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Abstract

[Purpose/Significance] The development of research data management services
in first-class university libraries is both a practical necessity for open scientific
exchange and collaboration, and an objective requirement for research data shar-
ing and utilization, while also representing an inevitable trend in adapting to
the construction of a first-class higher education system. [Methodology /Process|
Selecting representative first-class university libraries both domestically and in-
ternationally as samples, this study investigates the core supporting elements,
primary cyclical processes and content, key stakeholders and their rights and
responsibilities in the construction of their research data management services.
It deeply explores the experiences and challenges in their service construction
from an integrated Data Lifecycle-Stakeholder (DLC-SH) perspective. [Re-
sults/Conclusions] Based on the DLC-SH perspective, this paper proposes an
innovative framework for library research data management services in China,
oriented towards future first-class university construction. This framework is
governed by interconnected dimensions including macro-level top-level design
and policy planning, meso-level service pathway envisioning and foresight, and
micro-level service system construction and implementation, thereby providing
reference and guidance for subsequent research and practice.

Full Text
Abstract

[Purpose/Significance] The development of research data management ser-
vices in first-class university libraries is not only a practical necessity for open
scientific exchange and cooperation and an objective requirement for research
data sharing and utilization, but also an inevitable trend in adapting to the
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construction of a first-class higher education system. [Method /Process| This
study selected representative first-class university libraries at home and abroad
as samples, investigating their core supporting elements, main circulation pro-
cesses and content, and key stakeholders and their rights and responsibilities
in the construction of research data management services. From the perspec-
tive of integrating the data life cycle and stakeholders (DLC-SH), the paper
explores in depth the experiences and problems in their service construction.
[Result/Conclusion] Based on the DLC-SH perspective, this paper proposes a
renewal framework for China’s future library research data management services
oriented toward first-class university construction, comprising interconnected
aspects of macro-level top-level design and policy planning, meso-level service
path conception and prospect, and micro-level service system construction and
implementation, providing reference for subsequent research and practice.

Keywords: first-class university; research data management service; data life
cycle; stakeholder

Classification Number: G250
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Data-intensive research is emerging, and data-intensive scientific discovery has
gradually developed into the fourth paradigm of scientific research [1-2]. As
an important component of scientific research, research data serves as a crucial
resource, evidence, and driving force supporting research discoveries in digi-
tal humanities, evidence-based library science, and other fields. At present,
the scientific value of making research data findable, accessible, interoperable,
and reusable (FAIR), along with data science and research data management
services, has become a new theme and focus of international competition and
cooperation. For instance, in November 2019, the Committee on Data for Sci-
ence and Technology (CODATA) of the International Science Council released
the Beijing Declaration on Research Data [3], affirming the progress of research
data policies worldwide and articulating ten principles for advancing multilat-
eral cooperation in relevant fields. Countries and regions such as the United
States and the United Kingdom have established research data policies and
supporting management and service systems at national, funding organization,
research institution, library, and data center levels. In China, the Measures for
the Management of Scientific Data issued by the State Council in March 2018 [4]
elevated scientific data management and sharing to a national-level systematic
layout, establishing a “graded management, division of responsibilities” system.
The measures clearly stipulate that “universities and other legal entities are the
responsible subjects for scientific data management,” bearing responsibilities for
optimizing scientific data management services and accepting social evaluation
and supervision. This has fostered a two-dimensional architecture and system
combining the data life cycle (DLC) and stakeholders (SH), which this paper
terms the “DLC-SH perspective.”

In the era of data science, the industry must recognize the driving forces behind
the innovation of library research data management services oriented toward
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first-class university construction: it is both the practical need for open scien-
tific exchange and cooperation and the objective requirement for research data
sharing and utilization, as well as the inevitable trend of adapting to first-class
higher education system construction. University libraries have long been natu-
ral institutions for storing, disseminating, and utilizing data, information, and
knowledge resources. They possess certain advantages in research data resource
construction, management optimization, and service provision, and shoulder the
mission and responsibility of research data management services. Using them
as the core subject for research data management service construction offers
a favorable policy environment, theoretical support, and practical foundation,
making it feasible to use them as the starting point, breakthrough point, and
foothold for promoting first-class university construction. Based on this, this
paper takes university libraries—the core stakeholders of research data manage-
ment services—as the main subject, examining and revealing the landscape and
paths that need exploration in the practice of research data management ser-
vices in first-class university libraries at home and abroad from the DLC-SH
perspective, with the aim of providing reference for their service innovation and
high-quality development.

1. Literature Review and Brief Commentary

Research data management services represent a pathway for scientific research
to transform toward open access, open data, open science, and other new re-
search models [6]. With the continuous improvement of the data science and
open science-driven environment, and with the increasingly prominent core po-
sition and enabling role of data, the importance of research data management
services has become more pronounced, and data-enabled library science research
and practice have continued to gain momentum. Using multi-source data from
Google Dataset, Harvard Dataverse, and Figshare as evidence to analyze current
international library science research characteristics and frontier hotspots, the
results show that research data management and sharing will further become a
focus of attention for society and the library community, as well as a persistent
hotspot in library science research and practice [7].

Literature review reveals that current domestic and international research is
abundant but lacks deep integration of perspectives, concentrating mainly on
two viewpoints: First, the data life cycle perspective, such as Zhou Lihong
and H.A. Piracha, who summarized practical experiences of university libraries
in research data management service processes and proposed targeted recom-
mendations based on case analysis and surveys [8-10]. Second, the stakeholder
perspective, focusing on exploring the role positioning of university libraries in
research data management services [11-12], data librarian team building and
training [13-14], and data literacy education and user training [15-16]. Research
in the library and information science field combining data life cycle and stake-
holder perspectives mainly involves analysis of influencing factors in research
data sharing and interpretation of their roles, as well as the construction of
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research data management policy frameworks [17-18], with weak connections to
research and practice on research data management services in first-class uni-
versity libraries. Notably, adopting the integrated DLC-SH perspective as a
theoretical foundation to explore university library research data management
service construction is beneficial for promoting their development toward first-
class, high-quality directions from an integrated viewpoint.

In summary, scholars at home and abroad have conducted detailed analyses of
cognitive issues in university library research data management services from
different perspectives and dimensions, but several problems remain: First, the
conceptual confusion among scientific data, research data, and research data
needs to be clarified. The scopes of these three concepts have certain overlaps;
scientific data is strongly correlated with scientific and technological develop-
ment, while research data and research data are more strongly correlated with
research discoveries. The latter two can both be translated as “Research Data.”
The business scope of university libraries is to develop embedded research data
management services oriented toward research subjects and covering the full
research life cycle. Therefore, this paper collectively refers to them as research
data, while retaining original expressions when referencing peer scholars. Sec-
ond, research on university library research data management services is still in
its infancy, with few studies exploring the overall patterns of library research
data management services for first-class university construction from the DLC-
SH perspective. Literature review shows that research on research data manage-
ment services oriented toward first-class university construction has established
a certain foundation. For example, Chu Jiewang et al. consider scientific data
services as an important pathway for university libraries to achieve the “Double
First-Class” construction strategy [19]; Cui Haiyuan et al., using Peking Uni-
versity Library as an example, explored first-class research data management
services supporting user needs for data-driven research paradigms, including
practical aspects such as research outcomes, framework design, construction
experience, and service effectiveness [20]; Guo Jiaxin et al., by analyzing typi-
cal Data Curation (DC) projects and practical activities abroad, proposed new
ideas for scientific data management in China’ s “Double First-Class” univer-
sity libraries from three aspects: management objectives, platform construction,
and team building [21]. The above research points the way for this paper to
expand to multi-sample, multi-dimensional research covering diverse stakehold-
ers and the full life cycle process of first-class university library research data
management service construction.
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2. Investigation and Analysis of Current Status of Research
Data Management Services in First-Class University Li-
braries

2.1 Survey Design

The survey samples for this study were representative first-class university li-
braries at home and abroad. For the international sample, we selected the
libraries of the top 30 world-class universities from the 2019 Academic Rank-
ing of World Universities (ARWU) published by Shanghai Ranking [22]. For
China, we selected the libraries of the 42 “Double First-Class” construction
universities from the list published by the Ministry of Education, Ministry of
Finance, and National Development and Reform Commission [23]. Both groups
are collectively referred to as first-class university libraries. The rationale for
sample selection is that the construction of research data management services
in these libraries is inseparable from first-class university construction. On the
one hand, both lists use indices such as scientific research, technology R&D, and
cultural leadership as meta-indicators with relatively high weights [22-23]. On
the other hand, preliminary research shows that first-class university libraries
tend to have relatively developed research data management services with rich
practical experience. For instance, libraries at first-class universities such as
Harvard University, Stanford University, Peking University, and Wuhan Uni-
versity have all formed relatively scientific and reasonable service processes and
systems.

The focus of the integrated DLC-SH perspective is to clarify the division of
responsibilities among stakeholders in each stage of the full data life cycle. Ac-
cording to statistics from the “Data Life Cycle Models and Concepts” published
by the Committee on Earth Observation Satellites (CEOS) in April 2012 [24],
there are already more than 55 different types of data life cycle models globally.
Based on preliminary research and drawing on main components of internation-
ally renowned data life cycle models and Sheng Xiaoping et al.” s classification
of stakeholders in scientific data open sharing [25], this paper constructs an inte-
grated DLC-SH perspective-based university library research data management
service model (see Figure 1 [Figure 1: see original paper]).

As shown in Figure 1, the integrated DLC-SH perspective-based university li-
brary research data management service model involves 4 stages, 8 processes,
and several stakeholders. The research approach is as follows: Survey indica-
tors cover core supporting elements, mainly including relevant policies, techni-
cal tools, and talent teams; main service circulation processes and content from
the data life cycle perspective, namely 4 stages and 8 processes of planning,
management, sharing, and utilization; and key stakeholders and their rights
and responsibilities from the stakeholder perspective, such as sorting out stake-
holders oriented to user needs and their service provision forms. From the
integrated DLC-SH perspective, using methods such as web surveys and liter-
ature research, and obtaining relevant information through search engines, site
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search boxes, emails, and telephone consultations, this paper summarizes and
concludes various indicator data and content to provide evidence support for
the research.

2.2 Survey Results Analysis

2.2.1 Analysis of Core Supporting Elements Core supporting elements
such as research data policies, technical tool resources, and talent teams are
the basic conditions for the development of research data management services
in first-class university libraries. Optimizing these core supporting elements
from the DLC-SH perspective is conducive to achieving the goal of high-quality
development of research data management services linking multiple stakeholders
and covering the full data life cycle process.

(1) The formulation and implementation of research data policies provide a
legal environment guarantee for the construction of research data man-
agement services in first-class university libraries. The survey shows that
a total of 18 research data policies were formulated by 16 domestic and
foreign university libraries in the samples, with only Wuhan University
in China formulating the Standards and Specifications for Scientific Data
Management in Universities [26]. The core stakeholders in policy formula-
tion are universities and their libraries, with common naming conventions
including service guidelines and management, sharing, and publishing poli-
cies. The published policy frameworks and content have the following
characteristics: They tend to organize policies from the data life cycle
perspective, involving business processes such as data creation and orga-
nization, preservation and archiving, publishing and sharing, analysis and
citation, security and supervision, which basically match the integrated
DLC-SH perspective-based university library research data management
service model; Formulating research data policies from the DLC-SH per-
spective has become a trend, with conclusions similar to Xing Wenming et
al.” s research findings [18], namely that in addition to work content within
data life cycle stages, they also involve core stakeholders and their division
of rights and responsibilities. For example, the Imperial College Research
Data Management Policy [27] clearly specifies the library’ s responsibilities
and roles in providing research data management literacy training, gen-
eral DMP templates, and data repositories; To some extent, they neglect
the rights and responsibilities statements and policy norms for libraries as
the most important stakeholders, with only the Oxford University Library
formulating the Oxford University Library Research Data, Records Man-
agement and Preservation Policy, which specifies specific responsibilities
such as data storage and data literacy training (e.g., ORA-Data service
training) [28].

(2) Technical tools provide software support for the construction of research
data management services in first-class university libraries under digital
transformation. Based on the 10 major research stages divided by the
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Center for Open Science (COS) “Open Science Framework” [29] and the
research data management service model constructed in this paper, the
author sorted out the provision of more than 520 types of technical plat-
forms and over 320 types of tool resources by domestic and foreign first-
class university libraries. Representative applications are shown in Table
1 and Table 2 . The applications have the following characteristics: In
terms of technical platforms, they mainly include four forms: disciplinary
data repositories, general storage platforms, cloud backup platforms, and
self-developed platforms. Platform development and application in foreign
sample libraries are more extensive, with advantages such as good applica-
tion environments, diverse types, and coexistence of personalization and
standardization. In China, platform construction and application are rel-
atively lagging, characterized by “few platforms that have not yet formed
scale,” with deficiencies such as single funding sources, lack of open source
and cooperation concepts, and incomplete platform service functions [30].
In terms of tool resources, foreign supply focuses on embedding the full
research life cycle and offers rich types. Based on data life cycle stages
and main functions, they can be categorized into tools for basic environ-
ments, DMP and data collection, description, naming, transfer, security,
publishing, cleaning, mining, analysis, visualization, citation, and verifi-
cation. Domestic tool resource development and application are limited
to data analysis, visualization, and citation, with problems such as weak
open source awareness, partial application that deviates from the data
life cycle process, and an urgent need to clarify the relationship between
“more and comprehensive” versus “less and refined.”

(3) Talent team building is also an important foundation for the development
of research data management services in first-class university libraries.
Among them, data librarians, platform staff, and peer reviewers are the
most critical stakeholders. The May 2017 report SPEC Kit 354: Data
Curation released by the Association of Research Libraries (ARL) pointed
out: “The staff quality level of 124 ARL member libraries has some mis-
match with their interest in and demand for data management services,
with most libraries not having dedicated data management positions” [31].
The survey results on data management position setting, structure, and
responsibilities in the samples basically align with the ARL report con-
clusions. Data analysis reveals that a total of 24 libraries in the sample
clearly established positions in full-time (13 libraries), part-time (15 li-
braries), or parallel forms, with 7 adopting the method of linking subject
librarians, mainly providing services such as DMP writing assistance, data
storage and organization, and data literacy cultivation. In Chinese sam-
ples, library data librarian allocation is even more scarce, with relatively
simple position responsibilities. For example, only three first-class univer-
sity libraries—Peking University, Wuhan University, and Fudan Univer-
sity—explicitly employ data librarians responsible for information literacy
and data consultation services [8, 20]. Additionally, domestic and foreign
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technical platforms mainly link to disciplinary data repositories and gen-
eral repositories, and many university libraries self-develop or secondary-
develop technical platforms based on open source or commercial software,
usually equipped with professional staff and peer reviewers responsible for
full life cycle research data management services. For example, Harvard
University’ s “Dataverse” project, which is favored by the international
data management field and has become a platform for many university li-
braries, is developed based on an open source architecture, in collaboration
with Simon Fraser University and Stanford University to build the Public
Knowledge Project, and works with its developers and data librarians to
develop and maintain the “OJS Dataverse” plugin to support double-blind
peer review, editing, publishing, and dissemination of journal articles and
accompanying research data [32]; platform staff in China relatively lack
the ability to assist in DMP formulation and data review.

2.2.2 Analysis of Main Circulation Processes and Content The main
circulation processes of library research data management services oriented to-
ward first-class university construction include four stages and eight processes:
planning, management, sharing, and utilization. The following analysis focuses
on the core stakeholder—university libraries—and their service circulation pro-
cesses and main content.

(1)

Planning Stage. The main implementation method in the planning stage
is formulating a Data Management Plan (DMP) to guide all or part of the
data life cycle management work. A DMP describes the plan for handling
data during a research project from implementation to completion, includ-
ing stakeholders such as libraries and researchers; a DMP submitted for
peer review can serve as a primary indicator and basis for evaluating re-
search projects [33]. The survey shows (see Table 3 ) that all 28 foreign
sample libraries clearly provide DMP services, while domestic exploration
of DMP content elements is almost nonexistent [34]. Foreign sample li-
braries mainly provide DMP services through tools and templates, with
main components including data collection, organization and description,
storage and backup, sharing and reuse, rights and security, and DMP roles
and responsibilities.

Management Stage. The core task of the management stage is data
creation and storage. The survey results show (see Table 4 ) that related
services in foreign libraries have richer connotations, while China mainly
focuses on providing data storage services. The core points of research data
creation include naming and organization, metadata description, format
specification, and version control. The focus of research data storage lies
in classification level specification, security review, data repositories, data
backup, and data transfer. For example, Harvard University Library’ s
Research Data Management @ Harvard project focuses on data collection,
storage, and security, and provides best practice guidance and tool support
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[35].

(3) Sharing Stage. In the sharing stage, clarifying the open publishing
model for university library research data sharing is a prerequisite for data
analysis and reuse. Based on the current practice of first-class university
libraries at home and abroad, as well as A. Sarretta’ s Research Data
Life Cycle [36] and A. Pablo et al” s LERU Roadmap for Research Data:
Research Workflow € Data Publishing Life Cycle Model [37], this paper
optimizes a research workflow-oriented research data publishing and shar-
ing life cycle model for first-class university libraries (see Figure 2 [Figure
2: see original paper|). The survey found that university library research
data publishing and sharing services mainly involve processes such as data
collection, description and organization, publishing and distribution, and
reuse and evaluation. Under optimal conditions, these should run through
the three processes of research, publishing, and supervision. However, cur-
rently few sample libraries at home and abroad comprehensively involve
this entire process. University library research data publishing and sharing
services mainly have three models: data storage and sharing, publishing
and distribution, and archiving and sharing.

(4) Utilization Stage. The utilization stage mainly provides data analysis
and reuse, evaluation and verification services for research users. The
former aims to maximize data value, while the latter helps purify the aca-
demic environment and feeds back into research output [8]. The survey
shows (see Table 5 ) that domestic and foreign sample libraries’ provision
of research data analysis and reuse services concentrates on specialized
services such as analysis and statistics, visualization, retrieval and discov-
ery, and citation. Among them, analysis and statistics and visualization
services emphasize tool resource provision and service training and consul-
tation; all first-class university libraries with technical platforms provide
retrieval and discovery services; data citation services place greater empha-
sis on establishing relevant guidelines, standards, and norms, as well as
developing and applying data citation tools. For example, MIT Libraries’
Citing Sources: Data includes relevant reference standards for citing data
resources [39].

Research data evaluation and verification services include the following ap-
proaches: collaborating with Institutional Review Boards (IRB), Data Trust
Council (DTC), and other organizations to evaluate and review whether research
data complies with ethical norms, such as Johns Hopkins University Library’ s
establishment of the JHM Data Trust Council and issuance of data sharing poli-
cies [40]; constructing quality assurance and control frameworks based on factors
such as completeness, validity, and accuracy, and providing relevant guidelines
and standards, such as Yale University Library’ s Framework for Assessing
Data Quality in Clinical Research Datasets [41]; using DMPs to evaluate and
test data to identify quality issues during data collection and preservation, such
as using DMP Tool and RSAM systems to assess risks and compliance in data

chinarxiv.org/items/chinaxiv-202304.00702 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00702

ChinaRxiv [$X]

management and sharing processes for risk identification and appropriate regu-
latory strategies; and emphasizing training in research data verification, such as
Cambridge University and Yale University libraries’ attention to data archiving
review and belief that libraries should participate in verifying the integrity of
research data [8].

2.2.3 Analysis of Key Stakeholders and Their Rights and Responsibil-
ities As mentioned earlier, the core stakeholders in first-class university library
research data management service construction include government, research
and funding agencies, universities and their research management departments,
libraries and archives, data centers, publishers and platforms, researchers, and
service personnel, who bear different rights and responsibilities in policy for-
mulation, data life cycle process management, technical tool development and
application, and talent team building (see Table 6 ).

From the perspective of service provision and utilization, data librarians and
researchers are the most important stakeholders. The survey shows that the
main forms of service provision by first-class university libraries oriented to re-
search user needs include reference consultation, data literacy cultivation, and
service quality control, which are guaranteed through the data librarian system.
Typical cases of reference consultation services include Columbia University Li-
braries’ implementation of Research Data Services Consultation Guidelines [42];
the Digital Scholarship Section (DSS) of the Association of College and Research
Libraries (ACRL) established collaborative research data reference consultation
services through the “Research Data Q" community Q&A platform [43]. In
terms of data literacy cultivation, foreign service patterns show characteristics of
“demand-oriented and focused,” mainly including course training and workshops
(25 libraries) and online training and tutorials (9 libraries). For example, some
libraries link to the Research Data Management Librarian Academy (RDMLA),
providing training on research data management fundamentals, research data
culture navigation, data analysis and visualization tool overviews, and coding
tool introductions [44]. In contrast, although Chinese sample libraries attach
high importance to data literacy cultivation, they suffer from problems such
as complicated training forms but insufficient depth, failure to form integrated
training systems and regular training mechanisms, and relatively neglecting data
librarian talent cultivation and literacy training [15]. Additionally, introducing
Data Quality Control Plans and Checklist Management Systems are major in-
novative measures by foreign first-class university libraries to promote research
data management service quality control, focusing on data quality control and
management quality control respectively, while exploration in this area is rela-
tively rare in China.
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3. Innovation Framework for First-Class University Library
Research Data Management Services

In the new open society, data has become an important production factor driving
innovation, research, and social governance [45]. Through investigation, this pa-
per summarizes some achievements in the construction of research data manage-
ment services in some first-class university libraries at home and abroad from the
DLC-SH perspective: the legal environment is continuously improving, and ser-
vice provision is gradually diversifying; technology leads data enablement, with
novel and diverse service forms; personnel team allocation is relatively scientific,
and service rights and responsibilities division is basically reasonable; multiple
measures are taken for literacy cultivation, and multi-pronged approaches are
implemented for service supervision.

Meanwhile, some global and non-negligible problems also exist, manifested in
the partial disconnect between policies and services, with unclear core position-
ing of stakeholders; one-sided technology application, with the relationship be-
tween personalization and standardization needing clarification; personnel quan-
tity and quality still not meeting standards, with mismatches between team
allocation and service demand; backward training and supervision mechanisms,
with an urgent need to improve service quality evaluation systems. Overall,
the construction of research data management services in Chinese university
libraries is relatively weak, with problems such as unclear “first-class” goal po-
sitioning, failure to embed into the research data life cycle and associate with
multiple stakeholders, few relevant practical cases, scarce technical platforms
and tool resources, and imperfect standards, norms, and talent teams [21].

Library renewal must consider environmental changes, fundamental develop-
ment, and innovative strategies [46]. The realization of university libraries’ con-
tribution to the “Double First-Class” university construction strategy cannot be
separated from first-class university library services [19]. In view of this, Chinese
university library research data management service construction should seize
the opportunity. Based on the constructed research data management service
model, the division of key stakeholders and their rights and responsibilities (see
Figure 1 and Table 6), and survey analysis, this paper argues that the integrated
DLC-SH perspective should serve as the theoretical and practical basis, bench-
marking the “Double First-Class” construction goals, and actively planning from
three interconnected aspects: macro-level policy formulation and improvement,
meso-level service path conception and prospect, and micro-level service system
construction and implementation, to boost the renewal, transformation, and
development of first-class university library research data management services.

3.1 Macro Level: Research Data Policy Formulation and Improve-
ment

3.1.1 Formulating Reference Frameworks for University and Library
Research Data Policies Formulating and implementing standardized and
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normalized policies helps ensure controllable quality of university library re-
search data management services. It should be a priority for governments, uni-
versities, and their libraries to lead the formulation of reference frameworks for
research data policies to guide the formulation and improvement of implementa-
tion rules and provide established reference standards. This is not only a clear
requirement of the Measures but also the correct development direction guided
by practical experience in Europe, America, and other regions. For example,
Article 9(2) of the Measures stipulates: “Universities and other legal entities
have the responsibility to establish and improve their own scientific data-related
management systems” [4]; the League of European Research Universities (LERU)
released policies such as the LERU Statement on Open Research Data [47] and
LERU Roadmap for Research Data [48] to guide and standardize participation
by research, education, and information institutions in research data manage-
ment service construction. Drawing on representative policy outlines/templates
such as the Qutline of Research Data Management Policy for Australian Uni-
versities/Institutions [49], the UK’ s Five Steps to Developing a Research Data
Policy [50], and Switzerland’ s Research Data Management Policy Template [51],
as well as the research data policy frameworks of sample university libraries, this
paper proposes a reference framework for Chinese university and library research
data policies from the DLC-SH perspective (see Table 7).

3.1.2 Ensuring Smooth Implementation of University and Library Re-
search Data Policies On the one hand, reference frameworks for university
and library research data policies should be used to construct standardized and
normalized implementation policies and mechanisms from the DLC-SH perspec-
tive. In research data management and sharing, legal and policy frameworks
for the full data life cycle process can be strengthened at the macro level, with
specialized implementation groups or committees established to guide, evaluate,
and supervise university library research data management and sharing work.
Policies should clarify the core position, role, and specific rights and responsibili-
ties of university libraries in the research data management service construction
process to meet first-class university construction needs. On the other hand,
research data management and service-driven policies should be formulated
and implemented, focusing on identifying, breaking through, and regulating
obstacles and risks in research data management and sharing from the DLC-SH
perspective, supporting first-class university library research data management
service construction. The policy environment for collaborative driving of per-
sonalized and standardized services should be improved to promote scientific
openness and technological open source, empowering the construction of more
open, diverse, inclusive, and competitive first-class university library research
data management services.

3.2 Meso Level: Service Path Conception and Prospect

3.2.1 “Motivation and Rights/Responsibilities” Support: Adjusting
and Improving Service Division First-class university libraries at home
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and abroad usually clarify work priorities at each data life cycle stage and stan-
dardize the division of rights and responsibilities among stakeholders in research
data policies, management systems, and data librarian job descriptions. The
motivation for research data management service construction comes from peo-
ple, with clear rights and responsibilities as the basic guarantee. Therefore, fu-
ture innovation in Chinese library research data management services oriented
toward first-class university construction should be supported by “motivation
and rights/responsibilities” to adjust and improve the division of research data
management services. Explorable paths include:

First, actively clarifying the rights, responsibilities, and division of labor among
stakeholders in the research data life cycle process, especially the core position-
ing and rights/responsibilities of university libraries. On the one hand, specific
responsibilities of stakeholders centered on university libraries can be standard-
ized in Research Data Management Service Guides (LibGuides). On the other
hand, the specific responsibilities and division of labor for service personnel such
as data librarians, platform staff, and peer reviewers at each data life cycle stage
should be standardized.

Second, adjusting and improving missing or weak research data management
service processes and stakeholder division based on the data life cycle model to
help achieve seamless connection of the full research data management service
life cycle process, overcoming the one-sidedness of Chinese university library
research data management service construction oriented toward the full data
life cycle process.

3.2.2 “Humanities and Technology” Drive: Integrating and Re-
constructing Service Processes First-class university library research
data management service construction is far from being a single technology
“wisdom.” Falling into the narrow domain of “technology supremacy” will lead to
unsustainable research data management and service construction. Therefore,
future innovation in Chinese library research data management services should
be driven by “humanities and technology” to integrate and reconstruct service
processes. The design concept of “service-oriented, technology-enabled” should
be adhered to, continuously integrating and reconstructing service processes
covering the DLC-SH perspective.

First, uphold the value pursuit of “goodness and excellence” in concept. Em-
phasize the cultivation of data, information, and humanistic literacy for both
research users and service personnel, permeating the concept of “people-oriented,
service-first”throughout the data life cycle process to supply data-driven services
and continuously enrich service content. Simultaneously, “technology as a tool”
should not be neglected—attention should be paid to the development and appli-
cation of technical platforms and tool resources covering the full data life cycle
process.

Second, emphasize business process reengineering for university library research
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data management. University libraries and other stakeholders should actively
learn from foreign experiences, follow principles such as embedding into the
full spectrum of research processes and full data life cycle flow, placing users
at the center of research data management business processes, and prioritiz-
ing the reengineering of key research data management processes. They should
transform from “document flow” to “data flow” and “service flow” to optimally
configure and link business processes such as university library research data
management, sharing, and reuse. Meanwhile, university libraries and other
stakeholders should update service processes and architectural design accord-
ing to the purposes of open scientific exchange and cooperation, research data
sharing and utilization, and adaptation to first-class higher education system
construction.

3.2.3 “Demand and Innovation” Leadership: Organizing and Reshap-
ing Service Patterns Facing the development goals of first-class university
construction, “demand and innovation” will remain the core driving force for
continuously leading, organizing, and reshaping the service patterns of Chinese
university library research data management service construction. Chinese uni-
versity libraries should continuously organize and reshape the “trinity” service
elements of data resources, stakeholders, and data services, driving continuous
innovation and research communication through demand discovery.

First, elevate the supply and utilization of research data resources to a strategic
level. Avoid falling into the shallow “pushing resources” trap; explore using
artificial intelligence to generate metadata, and employ ontology and semantic
web technologies for metadata creation, linked data, and knowledge discovery
analysis to achieve fine-grained data and knowledge unlocking and organization,
deeply revealing and mining the knowledge and data mechanisms of data, liter-
ature, and other information resources [7], and effectively improving the quality
of data resource supply.

Second, conduct demand cognition surveys and analysis of research data man-
agement services for multiple stakeholders and users from different disciplines to
deeply grasp the data needs and behavioral manifestations of various stakehold-
ers, such as referencing the ARL’ s detailed analysis of the match between data
librarians’ quality levels and their interest in and demand for data management
services [31].

Finally, innovate forms of research data management services. Innovation in
Chinese library research data management services oriented toward first-class
university construction should enhance the development level of core supporting
elements from multiple aspects including legal policies, resources, management,
technology, and talent, reshape service mechanisms from the integrated DLC-
SH perspective, and drive services toward high-quality innovative development,
demonstrating the value of libraries as “data centers” and “data spaces” for
co-located and cross-domain collaboration.
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3.3 Micro Level: Service System Overall Construction and Implemen-
tation

3.3.1 Enriching Service Content: Emphasizing Literacy Training and
Cognitive Promotion Micro-level institutional research data management
service content should at least involve the 4 stages and 8 processes of the inte-
grated DLC-SH perspective-based university library research data management
service model constructed in this paper.

In the planning stage, DMP formulation should be elevated to strategic deploy-
ment and the work agenda. Explorations can be made to formulate and im-
plement universal DMP guidelines, introduce and develop DMP tools adapted
to the specific needs of Chinese university library research data management
services. Researchers can also follow W. K. Michener’ s Ten Simple Rules for
Creating a Good Data Management Plan for DMP writing [33].

In the management stage, scientific basic work should be done well for research
data creation and storage, including naming and organization, metadata descrip-
tion, format specification, version control, and data classification level specifi-
cation, security review, data repositories, data backup, and data transfer. For
example, multiple stakeholders including university libraries can refer to E. M.
Hart et al.’s Ten Simple Rules for Digital Data Storage for data creation and stor-
age [52]. Given the dynamic and composite nature of data, university libraries
can consider matching it with dataset semantic vectors, using timestamps to
mark the stage of the data in the life cycle, and analyzing logical relationships
between datasets and within different data elements according to dataset gran-
ularity standards [8].

In the sharing stage, key issues such as data integration, identification, citation,
and review in the process of university library research data OA publishing and
sharing should be emphasized to build a data publishing ecosystem and quality
control system [38, 53]. One-stop data integration should be achieved to real-
ize data sequential organization and promote data reuse and scientific research
innovation. Reference should be made to the national standard Information
Technology—Scientific Data Citation (GB/T 35294-2017) [54] to assign unique
permanent identifiers to data, adopting a strategy that emphasizes both data
identification and author identification. The formulation of university library
research data citation guidelines and standards and the development and appli-
cation of related citation tools should be strengthened to ensure clear intellectual
property rights. Intelligent review after data publication should be conducted
using automated means [55] to ensure data quality is controllable.

In the utilization stage, professional data analysis and mining, evaluation and
verification services should be provided. A unified data integration and retrieval
platform can be established jointly with the university library community, such
as learning from Google Dataset’ s practice of building an open data ecosystem
to achieve intelligent connection, knowledge graph coordination, and intelligent
ranking and retrieval of data [56]. Alternatively, technologies such as the OAI-
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PMH protocol, Multi-Agent cross-database retrieval, and semantic association
can be used to achieve data integration organization, harvesting and exchange,
and unified retrieval. Based on data librarians, precise research data analysis
and reuse services embedded in research/teaching teams and workflows should
be provided. Data quality evaluation and verification work should be done well
to ensure that research data and services provided by university libraries have
enabling, empowering, and evidentiary functions.

In addition to enriching service content, innovation in library research data man-
agement services oriented toward first-class university construction also needs to
emphasize literacy training and cognitive promotion. University libraries should
strengthen training on specific business within the above processes to keep pace
with global development, enabling business work to adapt to user needs and
allowing researchers and other stakeholders to understand and support service
work. Cognitive promotion and library image building should be emphasized
through news media, social networks, and other forms to promote university
library research data management services through combinations of reality and
virtuality, intra-library and inter-library, and domestic and international chan-
nels.

3.3.2 Expanding Service Approaches: Strengthening Technical Tool
Development and Application

(1) Establish a Rational Open Source Concept and Strengthen
Multi-party Incentive Mechanisms. The Chinese university library
community should uphold a rational open mindset, adopt an “open,
low-barrier” cooperation model while strengthening independent research
and development capabilities for scientific openness and technological
open source, and independently build a new open source ecosystem.
Technology should be used wisely and guided toward goodness, empha-
sizing instrumental rationality and value return to achieve autonomous
control of data openness and technological open source [57]. Multi-party
incentive mechanisms for technical tool development and application
should be strengthened, with funding, software and hardware facilities,
performance evaluation support, and policy incentives driving the main-
tenance and updating of technical platforms and tool resources. Review
and supervision mechanisms should be established to control technical
tool development and application from multiple angles.

(2) Focus on Data Life Cycle and Functional Integrity in Techni-
cal Platform and Tool Development and Application. Based on
clarifying the relationships between “personalization” and “standardiza-
tion” and between “more and comprehensive” and “less and refined,” focus
should be placed on driving technical tool development and application
from the perspective of data life cycle and functional integrity. First, em-
phasize functional integrity in self-developed or secondary-developed plat-
forms, and conduct system selection based on system characteristics and
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first-class university and discipline construction needs. Second, conduct
scientific positioning, set limited goals, and implement gradually. Third,
develop and apply technical tools based on the data life cycle process, pur-
suing “specialization and refinement” in functions on the basis of ensuring
“completeness”in types, and encouraging multiple stakeholders such as uni-
versity libraries to develop and apply tool resources for DMPs and data
collection (including metadata harvesting and exchange), publishing, ci-
tation, etc. Finally, do well in the selection of technical tools, selectively
providing technical platforms and tool resources adapted to multi-stage
and multi-disciplinary needs, along with relevant usage training tutorials.
In short, traditional reference consultation and subject service methods
should be combined with technical platform and tool development and
application to expand service approaches.

3.3.3 Integrating Service Teams: Broadening the Breadth and Depth
of Embedded Services

(1) Properly Handle the Relationship Between “Quantity”’and “Qual-
ity” in Service Team Building. To adapt to the development needs of
universities’ “large disciplines” and “small disciplines,” an appropriate
number of high-quality subject data librarians should be allocated, and
an embedded data librarian service system in research workflows and re-
search data life cycles should be explored. A high-level technical tool
development and service team should be built with funding and software
and hardware facility support. Attention should be paid to peer reviewers’
scientific evaluation, knowledge reserves in data structure and metadata
standards, and their time and energy costs. The core competitiveness
of data librarians, platform staff, and peer reviewers should be enhanced
through education, training, and promoting the self-development of pro-
fessional groups to improve user satisfaction [58].

(2) Achieve Scientific Position Allocation and Clear Rights/Responsibilities
for Research Data Management Positions. Specifically, the special-
ization of data librarian positions needs to be promoted, with flexible data
management position settings tailored to each library’ s circumstances.
The “embedded,” “fluid,” and “collaborative” characteristics of research
data management service team building should be grasped to promote
data librarians becoming high-level academic partners. Attention should
be paid to the diverse disciplinary backgrounds of service personnel
and their scientific allocation and rights/responsibilities definition, with
professional skills and competency training conducted according to job
responsibilities, emphasizing talent cultivation and absorption oriented to
service demand [59-60].

3.3.4 Strengthening Service Supervision: Promoting Standardized
Evaluation and Service Effectiveness Improvement Service supervision
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and evaluation can identify weak links, optimize research data management
service construction paths, and promote virtuous cycles in research data man-
agement services. The supervision and evaluation of first-class university li-
brary research data management services in China is a relatively weak link in
the data life cycle stage. An explorable path is combining self-evaluation with
multi-stakeholder supervision and evaluation. Internationally, existing research
data management service self-evaluation models mainly include the CMM model,
DMM model, and RISE-DE evaluation model. In China, Dang Hongli et al. ref-
erenced the DMM model to measure library data management capabilities from
five aspects: basic capability and data service, security, technology, and envi-
ronment capabilities [61-62]. China’ s first-class university construction-oriented
research data management service evaluation can learn from the more advanced
RISE-DE self-evaluation model to build a maturity evaluation model and eval-
uation indicator system suitable for national and institutional conditions, iden-
tifying gaps, addressing weaknesses, and promoting innovation according to
first-class university construction needs. Additionally, on the basis of introduc-
ing Data Quality Control Plans and Checklist Management Systems, attention
should be paid to combining them with multi-stakeholder supervision and eval-
uation methods to promote standardized evaluation and service effectiveness
improvement.
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