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Abstract

This paper examines the applications of Artificial Intelligence (Al) in libraries, focusing on methods,
impacts, and future directions. It analyses how Al technologies such as machine learning, natural language
processing, recommender systems, and intelligent automation are transforming core library functions including
cataloguing, metadata generation, resource discovery, reference services, research support, access management,
and digital preservation. The study highlights the benefits of Al adoption in improving efficiency, user
experience, and service quality, while also addressing ethical, legal, and social concerns related to bias, privacy,
transparency, and intellectual property. The paper argues that responsible governance, workforce development,
and strategic planning are essential for sustainable and inclusive Al integration in libraries.

Keywords: Artificial Intelligence, Libraries, Library Automation, Metadata Generation, Resource Discovery,
Recommender Systems, Digital Preservation, Research Support, Ethics of Al, Future Trends

Introduction

Artificial intelligence (Al) is reshaping library operations, enhancing resource discovery and access
management, modernizing research and data services, and fostering innovation. The library profession continually
adopts new technologies, but these transformations are unprecedented in scale and complexity. Al technologies
promise significant advantages for libraries, yet also pose complicated risks. To inform responsible decision-
making, guidelines, frameworks, and models are emerging, but studies that delineate the extent and implications
of library Al adoption remain rare. (Asemi & Asemi, 2018) demonstrate that intelligent systems have been
utilized in library systems since 1990. Such systems imitate the thought processes of librarians, providing
knowledge-based services related to cataloging, collection development, reference services, database searches,
and delivery of documents. The functioning of intelligent library systems depends on knowledge representation
and natural language processing. Numerous authors have described diverse methods of using Al in library and
information science. These methods include the artificial generation of metadata, content-based document
retrieval, the detection of anomalous file changes, the automatic selection of answers to references queries, and
the design of intelligent dialogue systems. On the one hand, Al enables the automatic generation of references
without the need for human mediation. Automatic citation analysis allows the identification of all documents that
cite a particular work. New data visualization techniques extract content-related information and generate new
insights into the characteristics and themes of concepts, phenomena, or entities. On the other hand, the precise
definition of Al remains challenging, and there is no universal consensus on its scope.
This study addresses the existing knowledge gap on the role of Al in contemporary libraries by documenting
widely adopted Al applications and their implications for library operations. Al techniques assist libraries in
meeting user needs while simultaneously tackling the challenge of serving larger user populations and extended
consultancy hours. Subsequently, it examines how such systems exploit data, identifies responsible use guidelines
for those considering Al adoption in libraries, and catalogues Al capabilities and techniques available to libraries.
Foundations of Artificial Intelligence in Librarianship

Artificial Intelligence (Al) constitutes an area of computer science dealing with the design of systems
capable of exhibiting intelligence-like behavior. In library environments, these technologies are often employed to
provide enhancements to workflow processes, systems, or services. Such systems are designed to be self-learning,
or to simulate human reasoning, judgment, or decision-making by employing actual or hypothetical—
conjectured—additional knowledge. As a result, it is important to differentiate Al applications from general-
purpose computational systems and routines. Standard automated systems, such as batch or on-line processing,
are used to conduct straight-through processing of a specified workflow, typically without the provision of any
additional intelligence or learning capability. Hence, Al is not concerned with such standard systems or the
automation of traditional library operations. Rather, Al is primarily concerned with the design and development

433



IJAAR Vol.11 No.2 ISSN - 2347-7075

of systems that exhibit some level or type of additional processing—intelligence—that distinguish it from
traditional systems (Asemi & Asemi, 2018).

The field of Al dates back to 1956, with the first research work and dissemination of concepts relating to
this new area. Initially, systems developed in the field of Al were investigated for potential application in
libraries, but the adoption of Al technology remained very limited during this introductory period. The early
concepts of Al for library applications found application in tasks relating to user searching and query formulation
from 1980 and continued into the 1990s. Subsequent interest was directed toward a second area, namely the
exploration of expert systems to capture and provide advice and guidance on the varying range of library products
and services. Interest and activity in Al applications to libraries underwent a resurgence during the period 2000—
2007. The implementation of expert systems were applied to assist with library products and services, along with
the introduction of a third major category for collaborative systems and tools.

1. Definitions and Scope

Artificial intelligence has emerged as a transformative force across nearly all aspects of society, and
libraries are no exception. Collectively, library associations confirm unprecedented interest in artificial
intelligence applications, evident in myriad initiatives across all types of libraries. Beyond interest, a rapidly
expanding roster of implemented solutions directly impacts library operations. Yet those seeking to navigate this
tumultuous terrain encounter uneven access to trustworthy analysis, broad-based reviews, and actionable advice.
Library work is both profoundly integrated with artificial intelligence technologies and largely unexamined within
the existing library literature. In the past two decades, well over one thousand publications spanning every library
type discuss the application of specific machine-learning models, but rarely do these works situate their findings
within broader technological trends. One barrier to articulation resides in terminology; many foundational
assumptions about the meaning of artificial intelligence remain implicit. It is therefore vital to delineate scope,
clarify distinctions from prior automation techniques, and then unveil the historical context that informs the
present moment and trajectories for the future.

Tools, models, and techniques have gained prominence across all facets of library operations: cataloging
and metadata generation, resource discovery and recommendation systems, access management and user
authentication, digital preservation, reference services and virtual assistants, research support, and more.
Considerable variation exists in the nature and maturity of applications across research areas and library types, yet
core Al methods weave through much of the ongoing activity. Awareness of these mechanisms—together with
specific impact outcomes—offers additional insights and avenues for reflection.

2. Historical Context and Evolution

The discussion of libraries and artificial intelligence begins with defining Ai and outlining the historical
context. Early steps in knowledge representation and tools like Prolog are noted. In the late 1970s, events
instigated interest, namely the still-influential CLIR 1977 report characterising information retrieval problems and
serious funding of large-scale work on developing advanced systems for libraries. The MIT Knowledge-Based
Systems report in 1983 recognised the need to involve librarians at the start when developing applications of Al
and ML (P. Metzler, 1990). Collection building, document delivery, indexing, classified searching, question-
answering and other areas have been explored since. Al approaches can also be described as informative and
directly illustrative of possible developments and the still-developing research agenda (Asemi & Asemi, 2018).
Al can mimic librarian thought, addressing both theoretical and practical issues with broad access equipment.

Al is generally considered the simulation of human intelligence by computer systems and the field
became active in the mid-1950s. The library automation literature, however, contains only a few references to
artificial intelligence. Al refers to three distinct attributes. Al represents the various methods to simulate aspects
of human reasoning. Rather than attempting to simulate overall human thought, researchers usually focus on
specific aspects. Two common examples are systems that are designed to doubt and to explain. Al formation is
also regarded as the art and science of programming computers to perform tasks that are usually associated with
human intelligence. A third and more restrictive definition regards Al as the representation of knowledge.

Al Applications in Library Operations

Artificial Intelligence-Al transforms library operations through methods, processes, and support services
tailored to local objectives while drawing a direct relationship between the nature and type of evidence cited from
specifics to its contribution to big-picture benefits, trade-offs, adoption challenges, and measures of success. For
cataloging, mechanism sets encompass algorithms for generation or enhancement of bibliographic metadata;
alignment of metadata from different sources to schemas defining collections or enabling cross-site search and
mining; data quality assessment models that audit cataloguing for completeness and consistency. These improve
the accuracy and completeness of libraries' catalogues for less input and faster turnaround times.

For resource discovery, method sets include systems supporting search; systems supporting personalized ranking
based on predicted interest; systems recommending items of potential relevance to users. User interfaces spanning
web-based catalogue search through mobile-enabled reference collection exploration to niche discovery support
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exploratory searches on difficult topics. Growth in the number of users finding recommended items within their
recommended window exceeding pre-transfer methods argues that recommended lists improve satisfaction.
1. Cataloging and Metadata Generation

Cataloging and metadata generation ensure information resources are appropriately described, easily
discovered, retrieved, and located by suitable patrons. Libraries typically establish clear standards of completion
before fully automating data preparation—guidance based on the quality of the catalog contains critical
definitions of the completeness and correctness of the cataloging datasets. Many of the standards have been
developed and are still evolving save data contributed directly to institution’s curated collections. The major
library systems support management and description of collections in wide scope of fair data mapped to the
MARC framework, usual used for bibliographic description and cataloging of library material for the items used
by in user’s queries.

Meta-data generation may be applied to machines of different degrees of automation, but high-assurance
automated systems would normally rely on batch-processing engines. These systems have the clear advantage of
being entirely transparent to the system-controlled resource discovery cycle. Manually provided data
corresponding can substantially enhance the promptness by which item-level discoverability metadata becomes
accessible to patrons. Maintaining comprehensive, high-quality, and widely-used metadata for a growing and
increasingly diverse body of user-contributed materials presents difficult challenges, especially given the varied
forms and sources of the contributions from on-line to film. The investment in complementary and generative
guidance data sources capable of assuring file integrity and the correct application of the institution's own
definitions of collection description quality. In addition to reducing the standard-checking burden, dual-sensor
dataset matches offer a means of sc06cd29ea-9766-4940-bd54-8127d5¢c5319cing for alignment with institution-
level continuum as well as the thresholds applied to the individual resource sets at the time of data entry.
Composing the operational report requires transitioning from the feedback report of composition to an aggregated
summary document capturing progress across the whole cycle (Ann Gardner, 2008) ; (Asemi & Asemi, 2018) ;
(P. Metzler, 1990).

2. Resource Discovery and Recommendation Systems

Recommender systems aim to guide users towards interesting or useful information, addressing
challenges posed by overwhelming amounts of data and the rapid expansion of online content. They have
emerged as a prominent area of focus within information science. Conventional information retrieval techniques
often fall short in effectively connecting users with relevant materials. In e-commerce, recommender systems
facilitate targeted product discovery, thereby streamlining browsing and purchasing, fostering loyalty, and
minimizing search time. Similar advantages have the potential to enhance user experiences in library online
public access catalogs (OPACS).

Compared to other domains, recommender systems have seen comparatively limited development within library
OPACs. However, such systems are distinguished by their emphasis on users’ activities and preferences—an
aspect less integral to the commercial sector. Consequently, libraries’ motives for adopting recommender systems
can diverge substantially from those observed in retail contexts (Sen et al., 2012).

3. Access Management and User Authentication

Access control and user authentication form part of the security infrastructure in libraries and make use
of Al-based technologies. Specific standards and protocols are used to define the library operation or part of the
data that need to be controlled. Continuous access control ensures that the relevant criteria are adhered to
throughout the entire session of the user. Access control identifies the users based on the authentication methods
such as RFID tags or biometric information (Asemi & Asemi, 2018). sécurité is ensured with the encrypted
sessions, as well as, through continuous monitoring of any suspicious variations. Furthermore, monitoring high-
risk individuals have been implemented. Al-aided Internet-of-Things (1oT) technologies have also been seen as a
potential hazard for privacy and equity of access (Bi et al., 2022). For 10T devices in public libraries, risks have
been identified that threaten the safety of personal belongings and private information, including exposure of user
tagging and user actuation information.

4. Digital Preservation and Anomaly Detection

Evaluating the impact of any preservation measures remains a challenge, alongside the preservation of
digital materials in themselves and their associated metadata. Digital-archive preservation phenomena can be
monitored using kdvila signals to record creation, modification, and migration events in digital-object metadata.
Assurance of digital-material integrity through detection of digital-object preservation remains problematic
(Colavizza et al., 2021). Anomaly detection can identify various types of preservation risk that go beyond
integrity (biological degradation, obsolescence, fragility) and signal the need for review.

The emphasis on preservation and integrity signifies a critical consideration in the archiving of digital materials.
Already-recognised figures have heralded the rise of a new, fourth phase of modernity, analysed as a New Digital
Order. Writings asserting this view indicate that the New Digital Environment is guided neither by materiality,
nor temporality nor syntactical code; instead, this environment prioritises functionality, performance and agency,
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determining that the preservation of a document is tantamount to the preservation of a digital-object function,
regardless of the completeness or integrity of the object (biological decay, format obsolescence, expo35ition
fragility).

5. Reference Services and Virtual Assistants

Information seeking occurs when individuals face information problems in their daily lives and seek
information resources to resolve them. Due to rapid technological advancements, libraries increasingly rely on
artificial intelligence (AI) tools to enhance reference services. These tools analyze users’ search queries and
provide satisfactory answers without librarian intervention. Reference services include expert systems that
simulate librarian decision-making, virtual reference questioned by users, and public inquiry services provided by
machines (Asemi & Asemi, 2018). Without assistance, users cannot efficiently utilize vast information resources
and generally consult electronic databases to meet their information needs. Virtual reference services assist users
in finding required information and have become more relevant in the 21st century due to the multiplicity,
magnitude, and formats of online information. Users now have a wider range of information needs and expect
more sophisticated searching. Rapid technological evolvement has transformed traditional desk-based reference
to virtual reference services (Panda, 2021).

Al Applications in Research Support

Complying with open science mandates, research data management (RDM) emerges as a critical task
(Asemi & Asemi, 2018). RDM involves a complete life cycle, yet institutions offering curation service typically
focus on acquiring data through automated workflows, whether from research information systems, repository
deposits, or extraction of knowledge from Web of Science and Scopus. Attention therefore shifts to curation
methods, encapsulating the entire pipeline from checklists (coverage of metadata, format feasibility) to precise
formatting of intellectual property (IP) annotations, policy alignment with funders, and support for reproducibility
via screenshots, workflow plugins, or archiving of environments. Metrics derived from FAIR principles of
findability, accessibility, interoperability, and reusability provide valuable references for self-assessment and
compliance consideration.

Text mining supports identifying exploitable content for publications, citations, funding, keywords, or
projects, enabling targeted discovery despite a large corpus. Analytics offers insights into network positions or
temporal research trajectories, while scholarly mining combines the two to interpret the full spectrum of objects—
data, models, publications—produced during research, enhancing compatibility with text-mining needs. Scholarly
data archiving, encapsulating files, scripts, or notebooks, becomes part of RDM itself. Types of content—data,
software, publications—cocreate value, and datasets consistently rank among the greatest contributors. Institutional
repositories assist residue archiving alongside raw data already captured, extending support to self-archiving
considerations and consistency after new publication phases. Multilingualism affects both content and texting,
complicating direct citation or content-based query formulation across languages. Language-processing aids
provide various forms of support, as do translation instruments positioned on affiliated sites, enabling cross-
language citation exploration to proactively suggest associated papers. Multilingual datasets and models aiming
for zero-shot transfer cater to the evolution of processing methods.

Semantic search traces direct links to ontologies, stimulating discovery within particular domains, yet reaching a
semantic level remains arduous. Approaches include embeddings from graph- or text-centered perspectives linked
to knowledge graphs and entity-relation embeddings targeting graph completion (Bi et al., 2022).

1. Research Data Management and Curation

Research data management encompasses a library’s role in ensuring the discovery, sharing, preservation,
and re-use of research outputs—be they actual datasets or derivative publications (e.g., articles, monographs,
reports). These activities commonly involve a curation workflow consisting of three functional elements: curation
events, curation metadata, and curation roles. The curation event records what information was added or altered,
such as assignment of a persistent identifier or application of a standard vocabulary; curation metadata captures
the nature of these changes (e.g., content, format, geographical, or temporal); and curation roles identify who
performed the event, such as the researcher, librarian, or automated process (Partlo et al., 2015).

A further crucial metric of research support is whether the library system’s outputs comply with
externally defined compliance specifications, such as funder or university mandates regarding accessibility,
licensing, and persistence (Colavizza et al., 2021). Such metrics are especially pertinent to research data, large-
scale textual corpus analysis, and document-embedding-based scholarly-mining activities. The former often
comprises the library’s principal engagement with data, because textual documents remain the dominant
distribution format even for openly accessible data. Textua-processing and analytics operations require scrutiny of
the quality of the data utilized. Three individual techniques of scholarly mining warrant consideration: text-
mining, analytics, and mining of publications or document-based material, each targeting a dissimilar
combination of data sources and requiring different validation approaches.
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2. Text Mining, Analytics, and Scholarly Mining

Text mining, analytics, and scholarly mining form a collection of techniques for extracting, processing,
analyzing, and visualizing data from documents in varied formats. Scholarly literature—including articles,
conference proceedings, theses, and patents—constitutes an additional source that libraries can exploit.
Possessing structured and unstructured properties, such information can serve research support and learning-
oriented functions, addressing a variety of audience segments. Its generation typically relies on the collection of
texts and designation of analytical tasks, complemented by quality assessment or alignment with existing
indicators (Senseney et al., 2018). Seminal frameworks encompass the curation of research outputs, which
promotes proper documentation and discoverability, and facilitation of data analytics, which engenders scholarly
sharing and informs decision-making (Reza Saeidnia et al., 2024).

Document data emerge from both internal and external repositories; internal sources comprise
institutional academic outputs, while external counterparts may incorporate funding entities and citation
aggregators. Spatial formatting varies across collections, reflecting distinct organizational structures, secret code
adherence, or targeted deposits. Automation of metadata generation can implement content-based procedures
upon preservation, proffer supplemental tracking logs, and confer academia-wide spatial context through
aggregation at dedicated institutional displays. Utilization of established evaluation criteria—such as coreness and
influence interval, stability and versatility—or engagement of stakeholder agents for guidance alongside
conventional exemplar-based natural language processing can enhance the approach’s utility.

3. Language Processing for Multilingual Collections

Many libraries in multilingual contexts offer publications in multiple languages, necessitating extensive
translation capabilities to assist users in locating pertinent information. The primary objective is to develop
innovative multilingual services that leverage machine translation and automatic taxonomy generation to create
thematic browsing opportunities for multilingual documents accessible through library websites. Several services
that can assist library users with multilingual collections and cross-language discovery of multilingual documents
in digital libraries residing in disparate languages include cross-language query translation, cross-language
document retrieval and translation, multilingual document taxonomy generation, and cross-language thematic
browsing of multilingual documents (Wu et al., 2010).

4. Semantic Search and Ontology-Driven Discovery

A semantic search approach enhances access to information and knowledge resources through ontology-
driven discovery and inference. The broadening of the Web and specialist knowledge bases has increased
uncertainty in identifying the sources of scholarly information. A proactive, ontology-supported knowledge
discovery mechanism is vital for insurance against delays, material unavailability, and relevance when managing
an overflowing information stream. Ontologies represent knowledge domains, formalizing concepts, categories,
properties, relations, rules, and resources to create a common understanding among people or agents. Knowledge
bases comprise ontologies and instances, rendering knowledge discoverable and reusable. Knowledge graphs
combine interconnected entities and relations in a flexible structure to facilitate integration and fusion. Following
citizen-science activities in current research, knowledge bases have been further enhanced with relevant
information for increased discoverability (Martin Montes & Ledn de Mora, 2014). Universal semantics coverage
remains a challenge for the ever-growing amount of knowledge. However, ontologies addressing a multitude of
knowledge domains, including linguistics, sciences, everyday language, and social media, are available and can
be freely extended and shared (Fernandez et al., 2005).

Ethical, Legal, and Social Considerations

Responsible deployment of artificial intelligence (Al) raises numerous ethical, legal, and social
considerations for libraries (Bubinger & David Dinneen, 2021). Library officials must yet give greater attention to
irregularities in Al-based outputs, privacy risks associated with input data, and questions of intellectual property
surrounding content generated or modified by Al. These challenges expand considerably when libraries
participate in the development of Al systems, either as one of many end-users or as agents providing further
training.

Bias in algorithmic decision-making remains an urgent and prominent concern in society at large. For example,
there are growing calls for organizations to assess their hiring and admission processes for hidden biases.
Meanwhile, Al chatbots and content generators have triggered widespread debate concerning the fairness of
certain outputs. Effective measures for identifying and mitigating bias prior to deployment remain essential for
the healthy and responsible integration of Al in libraries.

1. Bias, Fairness, and Inclusivity

Artificial intelligence (Al) in libraries raises ethical issues related to data and system design (Bubinger &
David Dinneen, 2021). The opacity of Al systems makes it difficult to understand their decisions, and this lack of
transparency complicates ethical auditing. Many organizations have produced Al ethics guidelines applicable to
different regions and domains, yet no practical guidance exists for libraries to plan, evaluate, or audit the ethics of
Al systems. Bias should be considered when planning Al systems, as it typically has a disproportionate effect on
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historically marginalized groups. Technical and non-technical strategies can help mitigate bias during design, and
libraries have an opportunity to engage with vendors to audit training data and systems for bias. Well-known
auditing frameworks exist for uncovering bias in Al systems, and libraries can request developers use these
frameworks to accelerate a shared understanding of bias among stakeholders. The evolving nature of Al also
makes audit traces helpful for documenting decisions, enabling libraries to recall and communicate choices even
if contextual factors change over time.

2. Privacy, Data Governance, and Transparency

Al can elevate the potential of libraries and their role in society by empowering exploration and
discovery of information within society. However, alongside these benefits, Al poses clear threats to privacy, data
governance, and transparency in the information it provides and in its decision-making processes. Libraries need
to mitigate these challenges if they are to enjoy the benefits gracefully. For example, libraries can define clear
mandates around data ownership, data sharing, and research transparency within published guidelines. They can
thus limit services that require extensive user profiling and broaden the types of Al they can access, such as
recommending genres or formats rather than authors or titles. Conducting ethical audits of Al systems can also
highlight risks associated with particular solutions and guide selection and design efforts accordingly (Bubinger
& David Dinneen, 2021). Substantial attention has gone to privacy and data governance, especially in the area of
health care Al, where potential harms can be severe (Sunrise Winter & Davidson, 2019). Educational institutions
have a complementary perspective because they often collect sensitive data on minors, particularly in K-12
settings. Data governance, especially around minors, is consequently a topic of extreme concern, and libraries can
play a key role in safeguarding user data as commercial services proliferate.

3. Intellectual Property and Copyright Implications

Abstract: Artificial Intelligence offers innovative opportunities to support library work. However, it
introduces ethical and legal challenges that remain largely unexamined in the literature. To address this gap, a
synthesis of existing evidence gathers knowledge on characteristic Al applications, identifies relevant ethical and
legal considerations, and surveys measures to mitigate associated risks. Librarians, information professionals, and
policymakers can use this report to understand important technological shifts, assess their strategic implications,
and evaluate solution approaches. Future research on library applications of Artificial Intelligence should focus on
emerging models and techniques, interoperability challenges, and sustainable governance practices (M. Shoyama,
2005).

The copyright implications of Al-generated or -assisted works depend on the recognised authors, makers,
and owners of the material. The prevailing Canadian jurisprudence on non-human creators offers partial guidance.
In general copyright law, where a named author engages a machine to assist in the creative process, that machine
does not attain author status, nor does the associated material qualify as a “computer-generated work.” An
intelligent agent left to operate autonomously, however, raises questions regarding because the authorship of the
works is less clear and originates from a human.

4. Accountability and Human Oversight

The rapid adoption of Al in libraries prompts discussions about broader ethical, legal, and social
implications (Bubinger & David Dinneen, 2021). Libraries have long served as custodians of knowledge,
championing the free exchange of ideas, and preserving the public's trust to build confidence in Al
Accountability emphasizes the need for clear decision-making processes alongside Al deployment (Busuioc,
2021). Governance structures define responsibility when Al tools create or alter content and specify who
interprets data or develops models. Escalation protocols signal the involvement of specialists for sensitive cases,
such as editing content that may unintentionally violate intellectual property rights or other legal frameworks.
Implementation and Governance

The implementation of Al initiatives must be approached strategically, considering both long- and short-
term impacts (Bubinger & David Dinneen, 2021). Library and information science perspectives on
implementation emphasize deliberate planning and governance development, stakeholder engagement, and
opportunity road mapping. Governance that defines structure, lines of authority, and ways of working supports
implementation and encourages coordination within organizations. Significant workforce development, including
competencies identification and training needs assessment, is required for Al initiatives. Training plans that
incorporate education on new workflows, tools, and internal processes can help meet these workforce
development needs. External sources of professional development can also supplement in-house efforts. Change
management strategies can improve the success of both Al initiatives and broader organization change. VVendor
selection is a critical component of project planning. Evaluating potential vendors and their proposals against
defined evaluation criteria promotes a rigorous selection process, clarifies requirements and expectations, and
establishes a basis for ongoing risk management throughout the project. The contractual provisions that govern
projects with external vendors can also affect the management of risk, the achievement of desired outcomes, and
the rights to resulting data and content.
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1. Strategic Planning and Stakeholder Engagement

Strategic planning and stakeholder engagement help libraries establish the operational vision and secure
buy-in for Artificial Intelligence (Al) initiatives, aligning technology investments with organizational priorities. A
well-crafted roadmap communicates intentions, refines focus through consultation, and maintains momentum
through implementation. Governance structures define roles and responsibilities for decision-making, risk
management, and oversights throughout the project lifecycle.

2. Workforce Development and Skill Requirements

The deployment of artificial intelligence (Al) technologies in libraries raises important knowledge, skills,
and competency requirements. The limited attention devoted to these workforce development needs presents a
significant implementation challenge and risk to the successful adoption of Al (Bi et al., 2022). Libraries
exploring Al-enabled operations must therefore assess the skills required, develop training plans to ensure that
relevant capabilities are widely cultivated, and implement change management strategies to facilitate the
transition. The countries and institutions that have prioritized Al adoption for library operations have identified a
range of competencies that librarians and library workers should possess. These competencies include a
foundational understanding of Al concepts and techniques, preparation and engineering of machine-readable
datasets for Al models, management and storage of heterogeneous datasets acquired from various sources,
instantiation of Al-based systems in on-premises, cloud, and hybrid environments, monitoring of Al-model
performance, and capacities to refine or re-train models when aligned outputs diminish.

3. Vendor Selection, Evaluation, and Risk Management

Vendor selection, evaluation, and risk management represent essential dimensions of policy and
governance accompanying the use of Al in library operations (Asemi & Asemi, 2018). Library organizations
rarely build technologies and often obtain products or services from external vendors, making the vendor
landscape one of the critical influences on capability acquisition, implementation, and technical debt
accumulation. Libraries opt for vendor products based on evaluations of functional fit against the technical,
social, and organizational-architectural context in which they operate. Technical fit assesses the vendor’s product
capabilities and the degree to which they correspond with library-specific needs. Vendor evaluation thus
encompasses architecture, technology, services, functionality, performance, responsiveness, sustainability,
support, and data security, among other factors.

Evaluating tools to support the selection and evaluation of vendors and their solutions aids the risk
management goal of aligning each solution’s technical capabilities with institutional objectives. Intelligent
solutions and decision-support tools assist in grading vendors on the importance of the criteria relevant to each.
Vendors challenging academia to adopt procedures and technologies that support ongoing commitment, and
increasingly complex services that cycle information among systems endanger investment sustainability and
alignment.

4. Evaluation Metrics and Evidence of Impact

Al transforms library operations by improving efficiency, enhancing user satisfaction, and expanding
service possibilities. Timeliness of adoption and availability of appropriate applications affect the extent to which
these transformations occur. Three evidence types further demonstrate and evaluate service impact: the volume of
engaged users and interactions; the extent of prior institution-specific input required before automation; and the
degree of adherence to established guidelines. The line of reasoning follows that broad user engagement signals
increased satisfaction and benefits, reduced pre-engagement effort indicates the appropriateness of deployment,
and compliance with established standards mitigates reputational risk. These interpretations do not solely apply to
Al but concern automation in general.

Al also illustrates a subset of cataloging and metadata generation techniques with specific characteristics
related to input data quality, the portion of the workflow automated, and the consequent influence on catalog
accuracy and turnaround time. Annotation tools, which assist rather than replace a cataloger’s input, receive
additional consideration for their ongoing potential. As the pertinent references establish, Machine Learning—a
specialized set of algorithms increasingly incorporated into Al systems—underpins the aforementioned processes
and considerably shapes user-facing resource discovery and recommendation systems. Two architectures emerge
as significant for these applications: the ranking and the classification paradigm. Evaluation metrics employed by
existing systems indicate the relative performance of libraries’ investments within the attention economy. User
satisfaction evidence collected by some libraries further illustrates that resource discovery and recommendation
systems have improved following automated adoption. Access management and user authentication raise
foundational elements addressed by Al that secure collection integrity and promote the equitable dissemination of
information. Library access control includes the guarantee of appropriate and compliant use of collections by
individuals permitted to engage with valuable and sought-after items. Generalized library-access models typically
delineate four policy approaches: “no access (deny all), controlled access (authentication or other restriction
required), uncontrolled access (any body can access), and open access (any body can access without any
restriction)” (Asemi & Asemi, 2018). A primary distinction of library access control lies in the specific
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determination of “who can access to what” alongside the configuration of individual-user identifiers that
authenticate use, with configurations either allowing all or a selective policy composing a particular collection or
system. Norms and conditions associated with privacy and collective ethics severely affect the ability to monitor
and supervise compliance without undertaking extensive policy changes. Al solutions adopt multiple strategies to
facilitate library access and user authentication. Free-flowing path analysis models compose the fundamental
basis and typically integrate either an irreversible transformation or a secured interim state, allowing access based
solely on an average-consistency and widely used access model.

Digital preservation safeguards vital and historically significant material while assuring correct
preservation, marks detection, and preservation-risk indication of actively and repeatedly preserved content.
Libraries comprise essential single-point facilities where commercial or alternative preservation avenues do not
approach coverage sufficient to follow preservation protocols. Automated collection-selection techniques and
fragility-estimation indicators denote two often combined Al contributions to digital-preservation frameworks.
Preservation strategies and associated anomalies detected—arriving from software, hardware, and format-
encoded elements—together generate preservation-risk indicators signaling the integrity assurance of preserved
digital content. Such circumstances point toward greater preservation-survivability concern or to a cataloging
framework enhancing preservation-policy stipulations. Editorial reference assistance converses through an
auxiliary channel facilitating with a non-formalized exchange between requester-submit and resubmit parties.
Virtual academic assistants within and outside institutions may also respond directly, although tending to a less
advance level than stand-in assistants. Conversational-use cases subsequently center on inquiries and
communications supporting patrons, with both public and internal perspectives of tool implementation depending
upon the breadth, depth, and styling of the instructions otherwise guiding the associate individuals.
Conversational-presenter and associated-presenter streams adhere as two additional and interchangeable paths to
assist inquiry and submission types frequently observed. Conversational coverage, knowledge repositories,
indications of activity captured within the interaction envelope, and reply rendering further characterize the
content perspective within the engagement scheme.

Case Studies and Comparative Perspectives

Several public library case studies provided evidence of different experiences, outcomes, and user impact
from Al engagements. For instance, the Allen County Public Library reported automation of over 60% of
metadata entry for electronic resources, increasing productivity by almost five times, and an overall increase in
collected data. Other implementations involved video content discovery, reader’s advisory support via automation
of age and grade-level classification in youth materials, and surveying WorldCat holdings to identify High
Density Storage candidates (P. Metzler, 1990). Al applications in academic libraries were described in
experiences from the University of Central Florida, where bibliography generation for machine-generated and
scanned documents exhibited 60% literature survey and ad-hoc citation frequency for STEM subjects. The ETD
Triage Project at the University of Alabama Library leveraged document conversion to PDF/A and open-source
detection techniques to re-evaluate literature preservation. The Capstone College Library further examined
processing patterns, including print-to-scan ratios (Asemi & Asemi, 2018).

Al applications in special libraries were documented at the John W. Hartman Center for Sales,
Advertising & Marketing History at Duke University, where a collection in the marketing and advertising domain
led to copyright-sensitive content under the selection criteria, and at the Seaver Center for Western History
Research at the Natural History Museum of Los Angeles, where Al techniques aided the determination of
appropriate access controls in handling text and image content.

1. Public Libraries

Public libraries have adopted Artificial Intelligence (Al) technologies such as Natural Language
Processing (NLP) to enhance user interaction. NLP allows machines to comprehend, interpret, and produce
human language, facilitating library guidance and navigation. Deep learning, particularly Deep Neural Networks
(DNNs) like Convolutional (CNNs), Recurrent (RNNs), and Graph Neural Networks (GNNSs), analyzes smart-
library data by identifying and representing critical features. Recommender systems mitigate information
overload by proposing pertinent books and research papers, thereby increasing operational efficacy and reader
loyalty (Bi et al., 2022).

Public libraries also benefit from Al applications in cataloging, indexing, information retrieval, and decision
support. Recommendation systems and NLP techniques exhibit substantial advancement, with recommendation
systems being the most developed in Iranian libraries. Other Al capabilities include speech recognition, machine
translation, and librarian robots. A review of Al use across Iranian public, technical, and management services
found significant progress in recommendation systems while NLP remained less developed (Asemi & Asemi,
2018).

2. Academic Libraries

Academic libraries have primarily adopted Al technologies for resource discovery and recommendation
systems and for catalogue management that includes metadata generation. Citation analysis shows that the current
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evidence base similarly emphasises search and recommendation approaches over catalogue-related techniques.
Continued engagement with Al could foster a more data-centric approach to academic library services. The
literature on research data management highlights extensive tracking of dataset activity, curation pipelines that
identify and preserve datasets, and multiple metrics for measuring the reproducibility of research projects. The
corpus also describes approaches to mining research activities at scale, which draw upon data from institutional
repositories, and advances in multilingual language processing that support cross-language discovery of datasets,
papers, and institutions. Al technologies promise substantial benefits for academic libraries, while governance
frameworks are needed to realise them equitably (Asemi & Asemi, 2018). Automated catalogue management can
markedly reduce staff time devoted to metadata generation and improve catalogue completeness, accuracy, and
turnaround times. Resource-discovery and recommendation systems simplify access to and guidance on vast
information resources, enhancing engagement with library services. Evidence indicates that Al-enabled search
models outperform established baselines, while fully functional recommender systems increase user satisfaction.
Research support, a major driver of library transformation, involves effective management of research datasets
throughout their lifecycle, including curation, documentation, and promotion. Academic libraries have
significantly accelerated the adoption of Al technologies relative to public and special libraries; 40 percent of
pertinent publications emerged within the last two years.

3. Special Libraries

Special libraries differ from other libraries in their specific collections, clientele, and the emphasis they
place on maintaining accessibility and security of information. These libraries can include those in government,
law, civil society, business, and medical fields, and each type of special library will apply Al differently—though
many of the strategies remain the same across traditional library boundaries (Asemi & Asemi, 2018).

The foundation of a library’s collection is acquisition, which entails communication with publishers and,
at times, the analysis of the complete collection’s contents. In the law library sector, attorneys request information
pertaining to specific legal situations, and in the medical field libraries follow like patterns. Maintaining such
relevant and high-quality collections is even more critical since it directly affects the institution’s output. Al
technology supports the acquisition process by identifying collections that are most relevant to the institution’s
activities, mendulating acquisition language style directly to sources pertinent speech by the same publisher,
and/or by helping subject-matter specialists align the collection with institutional requirements. Preserving and
archiving collections is an equally sensitive area. Al mechanism technology assists detection of phenomenon
against the definition of norm, which provides metadata for archiving purposes and assists deciding priorities for
archiving activities. The acquisition of multi-media documents is another aspect of such collection, whereby a
centrally collected multi-media document helps to identify acquisition priorities. Integration of all collections
across departments or disciplines helps and encourages inquiry outside the normal domain.

Future Trajectories and Research Gaps

Over the last decade, the library profession has seen steady growth in the application of artificial
intelligence (Al) techniques to support a wide range of operations and research activities. These efforts are widely
reported, but they vary substantially among types of libraries and geographic regions. The situation creates
opportunities to examine Al projects across institutions, drawing on evidence gathered during implementation to
shed light on prevailing trends. Moreover, the body of library-focused research on Al indicates persistent interest
but also illustrates critical gaps in the literature itself. Following a detailed exploration of the methods and
impacts of applied Al, it is evident that many important avenues of inquiry remain untapped. The remainder of
this section highlights emerging Al techniques with clear library applications, outlines inter-institutional and
inter-systems interoperability challenges, and reviews the search for sustainable institutional Al approaches and
supporting governance frameworks (Bi et al., 2022) ; (P. Metzler, 1990).

1. Emerging Techniques and Innovations

Artificial Intelligence is an emerging technology introduced to libraries only in the early 2000s (Asemi &
Asemi, 2018) , yet the main frameworks and specific applications have already undergone several iterations and
refinements. Libraries are expected to continue to invest in, research, and adopt innovative use cases for Al. Such
efforts may not align with the commonly cited major Al research areas such as vision, image processing, audio,
signal processing, robotics, and gaming but libraries have made considerable advancements in a variety of Al
techniques and models specifically in support of library functions (Bi et al., 2022).

2. Interoperability and Standards

Library systems benefit from interoperability among Al-based tools that aid information retrieval or
analysis. Interoperability enables data generated by one tool to be leveraged by other compatible tools, increasing
the range of potential operations, deepening the analysis performed, and reducing the effort required by users to
conduct certain sequences of operations. Tools such as OpenRefine, RapidMiner, and ProVal are explicitly
designed to enhance interoperability by supporting the exchange of work between other tools and fostering a
modular software development approach that streamlines the integration of new functions. Many of these
interoperability efforts grow by leveraging existing standards for defining data structures and machine-readable
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operations such as the Artwork Ontology, Dublin Core Metadata Element Set, and Simple Knowledge
Organization System (Bi et al., 2022). Other tools or systems adopt existing standards for controlled vocabularies
to identify individual parameters and for documenting the purpose of specified components in an effort to define
shared expectations that facilitate smoother integration across software packages. Similarly, several resource
description frameworks aim to provide a common architecture or abstract way of thinking about various
information-resources, materials, or objects in order to characterize the nature of generic building blocks with the
aim of fostering interoperability (P. Metzler, 1990).

3. Sustainable and Scalable Al in Libraries

Artificial Intelligence Applications in Libraries: Methods, Impacts, and Future Directions As libraries
initiate the incorporation of Al processes, a notable pattern is the pivot towards methods ensuring sustainability
and scalability. For institutions operating under the principles of open access—conditions that further the broad
dissemination of knowledge—these approaches can be pivotal (Bi et al., 2022). A range of specifications and
choices can significantly shape a library’s degree of sustainability and appropriateness concerning their existing
methods, shaping the long-term efficacy of Al adoption and influencing capacity for effective implementation of
further techniques. Through the specification of these points, common knowledge perspectives regarding the
sustainability of Al deployment within libraries will be integrated into local frameworks and operational
approaches.

Conclusion

Artificial Intelligence (Al) radically transforms library operations, augmenting their ability to serve user
and societal needs. The following core claims summarize these transformations, framed as a rationale. Al
dramatically enhances libraries’ ability to support resource discovery. Library catalogs rapidly grow rich in
complex, diverse metadata. Yet searches increasingly rely on search engines offering broader coverage, lower
user effort, and higher perceived relevance. Library values nevertheless threaten broad adoption of existing
discovery tools. Advanced Al search, recommendation, and personalization techniques therefore enable timely
upgrades to resource-discovery infrastructure, harmonizing library goals with progressively maturing alternative
systems. Al also strengthens libraries’ capability to safeguard digital preservation processes. Global digital
preservation efforts empirically document persistent material loss and widespread preservation risks. Enhanced
understanding of the institutional landscape, repository management, and storage options reveals that material and
metadata degradation constitute ubiquitous threats across many digital-preservation ecosystems. Acknowledging
this reality, emerging digital-preservation tools automatically monitor anomaly signals and assess corresponding
risks, enabling libraries to implement targeted, effective, preventative measures.

Al increasingly empowers libraries to deliver research data-management services. Effective policies and
procedures ensure research data undergo proper curation before publication, enabling efficient prior-use,
compliance with funder mandates, support for future reproducibility, and alignment with institutional
transparency goals. Established research data-management practices specify the application of broadly applicable
yet mathematically intensive techniques. User-centric and text-based data-management interfaces deployed
independently from existing facilities, however, complicate support for early-state data-management tailoring.
Strategies combining topical extraction with policy-analysis embeddings and exemplary dataset provision address
this implementation challenge. Al augments libraries’ capacity to accommodate research-support needs by
facilitating data-centric assistance. Rapidly accelerating change permeates the research landscape. Shifts in
publish-or-perish dynamics, open-access operations, preprint services, researcher acknowledgment, and citation-
naming frameworks further intensify stress already exhibited during previous upheavals. Similar behaviours boost
analysis demand among already large and diverse library user bases. Libraries nevertheless lack concrete, detailed
evidence illuminating research practices to target effectively. Generic approaches tailored locally misalign with
intensive topical shifts. Well-established data-centric research-analysis capabilities collectively address this gap
while advancing descriptive understanding.

Al further broadens libraries’ ability to implement timely, efficient reference assistance. Contemporary
assistance readily adapts to each user inquiry’s format, urgency, and knowledge. Library shifts from traditional to
digital reference reflect this adaptation; collective systems offering timely, remote service without geographical
relocation. Conversational agents also extend the time and space metaphor—users convene with hours of
interaction from numerous initial contacts. Exponential growth in provincial, national, and institutional library
datasets across concerted efforts, regulatory frameworks, insufficient infrastructures, and other constraints
constrains broader advancement. User flexibility and proactive data-holding inquiries nevertheless motivate
exploration of general-trained dialogue-query interfaces. Such preliminary investigations now expand to
encompass both dialogue and broader questions. Al reshapes library operations throughout their many functions.
Constructing, maintaining, and enhancing library structures, materials, services, and assessments represent
essential, enduring aspirations. Infrastructure adaptations accord naturally with extant library-material growth,
exploration, and novelty. Expanded digital domains, information-systems uses, and user emergence similarly
illustrate the scale and impact of ongoing Al transitions.
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