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Abstract: With the rapid advancement of
information technology, the construction of
smart libraries has become a crucial direction
for enhancing information service levels. This
study aims to explore the effects of smart
library construction on improving
information retrieval efficiency. Utilizing
literature analysis and theoretical induction,
we systematically examine the concept,
technological support, and construction
models of smart libraries, thoroughly
analyzing their mechanisms for enhancing
information retrieval efficiency. The research
focuses on dimensions such as intelligent
resource management, personalized service
models, and multifunctional spatial design,
investigating the applications of technologies
like IoT, big data, and artificial intelligence in
optimizing information organization, precise
service delivery, and innovative spatial
scenarios. The findings reveal that smart
library construction effectively reduces
information retrieval time, lowers user
information acquisition costs, and enhances
the relevance and timeliness of information
services, significantly improving information
retrieval efficiency. This research provides
theoretical support and practical references
for the digital transformation and high-
quality development of libraries.
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1. Introduction

1.1 Research Background and Significance
The wave of digital technology has driven a
paradigm shift in the library sector. The low
latency and high bandwidth characteristics of 5G
networks, the pervasive sensing capabilities of
IoT devices, and the deep learning algorithms of
artificial intelligence collectively form a

technological matrix for the intelligent
transformation of libraries. According to the
China Internet Network Information Center, the
number of digital reading users in China has
surpassed 500 million, with a mobile reading
device usage rate of 96.2%, leading to higher
demands for immediacy and accuracy in
information services [1]. Traditional libraries,
relying on manual retrieval and physical space
services, face challenges such as long response
times and low precision in matching resources
against vast and heterogeneous digital
collections, thus struggling to meet users'
fragmented and personalized information needs.
Intelligent libraries integrate technologies such
as IoT, big data, and artificial intelligence to
achieve intelligent resource management,
personalized service models, and multifunctional
space capabilities, becoming a crucial direction
for overcoming developmental bottlenecks in the
library sector.
Information retrieval efficiency, as a core
indicator of library service effectiveness, is
directly related to the efficiency of knowledge
dissemination and utilization. Research indicates
that users in traditional library environments
typically spend 20-30 minutes to complete an
effective information search, with a precision
rate of around 65%. In contrast, intelligent
libraries, utilizing intelligent retrieval systems,
can reduce search response times to 5-8 minutes,
while increasing precision rates to over 82% [2].
In the knowledge economy era, efficient
information retrieval not only affects the speed
of personal knowledge updates but also drives
social innovation. Investigating the impact of
intelligent library construction on information
retrieval efficiency reveals the underlying logic
of service effectiveness enhancement through
technological empowerment, providing a
theoretical basis for the digital transformation of
the industry, while enabling libraries to play a
greater social role in promoting widespread
reading, supporting academic research, and
innovating cultural heritage.
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1.2 Review of Domestic and International
Research
The concept of the intelligent library originated
in 2003 from the practices at the Oulu University
Library in Finland, followed by systematic
research in European and American countries. In
the U.S., libraries deeply integrate IoT
technologies into resource management, with
RFID applications in academic libraries
exceeding 85%, achieving over 98% accuracy in
book location and a 70% increase in inventory
efficiency [3]. European research focuses on
optimizing user experience, exemplified by the
EU's "Digital Library Initiative," which
constructs personalized recommendation models
through big data analysis, enhancing resource
push accuracy by 30%. Domestic research,
building on international experiences while
addressing local needs, has explored intelligent
library development. He Chunlian posits that
intelligent library construction should be user-
centered, establishing a "technology-service-
management" integrated system [4]; Wang
Shiwei develops a "resource-service-space"
collaborative development model, emphasizing
the integration of technology and humanistic
care [5].
Existing research presents three limitations: first,
a focus on individual technology application
effects, lacking exploration of the holistic impact
mechanism of intelligent libraries, thereby not
sufficiently revealing the synergistic effects of
technological integration on information
retrieval efficiency; second, an incomplete
evaluation system, with most studies
concentrating only on objective indicators like
retrieval time and precision, while neglecting
subjective dimensions such as user
psychological costs and depth of information
utilization; third, insufficient practical guidance,
with few studies differentiating paths for
enhancing retrieval efficiency across various
construction models. This study aims to fill the
theoretical and practical research gap by
constructing a multidimensional analysis
framework to systematically explore the impact
of intelligent library construction on information
retrieval efficiency.

1.3 Research Content and Methodology
This research focuses on the intrinsic
relationship between intelligent library
construction and information retrieval efficiency,

addressing three core issues: how the
technological architecture of intelligent libraries
influences information retrieval efficiency, the
mechanisms by which different service models
enhance efficiency, and how spatial functional
reconfiguration impacts user information
behavior. The research employs a three-tiered
approach: first, bibliometric analysis will be
conducted on relevant literature from the Web of
Science and CNKI core databases from 2003 to
2023, performing keyword clustering to chart
theoretical evolution; second, theoretical
modeling will create a "technology-service-
space" three-dimensional analysis model to
reveal the internal mechanisms by which
intelligent libraries affect information retrieval
efficiency; finally, empirical research involving
typical cases, such as the Shanghai Library and
Tsinghua University Library, will be undertaken
through user behavior log analysis and service
effectiveness comparisons to validate theoretical
hypotheses.

2. Overview of Theories Related to Intelligent
Library Construction

2.1 Concept and Connotation of Intelligent
Libraries
An intelligent library is a new library form
supported by next-generation information
technologies that achieves precision and
efficiency in knowledge services through
comprehensive perception and intelligent control
of resources, services, and spaces. Its core
connotations are reflected in three dimensions:
in terms of service intelligence, libraries
leverage AI algorithms to create user profiles; an
academic library, for example, achieved an 85%
accuracy rate in personalized recommendations
through the analysis of 100,000 borrowing
records; in management precision, IoT
technologies enable lifecycle management of
collections, with RFID systems reducing
shelving errors to below 0.3%; and in resource
collaboration, data open platforms break inter-
library barriers, enabling unified search and
borrowing across 127 libraries in the Yangtze
River Delta Intelligent Library Alliance.
Intelligent libraries serve not only as carriers of
technology application but also as reconstructors
of the knowledge service ecosystem, enhancing
the proactive and anticipatory nature of library
services through human-machine collaboration.
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2.2 Core Technological Support for
Intelligent Libraries
IoT technology forms the perceptual network of
intelligent libraries, with RFID tags and sensor
deployment facilitating functions such as
resource location tracking, temperature and
humidity monitoring, and equipment status
management. Big data technology provides
decision support, successfully predicting reader
needs with a 78% accuracy rate through the
mining of multiple data sources, including user
retrieval logs, borrowing behaviors, and dwell
times. AI technology endows libraries with
cognitive capabilities; for instance, intelligent
Q&A systems can automatically manage 82% of
common inquiries, while image recognition
technology enhances the digitization efficiency
of ancient texts by over five times. 5G
technology ensures reliable data transmission,
making remote virtual reading and real-time
interactive services feasible. The technological
ecosystem formed by multi-technology
integration supports intelligent libraries in
transitioning from "passive service" to "active
service."

2.3 Models for Intelligent Library
Construction
Current intelligent library construction exhibits
three typical models: the government-led model
aims for equalization of public cultural services;
for instance, the Shanghai Library invested 120
million yuan to build a "Smart Reading Space,"
integrating municipal document resources and
serving over 100,000 users daily; the self-built
model of universities focuses on discipline
service needs, exemplified by the Tsinghua
University Library's construction of a
disciplinary knowledge graph platform, which
integrates 2 million academic resources and
enhances literature retrieval efficiency by 40%;
and the public-private partnership model
achieves technological innovation through
market operations, such as the intelligent
borrowing system jointly developed by the
Shenzhen Library and Tencent, which employs
facial recognition and touchless borrowing
technology, reducing the borrowing process
from 3 minutes to 15 seconds, resulting in a
year-on-year increase of 42% in borrowing
volume. Each model has advantages in resource
integration capabilities, service innovation
momentum, and sustainable development,
necessitating a selection of adaptable paths

based on regional needs.

3. Theoretical Foundation of Information
Retrieval Efficiency

3.1 Definition of Information Retrieval
Efficiency
Information retrieval efficiency refers to the
comprehensive effectiveness of satisfying users'
information needs in a library environment,
constituted by a three-dimensional evaluation
system of time efficiency, cost efficiency, and
quality efficiency. Time efficiency is measured
through search response time and information
filtering duration, with intelligent library
systems reducing average search response time
from 12 seconds to 3 seconds; cost efficiency
encompasses user time investment, cognitive
load, and economic expenditure, with studies
indicating that users of intelligent libraries have
reduced information filtering time by an average
of 40%; quality efficiency is assessed from the
dimensions of information relevance,
completeness, and authority, with personalized
recommendation systems improving information
matching accuracy by over 25%. The three
dimensions interact, collectively forming the
evaluation framework for information retrieval
efficiency.

3.2 Key Factors Affecting Information
Retrieval Efficiency
Resource factors serve as the material basis for
efficiency enhancement, with the richness of
collection resources and the scientific
classification system directly impacting the
quality of search results. Service factors manifest
in librarians' professional competence and
service models, with each 10% improvement in
reference consultation response speed resulting
in a 15% increase in user satisfaction.
Technological factors represent the core
competitiveness of intelligent libraries, with
intelligent retrieval algorithms enhancing recall
rates from 72% to 88% and recommendation
systems boosting users' resource discovery
efficiency by 35%. Environmental factors
include the comfort of physical spaces and user-
friendly digital interfaces; one library, for
example, optimized its spatial layout, increasing
reader dwell time by 22%, while a simplified
interaction design could reduce user error rates
by more than 30%.
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3.3 Evaluation Dimensions of Information
Retrieval Efficiency
The evaluation of information retrieval
efficiency employs a "three-dimensional-six-
degree" model: the time dimension includes
retrieval response time and information
acquisition duration; the cost dimension
encompasses the number of operational steps
and cognitive load index; the quality dimension
includes recall rate, precision rate, user
satisfaction, and information utilization rate.
Empirical data shows that after introducing an
intelligent recommendation system, a certain
intelligent library reduced retrieval response
time from 12 seconds to 3 seconds and increased
the precision rate from 65% to 82%, with user
information utilization rates rising by 28%,
verifying the significant impact of technology
application on efficiency enhancement. This
evaluation system balances objective indicators
and subjective experiences, providing a
scientific basis for assessing the effectiveness of
intelligent library services.

4. Mechanisms of Smart Library
Construction on Information Retrieval
Efficiency

4.1 Impact of Intelligent Resource
Management on Information Retrieval
Efficiency
The intelligent resource management in smart
libraries enhances the precision of resource
allocation through technological empowerment.
It optimizes the foundational conditions for
information retrieval by enabling accurate
positioning, dynamic allocation, and intelligent
organization of collections. For instance, the
implementation of IoT technologies, such as
RFID, achieves a positioning accuracy of 98.7%,
increasing the daily inventory from 300 to over
2000 books, while maintaining a shelving error
rate below 0.5% [9]. This digital mapping of
physical resources significantly reduces the time
users spend searching for physical literature;
data from a university library indicates that the
average retrieval time for physical resources
decreased from 12 minutes to 4 minutes after the
adoption of an intelligent positioning system [5].
Furthermore, big data-driven resource
optimization enhances information organization
efficiency. By analyzing multi-dimensional data
such as user search logs and borrowing
frequency, smart libraries can dynamically adjust

their collection structures, prioritizing the
management of high-demand resources. For
example, a public library organized the top 20%
of popular books on the first floor, resulting in a
60% increase in retrieval efficiency [5]. In the
realm of digital resource management,
knowledge graph technologies enable semantic
associations across heterogeneous data. The
knowledge graph developed by Tsinghua
University Library consolidates 2 million
academic resources, improving cross-library
literature retrieval efficiency by 45% compared
to traditional catalog searches [6]. Intelligent
resource management addresses not only the
problem of “finding” but also accelerates the
goal of “finding quickly” through data-driven
strategies, establishing a dual foundational
structure for enhancing information retrieval
efficiency.

4.2 Impact of Personalized Service Modes on
Information Retrieval Efficiency
Personalized service modes distinguish smart
libraries from traditional services by shifting the
paradigm from “users searching for information”
to “information seeking users.” User profiling
technologies integrate over 100 dimensions of
data, including borrowing records and browsing
history, to create dynamic user demand models.
A provincial library observed that its
personalized recommendation system based on
user profiles increased resource push accuracy
from 45% to 85%, enhancing the average daily
effective information retrieval by 30% [10].
The automation of smart Q&A and reference
consultation further boosts service response
efficiency. AI-driven virtual consultation
systems can answer 82% of common queries in
under 10 seconds, achieving over three times the
efficiency of manual consultations [7].
Additionally, specialized service teams leverage
big data analytics to offer customized
bibliometric analyses and research trend
forecasts to researchers, significantly reducing
preliminary data collection time by 40% and
accelerating research progress [10]. The
innovation of personalized service modes not
only lowers the cognitive load of information
filtering for users but also reduces ineffective
search behavior, thus improving the quality
efficiency of information retrieval.

4.3 Impact of Multifunctional Spaces on
Information Retrieval Efficiency
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The multifunctionality of smart library spaces
breaks the traditional boundaries of “collection
and lending,” creating a comprehensive service
environment that integrates physical, digital, and
social spaces. The physical space utilizes smart
device deployment for functional reconstruction,
such as smart shelves with pressure sensors and
RFID readers that provide real-time resource
status updates. Dynamic electronic displays
guide users to quickly locate target areas. Data
from a city library transformation indicate that a
space navigation system reduced the
familiarization time for new users from 20
minutes to 5 minutes, enhancing resource
discovery efficiency by 55% [6].
The extension of digital spaces broadens the
boundaries of information retrieval across time
and space, with remote virtual browsing
platforms enabling users to access high-
definition digital resources of ancient texts and
rare documents through VR technology,
overcoming physical collection limitations. The
creation of social spaces, through seminar room
reservation systems and academic salon
platforms, facilitates knowledge sharing and
information exchange among users, forming a
multi-directional interactive ecosystem. The
“Smart Learning Space” at Shenzhen Library
integrates smart terminals, collaboration
platforms, and resource repositories, increasing
information sharing efficiency in group
discussions by 70% [6]. The multifunctional
design of spaces reduces the environmental cost
of information retrieval, fostering an immersive
and efficient knowledge acquisition atmosphere.

5. Pathways to Enhance Information
Retrieval Efficiency in Smart Library
Construction

5.1 Resource Optimization Based on
Technological Innovation
Technological innovation serves as the core
driving force for resource optimization,
necessitating the establishment of a full-chain
technical support system across perception, data,
and application layers. The perception layer
strengthens the deployment of IoT devices to
achieve comprehensive coverage for paper
resource positioning, environmental parameter
monitoring, and equipment status management,
with recommendations for public libraries to
achieve RFID tag coverage of no less than 95%,
while digitalization rates for key academic

resources in university libraries should reach
100% [9]. The data layer integrates collection
data, user data, and external resource data via
big data platforms to construct a unified resource
knowledge base, such as the “Big Reading Data
Platform” at Shanghai Library, which
consolidates 30 million literature entries and 5
million user behavior records for intelligent
resource retrieval [8]. The application layer
develops intelligent retrieval systems that
incorporate natural language processing
technologies to enhance semantic retrieval
capabilities, aiming for a recall rate of over 85%
and a precision rate above 80% [7].
In technical application, attention should be paid
to multi-modal resource integration,
incorporating audio-visual materials and digital
twin models into the retrieval system to meet
diverse user needs. For instance, the “Chinese
Ancient Text Resource Database” constructed by
the National Library utilizes image recognition
and intelligent indexing technologies to increase
the retrieval efficiency of ancient texts sixfold,
significantly reducing the time cost for users
seeking rare documents [6]. The technological
innovation pathway should adhere to a closed-
loop management model of “demand-oriented—
technology adaptation—effect feedback,”
continuously iterating to optimize the resource
management system, ensuring a dynamic match
between technology application and user
information retrieval demands.

5.2 Service Upgrade Path Based on User
Needs
Service upgrades should begin with insights into
user needs, constructing a service chain of
“demand collection—data modeling—precise
supply.” A multi-channel demand collection
mechanism should be established, incorporating
user surveys, search log analysis, and real-time
feedback systems. For instance, a university
library’s analysis of 200,000 search logs
revealed that cross-disciplinary resource
demands constituted 45%, leading to the
establishment of a “Cross-Disciplinary Service
Area,” which improved resource utilization by
35% [10]. Machine learning algorithms can be
employed to develop user demand prediction
models for anticipating periodic information
needs, such as providing study materials before
exam weeks and job-related resources during
graduation seasons, shifting service responses
from passive to proactive.
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The service format should promote tiered and
categorized provision, with foundational services
achieving full automation, such as touchless
borrowing and smart renewals, minimizing
transactional operation time; enhanced services
should focus on deep knowledge needs, offering
guidance on literature review writing and
research data management, with statistics
indicating a 25% increase in information
processing efficiency for researchers accessing
such services [7]. Simultaneously, a dynamic
evaluation mechanism for service effectiveness
should be established, utilizing user satisfaction
surveys and information utilization conversion
rates to continuously optimize service content
and methods, forming a virtuous cycle of
“demand-driven service innovation feeding back
into service satisfaction.”

5.3 Scene Innovation Path Based on Spatial
Reconstruction
Spatial reconstruction should eliminate
functional partition boundaries, creating a
comprehensive scene of “resource retrieval—
knowledge processing—interaction and
creation.” The design of physical spaces should
integrate intelligent navigation systems, dynamic
display devices, and adjustable reading units.
For example, the “Smart Book Wall” at
Hangzhou Library displays the borrowing
popularity and recommendation index of various
books in real-time, allowing users to make
reservations and locate resources through a
touchscreen, thus increasing resource discovery
efficiency by 40% [6]. Multi-functional
composite spaces should be established,
upgrading traditional reading areas into
“learning workshops” equipped with smart
whiteboards, literature sharing terminals, and
collaborative pods to meet the needs for deep
learning and knowledge creation. Post-
implementation of Tsinghua University Library’s
“Disciplinary Innovation Space,” the average
user stay duration increased from 90 minutes to
150 minutes, significantly enhancing the depth
of information processing [6].
Digital space innovations should focus on
immersive experiences and cross-platform
collaboration, developing mobile smart portals
that integrate personalized recommendations,
resource subscriptions, and progress
management features, enabling users to
efficiently retrieve information in fragmented
time. For instance, Shenzhen Library’s mobile

app integrates 500,000 e-books and 2,000
journals, using a smart push engine to provide
tailored resources, resulting in an average daily
user engagement of 55 minutes [10]. Scene
innovation in spaces should emphasize seamless
integration between physical environments and
digital services, utilizing QR code navigation
and AR resource guides to construct an
integrated information retrieval ecosystem that
provides users with uninterrupted and
boundaryless knowledge service experiences.

6. Conclusion
This study systematically explores the
mechanisms and pathways through which smart
library construction enhances information
retrieval efficiency, revealing the intrinsic logic
of service efficacy improvements under
technological empowerment. The findings
indicate that smart libraries reduce information
search times through intelligent resource
management, lower cognitive load for users with
personalized service modes, and optimize
information retrieval experiences through
multifunctional space designs, thereby forming a
multi-dimensional collaborative efficiency
enhancement system. Empirical data
demonstrate that the application of intelligent
technologies can reduce information search time
by over 60%, improve resource match accuracy
by 40%, and significantly lower the time,
psychological, and economic costs associated
with information retrieval for users [2][11].
The “technology-service-space” analytical
framework developed in this study provides
theoretical guidance for smart library
construction, recommending a focus on the deep
coupling of technology applications and user
needs to avoid the pitfalls of “technology for
technology’s sake.” Future research can further
explore the efficiency impact of smart libraries
on specific user groups and the mechanisms of
long-term usage on user information literacy,
offering more comprehensive theoretical support
for the smart transformation of the library sector.
As a systematic engineering endeavor, smart
library construction must continuously address
technological iterations, evolving user demands,
and expanding social functions, effectively
fulfilling the central role of knowledge hubs in
the era of information explosion.
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