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Abstract
[Purpose/Significance] In the era of big data recommendations, library infor-
mation presentation channels have shifted from offline physical entities to on-
line digital platforms, during which the usage frequency of scientific data has
exhibited exponential growth. This study aims to analyze the intrinsic mech-
anism through which the service guarantee of intellectual property rights for
scientific data influences the development of digital libraries. [Method/Process]
Based on the questionnaire survey method, a questionnaire was administered
to highly educated groups. The survey yielded 252 valid samples, and con-
firmatory factor analysis was employed for testing. The results revealed that
the reliability of each questionnaire factor ranged between 0.724~0.913, and the
questionnaire demonstrated good validity through confirmatory factor analysis
testing. [Results/Conclusion] Five categories of factors—policy and regulation
implementation efficiency, talent team construction, data management technol-
ogy, service model diversification, and the number of data property rights shar-
ing agreements—significantly and positively influence scientific data intellectual
property services. Based on these findings, five optimization strategies are pro-
posed for libraries in the field of scientific data intellectual property services.
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Abstract: [Purpose/Significance] In the era of big data recommendations, li-
braries’ information delivery channels have shifted from offline physical entities
to online digital platforms, during which the frequency of scientific data usage
has exhibited exponential growth. This study aims to analyze the internal mech-
anisms through which intellectual property rights (IPR) service guarantees for
scientific data influence the development of digital libraries. [Method/Process]
Based on questionnaire surveys, we conducted a survey of highly knowledge-
able groups, obtaining 252 valid samples. The reliability of questionnaire fac-
tors ranged between 0.724 and 0.913, and confirmatory factor analysis verified
that the questionnaire demonstrated good validity. [Results/Conclusions] Five
factors—policy and regulation implementation efficiency, talent team building,
data management technology, service model diversification, and the number
of data property rights sharing agreements—all significantly and positively in-
fluence scientific data IPR services. Based on these findings, we propose five
optimization strategies for libraries in the field of scientific data IPR services.

Keywords: algorithm era; scientific data; intellectual property rights; talent
team construction; service quality

1 Research Background
In the information age, particularly in the algorithm era, libraries must provide
services such as information retrieval, data source provision, and data analysis
[2]. Simultaneously, libraries face challenges related to data security and pri-
vacy protection. The high-frequency characteristics of data usage have made
information collection and utilization easier, but have also introduced numer-
ous privacy and security risks [3]. With the development of the internet and
social media, access to information has become more diversified and convenient,
requiring libraries to meet increasingly diverse and personalized user demands.
As the scale of data in library information services continues to expand, the dif-
ficulty of providing broader information resources and more intelligent services
has increased [1].

Scientific research data, as an important information product, constitutes a
crucial knowledge resource for promoting scientific research and technological
development. As the scale and importance of scientific data continue to grow,
IPR protection issues in library information services have become increasingly
prominent. Effective IPR protection can safeguard the innovation motivation
and research enthusiasm of knowledge creators, thereby promoting scientific
research and technological development [19]. Scientific data is typically held
and managed by data creators, providers, and other stakeholders who have the
right to protect their data resources and legitimate interests [20]. In the digi-
tal era, library scientific data IPR services have concentrated on issues such as
weak service awareness, unclear management standards, and low service qual-
ity [29]. Current research on scientific data IPR protection primarily focuses
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on insufficient legal constraints, inconsistent implementation standards, inad-
equate regulatory and protection measures, and insufficient awareness among
data owners and managers [21-23].

2 Literature Review
2.1 Algorithm Applications and Definitions in Library Services

2.1.2 Research on Library Service Development in the Algorithm Era
In the field of library information services, research on algorithm applications is
abundant both domestically and internationally, primarily focusing on three as-
pects. First, machine learning algorithms applied to library recommendation ser-
vices, represented by automatic navigation algorithms for library book-finding
robots [8] and book recommendation systems based on library loan records and
bibliographic information [9]. Second, big data mining algorithms applied to
library personalized services, represented by intelligent library big data system
design [10] and user clustering analysis for targeted services [11]. Third, cloud
computing algorithms applied to library security construction and data preser-
vation services, represented by improved encryption algorithms for cloud com-
puting user privacy protection [13] and multi-model data preservation systems
based on algorithmic cloud computing [14].

However, existing research has primarily focused on the positive impacts of
algorithms on library services, with less attention paid to potential risks and
preventive measures. Few studies have examined IPR issues related to scientific
data in libraries during the algorithm era. This study employs quantitative
methods to explore the influencing factors of library scientific data IPR service
quality and propose targeted optimization strategies.

2.1.1 Algorithm Definition and Connotation In contemporary society,
algorithm definitions span multiple disciplines, primarily involving computer sci-
ence and information communication. With technological advancements, algo-
rithms have evolved from computer-related terms to 演绎 data involving artificial
intelligence and human society, acquiring richer connotations. Algorithms are
generally defined as instructions for solving specific problems, manifested as log-
ical code sequences that produce controlled results. Two main interpretations
exist: tool-based algorithms referring to computer science concepts, and power-
based algorithms referring to algorithms utilized by social power to achieve value
orientations, shaping society, culture, and even acquiring status as truth [7]. In
library-related fields, algorithms primarily refer to the tool-based connotation.
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2.2 Scientific Data and Intellectual Property Protection in the Algo-
rithm Era

2.2.1 Scientific Data and IPR Protection Scientific data refers to data
related to scientific research. Domestic scholars define scientific data as research
data in digital form, including data stored on computers and other types of data
convertible to digital form [15], encompassing various data generated during
scientific research activities [16]. International definitions consider scientific data
to encompass broad categories, including raw experimental results, graphics,
digital drafts, result data, and derivative data obtained during research [18].

The importance of scientific data IPR protection has garnered academic atten-
tion. Effective IPR protection safeguards data resources from unauthorized
use, preventing legal confusion and significant economic losses [20]. Specific
protection measures include national regulations such as China’s “Measures for
Scientific Data Management” (2018), “Digital China Construction Development
Strategy” (2019), and “Several Policy Measures for High-Quality Economic De-
velopment” (2019), which positioned digital data as a production factor [24].
In library practice, scientific data IPR services include patent database cus-
tomization, patent novelty searches, IPR training, and consultation services
[26]. However, current services primarily focus on result data and research data
patent applications, with insufficient specialized services for process data and
derivative data [33].

2.2.2 Scientific Data IPR Service Content and Quality Influencing
Factors Current research indicates that scientific data IPR protection faces
issues of legal constraints, inconsistent implementation standards, inadequate
regulatory measures, and insufficient awareness. These deficiencies affect ser-
vice quality. IPR services for process data and derivative data are particularly
limited due to their heterogeneity and complexity. The quality of scientific
data IPR services is highly sensitive to new technologies and environments,
significantly influenced by algorithmic technology and policy implementation
efficiency [32]. Service quality is affected by factors including policy implemen-
tation efficiency, talent team building, data management technology, service
model diversification, and data property rights sharing agreements.

3 Research Process and Results
3.1 Research Hypotheses

Based on the above analysis of scientific data IPR service content and library
service development in the algorithm era, this study proposes the following
hypotheses regarding factors influencing service quality:

H1: Policy and regulation implementation efficiency significantly positively in-
fluences service quality.
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H2: Talent team building significantly positively influences service quality.
H3: Data management technology significantly positively influences service
quality.
H4: Service model diversification significantly positively influences service qual-
ity.
H5: The number of data property rights sharing agreements significantly posi-
tively influences service quality.

3.2 Questionnaire Design

The questionnaire comprises five dimensions:

3.2.1 Policy and Regulation Implementation Efficiency: Adapted from
Ye Lan’s [40] maturity questionnaire for university library scientific data man-
agement capabilities.

3.2.2 Talent Team Building: Based on Zhang Hao et al.’s [41] evaluation
indicators for university librarian team construction, assessing technical talent
development, management systems, and personnel training.

3.2.3 Data Management Technology: Selected from Liu Xuhui’s [42] ques-
tionnaire on technology usefulness for university library services.

3.2.4 Service Model Diversification: Adapted from Chen Lili’s [43] explo-
ration of diversified service models, including specialized channel services.

3.2.5 Data Property Rights Sharing Agreements: Based on Li Jian et
al.’s [44] research, assessed through paid agreements and sharing restrictions.

3.2.6 Scientific Data IPR Service Quality: Evaluated from three
dimensions—convenience, usefulness, and security—referencing Chen Huiqi et
al.’s [45] research.

3.3 Research Subjects and Sampling

The study targeted high-level scientific research practitioners, including doc-
toral and postdoctoral researchers, while excluding master’s students. To en-
sure sample diversity and heterogeneity, we also included researchers from re-
search institutes and enterprises. Given the dispersed geographical distribution
of samples, online distribution was adopted. From March 11 to May 22, 2023,
we distributed 300 questionnaires, recovered 273, and obtained 252 valid ques-
tionnaires after excluding responses with completion times under 300 seconds
or over 3,000 seconds. The sample included 176 males and 97 females, with 153
teachers, 58 researchers and enterprise personnel, and 62 doctoral and postdoc-
toral researchers, reflecting a balanced demographic distribution.

3.4 Statistical Analysis Results

3.4.1 Reliability Analysis SPSS reliability analysis was conducted on the
five influencing factors and service quality variable. As shown in , reliability
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coefficients ranged from 0.853 to 0.860, all exceeding 0.7, indicating acceptable
reliability. Corrected item-total correlations exceeded 0.5 within each factor,
demonstrating high association between items and factors. Cronbach’s alpha if
item deleted was lower than factor reliability, confirming that removing items
would not improve reliability.

3.4.2 Exploratory Factor Analysis The overall questionnaire KMO value
was 0.815, exceeding 0.7 and approaching 0.9, indicating suitability for factor
analysis. Bartlett’s sphericity test yielded �2 = 2,189.556 (p < 0.001). Six
components with eigenvalues > 1 were extracted, explaining 81.28% of total
variance. As shown in and , rotated eigenvalues ranged from 2.696 to 2.056,
with all item loadings > 0.5 and no cross-loadings, confirming the preliminary
variable structure.

3.4.3 Confirmatory Factor Analysis A first-order confirmatory factor anal-
ysis model was constructed with 18 observed items as indicators and 6 latent
factors. Using Amos 26.0, all standardized factor loadings exceeded 0.5, indicat-
ing strong item-dimension relationships. Model fit indices () showed CMIN/DF
= 1.778 (< 3), RMSEA = 0.024 (< 0.05), TLI > 0.9, and CFI > 0.9, demon-
strating good model fit ().

3.4.4 Correlation Analysis Correlation analysis () revealed significant pos-
itive correlations between all independent variables and service quality: policy
implementation efficiency (r = 0.511, p < 0.01), talent team building (r = 0.432,
p < 0.01), data management technology (r = 0.399, p < 0.01), service model di-
versification (r = 0.528, p < 0.01), and data property rights sharing agreements
(r = 0.554, p < 0.01).

3.4.5 Multiple Linear Regression Analysis Multiple linear regression was
conducted with service quality as the dependent variable. The model summary
() shows adjusted R2 = 0.816, indicating that independent variables explain
81.6% of variance in service quality. The standard error was 2.54456, and
Durbin-Watson = 1.778, suggesting good independence of residuals. Normal
P-P plots ([Figure 1: see original paper], [Figure 2: see original paper]) con-
firmed approximate normality.

Regression coefficients () show all five hypotheses were supported: - Policy
implementation efficiency: B = 0.275, p = 0.024 - Talent team building: B
= 0.264, p = 0.018 - Data management technology: B = 0.169, p < 0.001
- Service model diversification: B = 0.358, p = 0.045 - Data property rights
sharing agreements: B = 0.329, p = 0.048

All VIF values were below 10, indicating no multicollinearity issues. These re-
sults validate H1-H5, confirming that all five factors significantly and positively
influence service quality.
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4 Conclusions and Discussion
The study identifies five key factors influencing library scientific data IPR ser-
vice quality in the algorithm era: policy implementation efficiency, talent team
building, data management technology, service model diversification, and data
property rights sharing agreements.

4.1 Policy Implementation Efficiency Mechanism

Policy implementation efficiency positively influences service quality. Policy
formulation and implementation strengthen IPR protection, increase service
provider accountability, and enhance market competition and transparency,
thereby motivating providers to improve service quality [46, 48].

4.2 Talent Team Building Mechanism

Talent team building positively influences service quality. High-quality talent
constitutes the primary productive force for scientific data IPR services. Pro-
fessionals with strong research and innovation capabilities can deliver more sci-
entific achievements and IPR outcomes, providing continuous momentum for
service quality improvement [47].

4.3 Data Management Technology Mechanism

Data management technology positively influences service quality. Advanced
data management facilitates data sharing, enhances reproducibility, ensures
data accuracy and reliability, and helps scientists control data usage, thereby
protecting privacy and security [38].

4.4 Service Model Diversification Mechanism

Service model diversification positively influences service quality through four
mechanisms: (1) enhancing service provider capabilities, (2) increasing service
adaptability and flexibility, (3) promoting knowledge and experience sharing,
and (4) fostering healthy competition that drives innovation [31].

4.5 Data Property Rights Sharing Agreements Mechanism

The number of data property rights sharing agreements positively influences
service quality. Increased agreements raise researchers’ awareness of data pro-
tection, promote the development of comprehensive data management systems,
and enhance data security, reliability, and availability.
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5 Optimization Strategies
5.1 Strengthen Policy Implementation

Establish robust policy implementation mechanisms, particularly for commer-
cial scientific data protection referencing patent laws. Enhance policy publicity
to improve public awareness and participation. Ensure coordination among
policies to form integrated implementation frameworks.

5.2 Enhance Talent Team Building

Strengthen talent development through training programs that improve profes-
sional competence and innovation capacity. Enhance management-level talent
reserves to provide strategic leadership. Establish incentive mechanisms with
preferential policies and rewards to encourage innovation in scientific data IPR
services.

5.3 Advance Data Management Technology

Invest in R&D of data management technologies to improve applicability and
effectiveness. Promote technology application across all stages of scientific data
IPR services. Establish standardized technical specifications to ensure service
quality and consistency.

5.4 Promote Service Model Diversification

Drive service model innovation by integrating multiple service approaches to
create synergistic effects. Develop customized and personalized services tai-
lored to user needs and service characteristics to enhance satisfaction and user
engagement.

5.5 Strengthen Inter-Library Collaboration

Improve the number of data property rights sharing agreements through en-
hanced library collaboration. Establish legal frameworks defining data property
rights. Develop standardized agreement protocols and strengthen implementa-
tion supervision to ensure effective execution and improve service quality.
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