management models and
mechanisms, and scientific data service sharing degree and service effectiveness,
aiming to achieve a holistic grasp and deeper understanding of the scientific
data sharing process. The analytical framework for scientific data sharing man-
agement constructed in this study is shown in Figure 1 [Figure 1: see original
paper], which reflects the causal relationships among these three themes and
emphasizes the rationality, importance, and criticality of scientific data sharing
management and services.

2 Analysis of the Scientific Data Sharing Management
Framework

2.1 Scientific Data Sharing Driven by Development Needs

Implementing scientific data open sharing represents a strategic demand for na-
tional development and has become an international trend, as evidenced by the
successive establishment of institutions oriented toward scientific data manage-
ment and sharing and the emergence of scientific data centers (or data sharing
platforms) [4-5].
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Since the 1950s, as the scientific community’s demand for exchanging and ap-
plying basic scientific data has become increasingly apparent and recognition of
the value of scientific data has grown, the fundamental status of scientific data
has been gradually established. The International Council for Science (ICSU)
organized the establishment of the World Data Center (WDC) in 1957, focus-
ing on earth science, space science, and astronomical data, aimed at collecting,
organizing, systematizing, standardizing, and exchanging data in earth science,
environmental, and space science fields. To address sharing barriers across differ-
ent disciplines, ICSU established the Committee on Data of the International
Science Council (CODATA) in 1966, covering broader disciplinary areas. In
March 2001, CODATA launched the electronic journal Data Science Journal
focused on scientific data, establishing scientific data as a new discipline [6].

In March 2004, the UK’s Joint Information Systems Committee (JISC) initiated
the establishment of the Digital Curation Center (DCC), which actively engages
in practices related to scientific data preservation, management, and sharing.
In March 2013, the European Commission (EC), the U.S. National Science
Foundation (NSF), the U.S. National Institute of Standards and Technology
(NIST), and the Australian Innovation Department (AID) jointly formed the
Research Data Alliance (RDA), creating conditions for researchers to openly
share scientific data across technical and disciplinary fields and national borders,
and promoting global scientific data exchange.

Under the leadership and promotion of these data sharing management organi-
zations, governments have gradually conducted overall planning at the national
level to establish scientific data center systems. For example, the United States
has built a massive scientific data center system, including 13 disciplinary World
Data Centers and 9 national data centers. The World Data Centers include
the Center for Atmospheric Trace Gases, Center for Marine Geology and Geo-
physics, Seismology Center, Center for Human-Environment Interactions, Me-
teorological Data Center, Oceanography Center, Remote Sensing Land Data
Center, Rocket and Satellite Center, Solar-Terrestrial Physics Data Center,
Earth Rotation Center, Solid Earth Geophysics Center, and Paleoclimatology
Center. A typical case among national data centers is NASA’s “Distributed Ac-
tive Archive Centers” project, which includes national-level data centers such
as NASA, the National Science Foundation (NSF), the Department of Energy
(DOE), and the National Institutes of Health (NIH) [7].

China first proposed scientific data sharing at the end of 2001, launching a scien-
tific data sharing engineering project involving 24 fields. In July 2004, the Min-
istry of Science and Technology initiated the construction of the National Sci-
ence and Technology Infrastructure Platform, implementing a “people-oriented”
philosophy and shifting the focus of national scientific and technological inno-
vation to creating a favorable institutional environment, policy environment,
and basic conditions for science and technology. In March 2015, Sugon released
the “Data China” strategy, proposing the vision of “enabling the whole society
to share data value.” In August 2015, the state issued the “Action Outline for
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Promoting Big Data Development,” which pointed out the need to accelerate
government data opening and sharing and promote resource integration [8]. In
March 2018, the General Office of the State Council promulgated the “Mea-
sures for the Management of Scientific Data,” which mandated the mandatory
submission of scientific data generated by national science and technology plan
projects, reflecting China’s increasing emphasis on scientific data sharing [9].

To date, under the influence of user foundations, technical support, and pol-
icy advancement, multiple scientific data sharing platforms led by government
departments (and their affiliated institutions) have officially entered the oper-
ational service stage, such as the National Earth System Science Data Center,
National Population and Health Science Data Center, National Agricultural
Science Data Center, National Seismological Science Data Center, China Mete-
orological Data Network (Meteorological Data Sharing Center), and National
Forestry and Grassland Science Data Center [10]. Although these platforms
have promoted scientific data sharing and reuse to some extent, they still strug-
gle to meet the requirements of rapidly developing research paradigms due to
limitations in the timeliness, depth, and breadth of data openness.

In summary, sharing development needs originate from three levels: national
strategic development, the scientific community, and research teams. Demands
at different levels can stimulate and promote the development of scientific data
sharing activities to a certain extent, ultimately reflecting the common goal of
pursuing the realization of scientific data value in scientific data open sharing
activities. The aforementioned scientific data sharing plans represent overall
planning dominated by national development needs, reflecting the state’s capac-
ity to integrate resources from various departments and units and create new
sharing orders through increased national investment [11]. Since the 1990s, the
U.S. government has gradually built a data sharing framework at the national
level, incorporating data management activities of governments at all levels,
federal departments, commercial companies, and individuals into the national
overall planning to form a national-level scientific data management and service
system. In 2002, China officially launched its scientific data sharing engineering
project, which, under national overall planning and management, incorporated
scientific data resources accumulated by various departments and units into
a unified national scientific data sharing framework, aiming to form a cross-
departmental, cross-disciplinary, and multi-level national scientific data sharing
service system, achieve classified and graded sharing of basic and public welfare
scientific data accumulated over many years, and enable the full realization and
appreciation of the potential value of massive scientific data resources.

2.2 Scientific Data Sharing in the Management Context

Scientific data sharing has a processual nature throughout the scientific data
management lifecycle. It is a value-creating activity directly associated with
data production, organization, storage, publication, dissemination, and citation,
reflecting the synergy among stakeholders including data producers, funders,
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organizers, publishers, disseminators, managers, and users [12]. For the value-
creating activities in the scientific data sharing management lifecycle, two forces
promote the efficient completion of scientific data sharing value creation: first,
internal dynamic conditions for scientific data sharing, mainly referring to the
interconnection among various elements within data management institutions
and their adaptation and coordination in response to external environmental
changes, which primarily reflects a data management institution’s data man-
agement capabilities; second, external supporting conditions for scientific data
sharing, mainly referring to external environmental factors in which sharing
activities occur, including relevant organizations or institutions (stakeholders),
the completeness of sharing legal systems, and the information technology envi-
ronment.

Scientific data sharing management is an important theme in academic and
industry research. Existing research has primarily focused on scientific data
production and organization, as well as scientific data publication and utiliza-
tion.

2.2.1 Scientific Data Sharing Management Models Huang Dingcheng
argues that the stability of scientific data sharing management system operation
depends on the interaction mechanisms among five main controlling factors:
development needs, data resources, organizational management, sharing rules,
and sharing technology. Data resources, sharing rules, and sharing technology
are necessary conditions for sharing management, while data resource managers
and users are sufficient conditions for sharing platforms to meet development
needs and realize their utility value [11].

Scientific data production and organization have epistemological significance in
perceiving scientific data and its movement. In terms of generation methods,
scientific data mainly originates from ground observation (monitoring), remote
sensing, surveys, statistical analysis, experimental testing, processing, compu-
tational simulation, and internet mining. In the United States, scientific data
output can be roughly divided into three types from government departments,
commercial sectors, and universities/research institutions [13]. Under current
circumstances in China, scientific data acquisition and accumulation are mainly
completed through government investment, with three primary sources: profes-
sional data generated by government department special plans; professional data
produced by various national science and technology plans and special scientific
and technological activities; and professional databases from research institutes
and higher education institutions, international scientific data resources from
Chinese branches of international scientific data organizations, and even scien-
tific data held by individual scientists [14].

Due to different generation methods of shareable data resources, research insti-
tutions have promoted the integration of distributed and heterogeneous data
resources. A. Chilvers et al. [15] believe that metadata is key to scientific data
organization and management in a general sense, facilitating the organization
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and acquisition of scientific data in a unified form and becoming an effective way
to achieve multi-dimensional association between scientific data and its support-
ing literature. Currently, scientific data sharing platforms in operation in China
use metadata for data description [10]. The level and quality of research data
organization represent a concentrated reflection of understanding research data
characteristics and their literature association features. Research data contains
a wealth of knowledge and relationships, such as research subjects (personnel,
institutions, countries/regions, etc.), research activities (experiments, projects,
etc.), research conditions (methods, instruments, funding, journals, etc.), and re-
search outputs (results, patents, standards, etc.). These research entities have in-
terwoven multi-dimensional relationships, such as personnel-related, institution-
related, result-related, and theme-related connections. Within the same type of
data resources, there also exist relationships of inheritance, subordination, and
correlation. At the data organization level, reasonable scientific data classifica-
tion management and system integration can effectively enhance scientific data
value-added, promote data resource circulation and sharing, and highlight the
dynamic, systematic, and proactive development style of data resources.

Currently, the main challenges in data organization include system heterogene-
ity, inconsistent data description syntax, non-uniform scientific data metadata
formats, and lack of semantic associations among scientific data [16].

Data publishing refers to the release of research datasets through certain public
mechanisms, enabling the public to discover, obtain, evaluate, and apply these
datasets according to certain rules [17]. Scientific data publishing is one of
the important forms to ensure effective data sharing. Scholars at home and
abroad have conducted research on data publishing models [18-21], key issues
in data publishing [22-25], and technical application issues in data publishing
[26-28]. The ultimate goal of scientific data publishing is to enable data users
to conveniently use relevant data. B. Lawrence et al. [29] pointed out that data
publishing means data reaches a state of being citable and traceable. Therefore,
data publishing requires simplicity, citable data, and convenient data usage [30].

Scientific data citation refers to describing scientific data resources used through
methods similar to literature citation [31]. As one of the important ways to
achieve data sharing, data citation serves as a bridge connecting data users and
data producers, helping to clarify responsibilities and obligations for data shar-
ing and achieving the goal of value-added utilization of research data [32]. Fo-
cusing on scientific data citation from a policy perspective is a research hotspot
in foreign academia, with the UK, US, Australia, and the EU having formulated
policies and implementation plans for research data citation and sharing. Based
on a comprehensive investigation of domestic and foreign scientific data citation
standards, Shi Yali used case analysis to deeply analyze Australian ANDS data
citation practices from four aspects: data citation service implementation, joint
promotion of data citation standard implementation guidelines, development
and application of data citation systems, and feedback on standard implementa-
tion effects [33]. Foreign scholars have explored scientific data citation principles
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[34], the joint statement on data citation principles recognized by six publishing
platforms including Dataverse (FORCE11) and the FAIR data sharing principles
of “Findable, Accessible, Interoperable, and Reusable” [35], relevant standards
[36], and data citation technologies [37], such as most publishing platforms us-
ing DOI and Universal Numeric Fingerprint (UNF) technology for data citation
while following citation principles from the International Council for Science
Committee on Data (CODATA) [38].

Domestic scholars have systematically summarized and analyzed research on
data citation behavior [39-42], data citation norms [43-46], and data citation
strategies [47], pointing out that Chinese researchers’ data citation behaviors
show significant differences across disciplines regarding cited data types, with
non-original data citations still accounting for a large proportion and varying
degrees of metadata element information disclosure. Due to lack of coopera-
tion and communication among stakeholders such as publishers, data reposito-
ries, and researchers, domestic data citation requirements lag behind foreign
counterparts in terms of the number, types, and extensibility of citation el-
ements, lacking uniformity and professionalism with relatively broad citation
content. Therefore, strengthening cooperation and communication among pub-
lishers, data repositories, researchers, and other stakeholders, and establishing
a complete scientific data citation system and mechanism are development di-
rections for promoting standardized scientific data citation.

In summary, when data generation (observation, computation, experimental
methods) is scientifically sound, data description information is comprehensive
(complete data, standardized metadata), data maintenance is timely (good data
update status), data access is more convenient, and data usage meets require-
ments (reasonable accuracy), users can perceive higher data value and thus
demonstrate stronger sharing willingness.

2.2.2 Data Sharing Mechanisms Scientific data sharing mechanisms refer
to the interaction processes, methods, and operational patterns among elements
of the scientific data open sharing system [48]. Data sharing mechanisms play
an important role in creating new orders for data sharing and promoting the
healthy development of data sharing platforms. Establishing and improving the
main mechanisms for scientific data sharing is closely related to the five basic ele-
ments of data sharing. Data resource organization management, establishment
of sharing rules, and realization of sharing technology require corresponding
guarantees from data resource coordination mechanisms, policy and regulation
guarantee mechanisms, technical support mechanisms, performance evaluation
and incentive mechanisms, and data security supervision mechanisms.

Research on scientific data sharing was earlier related to technical support for
data sharing [49-52]. With the operation of data sharing platforms domestically
and internationally, policy and regulatory issues for data sharing rules have
become research hotspots [53-56], achieving certain research results. Based on
analysis of foreign scientific data open sharing policies, Zhang Xiaoqing et al. [57]
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summarized their content into three categories of elements: policy require-
ments, including requirements for data quality and standards, data acquisition
and sharing, data protection and preservation, and data management plans;
policy regulations, including regulations on privacy, traditional knowledge, sen-
sitive data, intellectual property rights, or data ownership; other explanations,
including descriptions of the purpose, principles, scope, roles and responsibili-
ties, supervision, and implementation of scientific data open sharing. From the
perspective of domestic scientific data open sharing practice, although China’s
scientific data sharing services have achieved initial success, the lack of national
or industry-level scientific data open sharing policies has affected the orderly de-
velopment of scientific data sharing practice in China. Therefore, establishing
a complete set of scientific data sharing policies and regulatory systems with
interconnected content, complementary systems, and coordinated effectiveness
will be the direction of future research efforts.

The scientific data sharing process involves interdependence and mutual promo-
tion among stakeholders including data producers, funders, organizers, publish-
ers, disseminators, managers, and users. Data drives collaboration among rele-
vant stakeholders, builds consensus, and aggregates individual efforts into collec-
tive strength. We should gradually establish and improve a scientific data open
sharing policy system at the national, industry, and institutional/enterprise
levels to provide effective guidance for inter-departmental collaboration (divi-
sion of labor in data collection scope), central-local collaboration, collaboration
among scientists, and collaboration between data producers and managers. Ad-
ditionally, integrating data sharing mechanisms into the scientific data sharing
environment ensures timely, accurate, and comprehensive circulation of data
flows while stimulating, guiding, and strengthening researchers’ participation in
data sharing.

2.3 Service Sharing Degree and Service Effects

Scientific data services are dynamic, cross-boundary, and embedded services
that meet national development needs, research team needs, and researchers’
needs, as well as the development needs of data service institutions that support
research [58]. The fundamental task of data sharing services is to connect data
owners and data users, promoting the dissemination and reuse of data resources.
In 2011, the Ministry of Science and Technology and the Ministry of Finance
formulated the “Performance Evaluation Indicators for National Science and
Technology Infrastructure Platform Operation Services,” which focuses on ex-
amining service quantity and effectiveness of science and technology platforms.
The indicators include four first-level indicators—service quantity, service effec-
tiveness, operation management, and resource integration—and 12 second-level
indicators [59]. In April 2011, the National Science and Technology Infrastruc-
ture Platform Construction Basic Science Data Sharing Network Project Team
proposed the “Sharing Service Evaluation Indicator System,” which designed
six first-level indicators including data resource construction capability, tech-
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nical capability, organization and management, sharing service, effectiveness,
and characteristics, along with 20 second-level indicators [60]. With the launch
of China’s scientific data sharing engineering project, research and practice on
data service sharing performance evaluation have attracted attention from schol-
ars and industry [61-62]. In recent years, influenced by the “user satisfaction-
oriented” service performance perspective [63-64], data sharing service evalua-
tion has shifted from focusing on the demand side to “user satisfaction-oriented”
service effectiveness [65-66], taking service capabilities that meet user needs as
an important standard for evaluating service effectiveness [67].

2.3.1 Service Capability and Sharing Degree Service capability and shar-
ing degree reflect a data management institution’s user coverage width, user us-
age frequency, and service quality in terms of improving data quality, timeliness,
and supply promptness. User coverage width and usage frequency are related to
data sharing service positioning. The NSF categorizes scientific data into three
types: research data, resource data, and reference data. From a service position-
ing perspective, research data refers to datasets required for research, reflecting
the value of research teams and serving only specific research groups (project
research teams). Resource data refers to key research datasets and datasets
needed by the scientific community, reflecting the value of the scientific com-
munity and serving specific research groups (organizations and institutions in a
certain field or discipline or cross-system organizations). Reference data refers
to datasets important to the nation and society, reflecting social value and serv-
ing the entire scientific community. Reference data has large user groups and
broad application impact, with higher open sharing requirements than resource
and research data [68-69].

From the perspective of data sharing and utilization behavior, the characteris-
tics of research teams’ data sharing and utilization behavior aim at utilization
in specific research directions for the research team, where data realizes its
research value through collaborative development and utilization within the re-
search team, showing strong specificity. Wu Dan et al. [70] investigated scientific
data sharing behavior among Chinese medical practitioners, with results show-
ing that most researchers are only willing to share their research data within
their teams. The characteristics of the scientific community’s data sharing and
utilization are oriented toward collaborative innovation goals, integrating ad-
vantageous resources of community member organizations and achieving shared
utilization, showing strong planning [71].

In terms of timeliness, scientific data resources must come from reliable sources
that are authentic and accurate and can be continuously supplemented and
updated. To ensure supply promptness, data open platforms can use various
dissemination channels and approaches such as retrieval services, search engines,
and social networks to ensure that data users can conveniently and quickly locate
and obtain openly shared data resources, allowing data resources to circulate
rapidly and effectively.
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2.3.2 Data Sharing Service Effects Scientific data can only achieve data
owners’ pursuit of maximum utility through extensive sharing and application.
User satisfaction is a core factor in evaluating data sharing service effects, as
users have more intuitive feelings about the quality, usability, and value of open
data. Huang Xin [67] explored the mutual influence relationships among qual-
ity perception, value perception, and user satisfaction in the field of scientific
data services from nine aspects: scientific data introduction services, naviga-
tion services, acquisition services, metadata creation services, storage services,
citation services, publishing services, consulting services, and training services.
The research results show that quality perception has a very significant impact
on user satisfaction, and value perception also has a very significant impact on
user satisfaction. Data resource managers should pay close attention to users’
development needs for data sharing, leverage their own advantages to provide
data products and services that meet the needs of target groups, and strive to
improve service usefulness and ease of use, enabling users to “find what they
search for” and “gain what they share.”

Driven by user needs and utilizing various technical means, optimizing the in-
teraction design between data management systems and users, improving data
sharing service functions, increasing service stickiness and user loyalty, and al-
lowing users to experience the practicality and convenience of scientific data
sharing service functions can enhance user perceived satisfaction and form an
affinity user group.

The contribution of scientific data sharing services to science, technology, econ-
omy, and society is an important standard for evaluating their service effects.
The most obvious motivation for sharing subjects to participate in sharing ac-
tivities is the benefits gained from participation, which can come from three
aspects: contributions to supporting various national science and technology
plans and government decision-making and producing major achievements;
support for enterprise scientific and technological progress and technological in-
novation, education, and science popularization; and reduction of duplicate
investment.

In summary, objective and accurate evaluation of scientific data sharing service
effects and user satisfaction is conducive to enhancing the social recognition
of data resources as academic achievements, helping to improve the academic
status and influence of data workers, and ultimately stimulating the internal
motivation of data workers to publish data. User satisfaction with data sharing
plays an important role in forming a voluntary data sharing atmosphere where
“everyone is both a data user and contributor,” promoting social collaboration,
improving research investment efficiency, and thereby enhancing scientific and
technological levels, economic development, and social benefits.
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3 Conclusion and Future Research Prospects

3.1 Conclusion

Based on a review and summary of existing relevant literature, this paper draws
the following conclusions:

(1)

To deeply understand and effectively reveal research themes on scientific
data sharing, we constructed an analytical framework for scientific data
sharing management. This framework describes the causal relationships
among development needs, scientific data sharing management models and
mechanisms, and service sharing degree and effects, emphasizing the ratio-
nality, importance, and criticality of scientific data sharing management
and services.

Scientific data sharing is not only an important way to obtain data for
data-intensive modern scientific research but also an inevitable choice for
promoting scientific and technological progress and innovation, and more
importantly, a strategic demand for national development. Sharing devel-
opment needs originate from three levels: national strategic development,
the scientific community, and research teams. Demands at different lev-
els can stimulate and promote the development of scientific data sharing
activities to a certain extent, ultimately reflecting the common goal of pur-
suing the realization of scientific data value in scientific data open sharing
activities. From the perspective of national development strategic needs, it
forms the execution basis for data resource managers to formulate overall
plans for scientific data sharing management, an important prerequisite
for establishing and improving management mechanisms centered on sci-
entific data resource sharing, and the fundamental guarantee for creating
a new order for scientific data sharing.

Scientific data sharing has a processual nature throughout the scientific
data management lifecycle, going through five steps: data production,
organization, publication, dissemination, and utilization. It is a value-
creating activity directly associated with scientific data production, organi-
zation, publication, dissemination, and utilization, involving stakeholders
including data producers, funders, organizers, publishers, disseminators,
managers, and users. For value-creating activities in the scientific data
sharing management lifecycle, two forces promote the efficient completion
of data sharing value creation: internal dynamic conditions and external
supporting conditions for scientific data sharing. From the perspective
of sustainable development of data management institutions, it is neces-
sary to attach importance to the construction of management systems and
models, strengthen coordination mechanisms, highlight common interests,
eliminate individual barriers through joint construction and sharing, and
establish a management team with strong service awareness and high-level
expertise. This team is a sufficient condition for scientific data resources
to achieve maximum utility value. External supporting conditions for sci-
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entific data sharing emphasize the operational efficiency and assurance of
the sharing system, reflecting the intensity and capacity of scientific data
resource sharing allocation. The more complete the external supporting
conditions such as relevant organizations, institutions, systems, and in-
formation technology infrastructure, the more efficiently sharing activities
operate. This also means that promoting the construction and operation of
scientific data sharing systems requires comprehensive measures that both
stimulate the motivation of sharing subjects to participate in sharing and
improve the institutional construction of relevant sharing organizations
[74].

(4) The performance evaluation of scientific data management and sharing
services reflects the characteristics of data management system output and
represents a comprehensive measure of data resource service capabilities
and service effects.

3.2 Future Research Prospects

Scientific data sharing research has achieved considerable progress to some ex-
tent. However, given the complexity and diversity of scientific data sharing
practices, there remains significant room for development in both theory and
practice regarding scientific data sharing management and services. Overall, ex-
isting research both domestically and internationally is still insufficient. Future
research should strengthen empirical studies, focus on improving management
mechanisms, and emphasize service model innovation. Specifically:

3.2.1 Strengthening Empirical Research on Scientific Data Sharing
Management

First, measuring the value contribution of participants in scientific data value
co-creation, establishing key indicators for value contribution evaluation, includ-
ing measurements of use value and utility value. Second, conducting empirical
research on the relationship between participant behavior and value co-creation
performance, analyzing the input-output relationship of value co-creation par-
ticipants. Third, empirically testing user data sharing behavior. From the
perspective of users’ perceived usefulness of sharing platform services, factors
such as data content quality and quantity, and the vividness and interactivity
of presentation forms all affect user data sharing behavior. How these factors
influence user data sharing behavior are questions with important practical sig-
nificance for scientific data sharing service practice that await future empirical
research.

3.2.2 Improving Scientific Data Sharing Management Mechanisms

Scientific data sharing activities involve various stakeholders including data
producers, funders, organizers, publishers, disseminators, managers, and users.
How to attract different stakeholders to actively participate in value co-creation
of scientific data sharing management systems, how to coordinate interests and
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contradictions in resource integration during the value co-creation process, and
how to ensure the stable and sustainable healthy development of sharing man-
agement systems are all core issues facing scientific data management value
co-creation. Therefore, how to promote the mutual influence between resource
integration and interactive behavior among participants in data sharing value
co-creation through mechanism innovation, and how to promote the dynamic
mechanism, benefit distribution mechanism, and coordination mechanism for
participants in scientific data service systems to co-create value are issues wor-
thy of further attention.

3.2.3 Innovating Scientific Data Sharing Service Models

The value realization of scientific data is closely related to the application of
modern information technology. As literature resources develop from digitiza-
tion to datafication, semanticization, linking, and intelligence through progres-
sive deconstruction and reconstruction, the focus of data resource construction
will shift to fine-grained knowledge element revelation and bonding services, and
the focus of scientific data sharing services will shift to data-driven fine services
and intelligent evaluation. Fine services challenge existing service utilization
models while improving user experience. Therefore, scientific data sharing ser-
vices require new breakthroughs, new developments, and new values, demanding
that we rethink the core capabilities of scientific data sharing services and en-
hance their social contributions. How to innovate scientific data sharing service
models to achieve value development and intelligent insights from digital re-
sources through content datafication to data intelligence is worthy of further
exploration.
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Abstract: [Purpose/significance] Scientific data sharing has become a strategic
demand for national development. Analyzing the research status and develop-
ment trends of scientific data sharing provides reference for promoting relevant
theoretical research and practice in China. [Method/process] Through comb-
ing and inducing domestic and foreign literature, three major themes related to
scientific data sharing research were extracted, namely “scientific data sharing
development needs,” “scientific data management sharing modes and mecha-
nisms,” and “scientific data service sharing degree and service effect.” We also
built the data sharing analysis framework, which reflects the causal relationship
among the three themes, and emphasizes the rationality, importance, and crit-
icality of scientific data sharing management and service. [Result/conclusion]
The existing research at home and abroad is still insufficient. In the future, while
strengthening empirical research and focusing on the improvement of manage-
ment mechanisms, we should also pay attention to the innovation of shared
service mode.
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