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Abstract
[Purpose/Significance] To reveal author collaboration relationships and col-
laborative research content on the topic of scientific data open sharing in
China, thereby providing references for broader scientific data open sharing.
[Method/Process] Utilizing journal and conference paper data on scientific
data open sharing from CNKI between 2004 and 2021, this study statistically
analyzes the basic situation of author collaboration, constructs an author
collaboration network, and employs social network analysis methods to
examine the overall author collaboration network, collaboration groups, and
collaborative research content. [Results/Conclusions] Journal and conference
papers on scientific data open sharing in China are primarily based on author
collaborative research. The overall network density of author collaboration
is relatively low; both the scale of collaboration groups and the frequency of
collaboration influence authors’ centrality in the network. The structure of
author collaboration groups exhibits five patterns: dual-core, network-frame,
bridge-connection, star, and streamlined types. Author collaborative research
content covers nine aspects: big data, scientific data, open sharing, data
publishing, data management, data policy, data security, government data,
and data governance.
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Abstract:
[Purpose/Significance] This study aims to reveal author cooperative relation-
ships and cooperative research content on the topic of domestic scientific data
open sharing, in order to provide references for broader scientific data open shar-
ing. [Method/Process] Based on journal and conference paper data from CNKI
on the topic of scientific data open sharing from 2004 to 2021, we analyzed the
basic situation of author cooperation and constructed author cooperation net-
works. We then analyzed the overall author cooperation network, cooperative
groups, and cooperative research content using social network analysis methods.
[Result/Conclusion] Journal and conference papers on domestic scientific data
open sharing are primarily based on author cooperative research. The overall
network density of author cooperation is low, and both the size of cooperative
groups and frequency of cooperation affect author centrality in the network.
Author cooperative group structures present five patterns: double-core, grid,
bridge-connection, star, and streamline. Author cooperative research content
covers nine aspects: big data, scientific data, open sharing, data publishing,
data management, data policy, data security, government data, and data gov-
ernance.

Keywords: scientific data; open sharing; author cooperation; cooperative rela-
tionship; social network
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With the development of data-intensive scientific paradigms, open sharing of
scientific data has gradually become a consensus in the academic community.
Meanwhile, to reduce scientific costs and accelerate scientific output, researchers
increasingly need to conduct collaborative research. Current scholarship has
extensively explored aspects such as scientific data open sharing policies [1],
responsibilities and participation motivations of various stakeholders [2], service
innovation and evaluation [3], platforms and applications [4], operation and
guarantee mechanisms [5], and countermeasures and suggestions [6]. However,
few studies have examined author cooperative relationships and cooperative re-
search content on the topic of domestic scientific data open sharing. This paper
attempts a preliminary analysis of this issue to further promote the development
of domestic scientific data open sharing practice.

We retrieved data from the CNKI database, limiting document types to journals
and conferences. Since dissertations are completed by single authors and do not
involve inter-author cooperation, they were excluded from this study. Using the
search terms “scientific data” or “research data” combined with “open sharing”
(search date: September 26, 2021), we obtained 1,016 relevant papers, including
1,000 journal papers and 16 conference papers. After removing anonymous
authors (those without author identification and newsletter-type articles) and
duplicate papers, and replacing author names listed as “Research Group” with
actual group members, we obtained 884 papers (868 journal papers and 16
conference papers) as our sample for further analysis.
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Literature retrieval revealed that as early as 2004, the topic of scientific data
open sharing had already attracted attention in China. However, from 2004 to
2012, the number of publications on this topic remained in single digits. After
2012, the number of published papers, co-authored papers, and contributing
authors all showed a growth trend. This analysis focuses on collaboration as
reflected in co-authorship. Among the 884 papers, 492 were completed through
multi-author collaboration. The total number of authors reached 1,518, includ-
ing 321 independent authors (who did not participate in collaborative publish-
ing) and 1,197 co-authors. In terms of single-paper collaboration, 2-3 author
collaborations were most common, while papers with seven or more co-authors
were rare, with one paper having as many as 23 co-authors (see Table 1 ). In
short, the collaboration degree for papers on this topic is 1.72 (collaboration
degree = total number of authors / total number of papers × 100%), and the
collaboration rate is 55.67% (collaboration rate = number of collaborative pa-
pers / total number of papers × 100%). Co-authors account for 78.85% of
all authors on this topic, indicating that most domestic journal and conference
papers on scientific data open sharing are collaborative research.

1 Data Sources and Research Methods
This study primarily employs social network analysis methods and tools such as
VOSviewer and UCINET to analyze author cooperation on the topic of domestic
scientific data open sharing from three perspectives: overall author cooperation
network, author cooperative groups, and cooperative research content.

2 Overall Author Cooperation Network Analysis
Treating authors as nodes in the cooperation network and their joint authorship
relationships as edges (without weighting contributions within a single paper),
we constructed an undirected symmetric overall network of author cooperation
on domestic scientific data open sharing (see Figure 1 [Figure 1: see original
paper]), where a, b, and c represent the top three groups in terms of number of
authors with cooperative relationships. Group a consists of 102 people, group
b consists of 29 people, and group c consists of 28 people. The overall author
cooperation network is a primary way to reflect cooperative relationships, and
its density and centrality analyses are as follows.

2.1 Density Analysis

Network density reflects the sparsity of relationships between nodes, with values
ranging between 0 and 1. Values closer to 1 indicate tighter relationships [7].
From 2004 to 2021, the density of the overall author cooperation network on
domestic scientific data open sharing is only 0.004, with a standard deviation of
0.076 for relationships in the network. The low network density indicates a dis-
persed overall network with weak connectivity, meaning relationships between
nodes are too sparse and suggesting that communication and interaction among

chinarxiv.org/items/chinaxiv-202304.00418 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00418


authors face certain obstacles.

2.2 Centrality Analysis

Centrality analysis includes measurements of degree centrality, betweenness cen-
trality, and closeness centrality of nodes in the network. When calculating de-
gree centrality, since one paper was co-authored by 23 people, and among them
Hao Jinxin, Xue Yanjie, and Cui Chenzhou also co-authored another paper with
three other authors, the degree centrality of these 23 authors is above 22. Using
Price’s Law K = 0.749√Nmax to screen core authors with high collaborative
output, where Nmax represents the maximum number of collaborative papers.
In our sample data, the maximum number of collaborative papers is 17, yielding
K = 3.09. Thus, core authors in scientific data open sharing are those with 4 or
more collaborative papers, totaling 26 authors (see Table 2 ). However, the top
three authors by collaborative output—Huang Ruhua, Gu Liping, and Sheng
Xiaoping—have degree centrality values of 15, 19, and 13 respectively, which
are lower than the aforementioned 23 authors. This is a special case resulting
from the relatively small scale of the author cooperation overall network and
insufficient sample size, but degree centrality shows a positive correlation with
cooperative group size.

A higher betweenness centrality value indicates that a node lies on more network
paths between other nodes [8]. In Table 2 , Shi Lei has the highest betweenness
centrality value, meaning she plays the most significant bridging role in the
entire network and has the strongest ability to control resources. Among the top
26 authors by betweenness centrality, Huang Ruhua and Huang Yuting belong
to the 29-person group, Yang Fan belongs to the 28-person group, and the
remaining 23 authors all belong to the 102-person group (see Figure 1 [Figure
1: see original paper]). However, among the top 26 authors by collaborative
output, Sheng Xiaoping, Ma Haiqun, Xing Wenming, Wen Fangfang, Xu Ting,
Qian Qing, Yu Guangjun, Li Yang, Wu Sizhu, Zhang Xiaoyue, Yang Xianmin,
and Zhu Yangyong do not appear among the top 26 authors by betweenness
centrality. This demonstrates that while there is a positive relationship between
the number of co-authored papers and author betweenness centrality, it is not
a simple linear relationship. Author betweenness centrality also has a positive
relationship with the size of the cooperative group to which the author belongs.

A smaller closeness centrality value indicates shorter distances between a node
and other nodes, making information acquisition and transmission easier and
less dependent on others. The top 26 closeness centrality values are all relatively
large (see Table 2 ), and all top 26 authors by closeness centrality belong to the
largest 102-person group (see Figure 1 [Figure 1: see original paper]), including
Shi Lei, Gao Mengxu, Wang Ruidan, Wang Chao, Hu Lianglin, Xu Bo, Gu
Liping, Li Jianhui, Zhang Lili, Wen Liangming, Wang Jian, Zhou Yuanchun, Li
Chengzan among the top 26 by collaborative output. However, the remaining 13
authors from the top 26 by output do not appear among the top 26 by closeness
centrality. This indicates that information transmission in the overall author
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cooperation network on domestic scientific data open sharing is not yet smooth
enough, though relatively good information access pathways have formed within
cooperative groups. Therefore, in the author cooperation network for domestic
scientific data open sharing, both the size of the cooperative group to which
an author belongs and the frequency of cooperation affect their betweenness
centrality and closeness centrality.

3 Author Cooperative Group Analysis
Author cooperative groups are another primary parameter reflecting author
cooperation relationships. The overall author cooperation network structure
shown in Figure 1 [Figure 1: see original paper] is dispersed, with most groups
being independent of each other and cross-group cooperation being rare. There-
fore, it is necessary to further analyze the quantity and structure of author
cooperative groups.

3.1 Quantity Analysis of Author Cooperative Groups

The 1,197 participating authors formed 314 cooperative groups. The most com-
mon are small groups of 2 authors, totaling 150 groups, followed by small groups
of 3 authors, totaling 84 groups. There are 9 unique cooperative groups (see
Table 3 ). The largest author cooperative group has 102 people, formed by 6
small groups through “cooperative relationships” (see Figure 2 [Figure 2: see
original paper] left). The second-largest author cooperative group has 29 people,
formed by 2 small groups through “cooperative relationships” (see Figure 2 [Fig-
ure 2: see original paper] right). Thus, the domestic scientific data open sharing
research topic has initially formed a certain number of cooperative groups of
varying sizes.

3.2 Structure Analysis of Author Cooperative Groups

This study summarizes the topological structure types in the author coopera-
tion network on scientific data open sharing into five patterns: double-core, grid,
bridge-connection, star, and streamline [9]. The double-core structure refers to
two-person cooperation groups (see Figure 3 Figure 3: see original paper). The
grid structure refers to author cooperation groups where any two nodes are
connected (see Figure 3 Figure 3: see original paper). The bridge-connection
structure refers to author cooperation groups that require bridge nodes to con-
nect multiple nodes or cooperation groups, presenting a mixed network structure
state (see Figure 3 Figure 3: see original paper). The star structure refers to au-
thor cooperation group patterns where one core node connects dispersed nodes
(see Figure 3 Figure 3: see original paper). The streamline structure refers to
author cooperation group patterns where nodes form cooperation relationships
in a linear rather than cross manner (see Figure 3 Figure 3: see original paper).
Among the five patterns, the double-core structure is most common (account-
ing for 47.8%), followed by the grid structure (39.8%). The streamline structure
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only appears in small cooperation groups of 3-5 people, while cooperation groups
with more than 10 people all present bridge-connection structures (see Table 3
).

4 Author Cooperative Research Content Analysis
We selected 492 cooperative papers for author cooperative research content anal-
ysis, extracted 1,158 keywords, merged synonymous keywords such as “scien-
tific data” and “research data,” “government data opening” and “open govern-
ment data,” etc. After constructing a keyword matrix and importing it into
VOSviewer, we selected high-frequency keywords appearing 7 or more times for
clustering, generating a high-frequency keyword co-occurrence map (see Figure
4 [Figure 4: see original paper]). This revealed nine sub-themes: big data,
scientific data, open sharing, data publishing, data management, data policy,
data security, government data, and data governance. The cooperative research
content is as follows:

4.1 Big Data

This theme focuses on the big data context of scientific data open sharing, big
data fields, big data technologies, and big data requirements for open sharing.
In the era of big data, both data processing and application methods have under-
gone tremendous changes. Scientific research has entered a new paradigm char-
acterized by data-intensive scientific discovery, continuously increasing demands
for scientific data preservation, management, and sharing [10], while generating
corresponding open sharing needs and diverse open sharing models in strategic,
public, and numerous other fields. People pay special attention to scientific
data resource status and sharing services in health and medical big data, agri-
cultural big data, earth observation big data, credit big data, and government
big data. However, since traditional data processing software cannot process
various types of big data within specified time limits, big data technologies are
needed, such as big data image recognition technology, video recording tech-
nology, and information collection technology, combined with new-generation
information and network technologies like the Internet of Things, cloud storage,
and artificial intelligence to jointly facilitate the sharing of scientific and techno-
logical resources, enabling data integration, mining, display, and management
[11]. Therefore, the big data era requires strengthening quality management
of scientific data to ensure the standardization, accuracy, authenticity, and
timeliness of openly shared scientific data; establishing institutional alliance big
databases to strengthen data information sharing and interactive connectivity
among similar institutions [12]; and promoting cross-integration and compre-
hensive application of scientific data from different types and disciplines.
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4.2 Scientific Data

This theme focuses on the connotation and characteristics, current status and
problems, management policies, influencing factors, and coping strategies of
scientific data. Scientific data refers to various basic and observational data
materials and related information generated in scientific and technological ac-
tivities. It is the most important information carrier of scientific achievements,
with characteristics of objectivity, diversity, basicness, resourcefulness, trans-
missibility, shareability, and value-addedness [13]. Domestic universities and
research institutions have successively established data repositories, publishers
have launched data journals, and commercial companies have introduced vari-
ous data services, with the number of scientific datasets growing exponentially
[14]. However, compared with foreign countries, domestic scientific data sharing
platform construction started relatively late, laws and regulations are missing,
and the institutional guarantee system remains to be perfected; integration is
limited, and data sources are relatively single. Domestic and foreign scientific
data open sharing is influenced by eight aspects: scientific personnel, policy,
data, technology, organization, platform, law, and funding [15]. To further
promote scientific data open sharing, we should build an open sharing system
by improving laws, regulations, and standard systems, perfecting management
planning and supervision models, using new-generation information technology
to achieve technical guarantees, strengthening internal and external cooperation
and collaborative construction, and enhancing talent team building [16].

4.3 Open Sharing

This theme concentrates on principles, sharing models, operation models and
implementation approaches, existing problems, key mechanisms, and strate-
gies of scientific data open sharing. FAIR (Findable, Accessible, Interoper-
able, Reusable) has become a widely accepted and recognized principle for
scientific data open sharing in the scientific community [17]. Current scien-
tific data sharing models at home and abroad can be summarized into five
types: policy-led, organization-cooperation, topic-driven, data-publishing, and
data-market [18]. The operation model of scientific data open sharing usually
includes government-led public welfare operation models and market-led com-
mercial operation models, with three main implementation approaches: data
repositories, data journals, and data description documents in academic journals
[19]. However, China’s scientific data open sharing is still in a basic, theoretical
exploration stage, lacking strong policy and regulation support, with relatively
little business communication and project cooperation with international orga-
nizations; uneven distribution of scientific and technological data resources and
unbalanced sharing progress; complicated construction of scientific and techno-
logical resource sharing platforms lacking unified standards; and strong tradi-
tional conservative ideas restricting sharing enthusiasm [20]. Therefore, we need
to continuously strengthen data open sharing drivers through effective incentive
mechanisms, improve data open sharing models through long-term evaluation
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mechanisms, and expand open data dissemination channels through multi-level
propagation mechanisms to achieve a virtuous cycle of the complete chain from
data opening to dissemination to reuse. Additionally, China urgently needs
to adopt effective strategies to promote scientific data open sharing, includ-
ing building a scientific data open sharing system, strengthening scientific data
preservation, accumulation, analysis, and mining, reasonably defining and effec-
tively protecting scientific data rights, gradually promoting graded and classified
opening of scientific data, enhancing international cooperation practices in sci-
entific data open sharing [21], and implementing open sharing by developing
standardized data products [22].

4.4 Data Publishing

This theme focuses on the role and requirements of scientific data publishing,
publishing models and processes, journal data publishing policies, and problems
and countermeasures facing data publishing. Data publishing can not only pro-
mote data open sharing and facilitate the development of academic publishing
and scientific research but also utilize data open sharing to solve data intellec-
tual property issues, ensure scientific data quality, and improve the value of
data reuse [23]. Scientific data publishing needs to meet the requirements of
standardized citation, unique identification, and convenient utilization of scien-
tific data [15]. Data publishing models include three types: independent data
publishing (i.e., storage and release in data repositories), data release as sup-
plementary materials to papers, and release in the form of data papers [24].
The general data publishing process includes five stages: data submission, data
storage, data review, data citation, and data evaluation [25]. Currently, data
publishing policies of major international publishing institutions involve four
aspects: data submission, data review, data opening and storage, and data pro-
tection, actively encouraging authors to submit and share data; while domestic
journal data policies’ requirements and explanations for data publishing are not
yet systematic [26]. The main problems facing data publishing are that com-
pared with traditional publishing, data publishing still needs improvement in
establishing academic status and industry recognition, with immature opera-
tion models [27], insufficient data storage infrastructure construction, imperfect
data review systems, serious data intellectual property infringement, and poor
data citation effects [28]. To address these challenges, China’s scientific data
publishing should accelerate the establishment of a batch of open, standard-
ized, strictly quality-controlled data repositories supporting FAIR principles;
explore new publishing models and establish rights protection mechanisms in
data publishing; standardize data citation; perfect data review systems to en-
sure scientific data quality; attach importance to data intellectual property; and
promote digital asset management [29].
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4.5 Data Management

This theme focuses on objects and principles of data management, scientific
data management planning and methods, scientific data management institu-
tions and services, practical status, and development suggestions. The objects
of data management mainly include big data, government data, scientific data,
and enterprise data [30], with principles mainly including data value quantifica-
tion, data quality control, metadata management, planning management, team
collaboration, dynamic management, lifecycle management, risk management,
technical relevance, and leadership support [31]. Scientific data management
planning describes what data will be produced and how data will be managed
throughout its lifecycle and made accessible, including project-expected data
content, type, scale, quality, submission time, and the name of the final scientific
data management institution, helping to advance scientific data management in
a planned manner. The “Scientific Data Management Measures” provides macro
guidance for China’s scientific data management, with its content, implemen-
tation status, influencing factors, and promotion strategies receiving attention
[32]. Scientific data management units at all levels need to clarify responsi-
bilities and collaboratively participate in scientific data management practice
according to the “Scientific Data Management Measures”; library and informa-
tion institutions should vigorously promote scientific data management services
[33]; and data management institutions should widely apply new technologies
to actively promote the maturity and development of open data management.
Domestic scientific data management practice is becoming increasingly mature,
but scientific data management mostly concentrates on natural and engineering
sciences, with much room for improvement in social science data management
practice [34]. The following measures can be taken to promote China’s scientific
data management: formulate highly operational implementation plans and im-
plement data sharing methods; strengthen scientific data sharing supervision, in-
tellectual property protection, and research and regulation of cross-border data
management; enhance national scientific data center construction and continu-
ous scientific data integration; raise data management awareness; and cultivate
relevant talents [27].

4.6 Data Policy

This theme focuses on investigating and analyzing data policies of domestic and
foreign organizations or institutions. Many international organizations have
formulated scientific data open sharing policies that emphasize the value of
scientific data open sharing, intellectual property and its protection, interop-
erability and high quality, and evaluation and stakeholder responsibility [35].
International publishing institutions, scientific education institutions, and sci-
entific funding institutions have also formulated relevant scientific data policies
involving deposit policies, storage specifications, supervision mechanisms and
quality assurance specifications, openness degree, dissemination specifications,
and utilization methods. For example, SpringerNature has formulated four dif-
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ferent levels of data licensing policies: encouraging, strongly recommending,
partially mandatory, and fully mandatory [36]. China has initially built a pol-
icy system for scientific data management and sharing from central to local
levels, but the status of regional open data policy construction is uneven, and
local government open data policies are mainly issued in the form of opinions,
notices, and plans, with policy binding force and enforceability needing improve-
ment and policy implementation requiring continued accumulation [37]. Certain
data policy content such as how to divide data rights and interests and how to
implement network security deserve further research and discussion [38].

4.7 Data Security

This theme emphasizes laws, regulations, policies, technologies, and governance
of data security. Data security involves relevant laws and standards, as well
as technologies such as data encryption, software and hardware data protec-
tion mechanisms, backup, data masking, and data clearing [39]. Before the
promulgation of the “Data Security Law of the People’s Republic of China,”
China’s relevant laws for ensuring data security mainly included the “Cyber-
security Law of the People’s Republic of China” and the “National Security
Law of the People’s Republic of China” [40]. Currently, China’s data security
policies focus on network security protection, personal privacy protection, data
cross-border flow, and security protection of open data platforms [41], while also
paying attention to data security governance. In the process of implementing
data security technical governance, we should make full use of blockchain tech-
nology [42], privacy-enhancing technology, data authentication technology, and
building national scientific data centers based on data alliances [43]. However,
maintaining data security is not only a technical issue but also a management
issue [44]. Therefore, we need to strengthen data security management gover-
nance, including establishing scientific data classification and grading standards
and systems, implementing data protection impact assessments, and improving
scientific data quality [15]. In the long run, data security is certainly impor-
tant, but data open sharing is the general trend, so we need to improve data
open guarantee mechanisms and find a balance between data opening and data
security [45].

4.8 Government Data

This theme focuses on the value, policy and standard systems, problems, and
countermeasures of government data opening. Government data opening mainly
refers to government agencies opening and sharing datasets they produce or
own within the scope of laws and regulations, which can be freely used by en-
terprises, citizens, researchers, etc., to create value for society [46]. Government
data opening has political, social, economic, and technical value [47]. Since
the State Council issued the “Outline for Promoting Big Data Development”
in 2015, central and local governments have formulated a series of data open-
ing policies involving data infrastructure implementation policies, data resource
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management policies based on the open government data lifecycle, and govern-
ment governance policies [48]. Domestic scholars are also interested in foreign
government data opening policies, regulations, and standards [49], as well as
cooperation models and construction experience [50]. Government data open-
ing and sharing need to pay attention to government data and metadata, data
management, data security and privacy, data rights and interests, and user par-
ticipation. To address these issues, we need to further standardize government
data opening approaches, strengthen copyright protection of government works,
improve functions of local government data opening platforms, and focus on re-
search on China’s government data opening standards, data quality control, and
user utilization [51].

4.9 Data Governance

This theme focuses on the definition, scope and types, existing problems, and
governance ideas and suggestions of data governance. Data governance is the
process of formulating standards, rules, policies, and implementing supervision
to ensure compliance with data management best practices [31]. In terms of
governance scope, data governance can be divided into global data governance,
national data governance, government data governance, and enterprise data
governance [52]. Since China’s relevant theoretical system of data governance is
not yet complete, many challenges and obstacles have been encountered in the
data governance process, with problems existing in institutional design, techni-
cal capabilities, human resources, management, and data [53], such as lagging
key big data technology research and development, unclear levels of data gov-
ernance systems, vague data sovereignty protection rights and responsibilities,
difficulties in realizing data production factor value, and risks to data security
and personal privacy [54]. To further implement data governance, we should
improve data quality, establish data transaction circulation systems, strengthen
data talent cultivation and data governance system construction, and set up
data governance steering committees and data governance advisory committees
[55].

Conclusion
Through analysis of the overall author cooperation network, quantity and struc-
ture of author cooperative groups, and author cooperative research content on
domestic scientific data open sharing, we find that: (1) After 2012, the number
of published papers, co-authored papers, and authors on domestic scientific data
open sharing all showed a growth trend, with more than half of journal and con-
ference papers being collaborative research outcomes. (2) The overall network
density of relevant author cooperation on domestic scientific data open sharing
is low, with strong dispersion and weak connectivity, indicating that scientific
data sharing and communication interaction among these authors face certain
obstacles. Both the size of the cooperative group to which authors belong and
cooperation frequency affect their betweenness centrality and closeness central-
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ity in the author cooperation overall network. (3) The domestic scientific data
open sharing research topic has formed 314 small cooperative groups comprising
1,197 co-authors, including 150 two-person groups, 84 three-person groups, and
other small groups, with the largest small group consisting of 102 people. These
cooperative groups present five topological structure patterns in the scientific
data open sharing topic author cooperation network: double-core, grid, bridge-
connection, star, and streamline, among which double-core and grid structures
are the main patterns. (4) Author cooperative research content on domestic
scientific data open sharing mainly covers nine sub-themes: big data, scientific
data, open sharing, data publishing, data management and governance, data
policy, data security, government data, and data governance, forming a series
of relevant theoretical viewpoints. With further development of scientific data
open sharing, new types of open sharing cooperative relationships and coopera-
tive research content may emerge in scientific research, which is worth continued
attention in future research.
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