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Abstract

This review article is focused on the present and past applications of Artificial Intelligence (AI) and Machine Learning
(ML) in modern libraries and the transformation of these libraries from the past to the present and even the future. Many
of them in the past years relied on basic tools such as the Dewey Decimal Classification System and Card Cataloging
and now with computers and the new world of the digital age. These technological changes gave rise to the use of
OPACs and digital libraries. The review is grounded on the modern advances where the application of Al and ML in
cataloguing is achieved through the use of automated systems and metadata developed by the Al in changing the user
services through the use of chatbots, personalization, and collection development / operational efficiency through the
use of predictive analytics and automation. Some of these technologies and the advantages that accompany them are
described through examples of case studies. Some issues are related to technical and financial difficulties, data
protection, and staff development. Thus, further experience suggests that it will be necessary to rise to these challenges
and search for new technologies with the help of this review. Therefore, this systematic review guides the librarians,
researchers, and policymakers regarding the use of Al and ML for enhancing library services which also depicts the
future and real-world uses of Al and ML in the library context.

Keywords: Artificial Intelligence, Automation, Cataloging, Classification, Digital Repositories, Library Services,
Machine Learning, Predictive Analytics

1. Introduction

Technology has been one of the major influencers of the evolution of library services and Al & ML is the latest
innovation. In the past, libraries were considered as places where information is stored, and with the shift to digital in
the last few decades new roles for the libraries have been needed. Al and ML have become central to this change as
libraries are now in a position to provide better, more specific, and more complicated services. This is in line with the
trend that has seen many organizations embrace digital solutions where Al and ML are used to perform tasks, support
decision-making, and provide personalization (Hussain, 2023).

The ones that have been most affected by the digitization of information are the libraries. First, attempts were made to
preserve the collections to make them available to users around the world. However, the volume of digital information
that was being generated was rising rapidly and required better ways of searching and locating these huge assets. Al &
ML have offered solutions in the realm of content management, search and result, and interface (Cox & Mazumdar,
2024). The application of Al in library services has enhanced the user and information resource engagement hence
altering the role of a library. Al on the other hand is a sub-discipline of computer science that deals with the use of
intelligent machines that are capable of functioning and even reasoning like human beings (Cai et al., 2021). Artificial
intelligence is a general term and one of its branches is machine learning which is the ability to build models that enable
the computer to learn from data and make predictions. In libraries, the technologies are employed to reduce the amount
of time that is spent on accomplishing routine tasks, to improve the rate of information delivery, and to improve
customer satisfaction. Al and ML are core in the present day library management since they help in transforming the
way that information is searched and used. There is no doubt that one of the most important areas in which AT and ML
have been most evident in libraries is information retrieval. The keyword-based search systems that are used in most of
the traditional information retrieval systems are especially known for their inability to handle natural language
processing. Al-based systems use natural language processing to interpret the query of the user and therefore are more
suitable for providing the right results (Sarker, 2022). This is especially true in academic libraries where the accuracy of
the search results can greatly affect the results of the research. In addition, Al and ML have been beneficial in the
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creation of recommendation systems in the library that recommend relevant materials according to the user’s behavior
and preferences making the user more involved and helpful in the identification of new resources (Liu, 2022).

These two technologies are also revolutionizing the collection and the service delivery systems in the libraries. The
application of these technologies in predictive analysis assists the libraries in forecasting the usage of the resources and
adjusting the stocks as deemed necessary. In this way, the libraries can be useful to the users and avail the necessary
resources at the right time. Furthermore, when it comes to cataloging and classification of books, the use of artificial
intelligence, thus automating the whole process can greatly reduce many of the tasks that are performed by the librarians
freeing up their time and efforts to engage with the users in a more meaningful and productive manner (Tella et al.,
2023). Al and ML have also influenced the positive change in the user experience in libraries as the two are applied.
Users are helped in real time for example in matters concerning the use of digital libraries or asking research questions.
These tools are always online, and this means that the users will always find someone to assist them, thus improving the
user experience. In addition, Al and ML are used to improve the means through which libraries are provided to users
with disabilities (Pence, 2022). Features like speech recognition and automatic transcription services help visually or
hearing-impaired persons to be able to engage with the content and services hence making the libraries accessible to all
the users. However, there are some ethical issues arising from the use of Al and ML in libraries, which mainly concern
the privacy of data. Al and ML systems are data-driven and the data, which is fed to the systems, may contain
information about the users. These are some of the questions that libraries have to answer effectively regarding user data
and its usage. The users must have confidence in the data that is being gathered and analyzed and this can be achieved
by being transparent (Lo, 2023). Another problem is the problem of bias because the algorithm is based on the data and,
therefore, it is possible to obtain biased results in the search or recommendation. To minimize this risk, libraries have to
work with multiple datasets and always evaluate and adjust the algorithms according to the context. It can be assumed
that the development of Al and ML in the future will influence the library services of the future. These technologies are
still rather young and the future possibilities are much more complex, for instance, the option to choose content and
analyze what the user may need next. Society will benefit from these innovations since the libraries that will have
adopted such changes will be well-placed to meet the needs of society in terms of efficiency, individuality, and access to
services. However, the integration of AI and ML will need librarians, technologists, users, and the tools to respect the
basic tenets of libraries such as the freedom of information, privacy, and equity. If these problems are effectively dealt
with, they can be turned into opportunities that will help libraries take advantage of the opportunities that Al and ML
hold to provide the necessary knowledge to the people.

2. Historical Context and Evolution of Library Services

For example, that for instance has been a focal point of knowledge management, especially in the area of physical
knowledge such as books and manuscripts. Earlier the libraries had manual systems and all the operations such as
cataloging, classification, circulation, etc were done by the librarians. The Dewey Decimal System which was developed
in 1876 assisted in the classification of the libraries’ stocks and also assisted the users in the search for the materials and
also assisted the librarians in the administration of the stocks (Wiegand, 2015). Referral services were among the
traditional libraries where the information librarians helped the users in searching for information and resources. Using
interlibrary loans, libraries were able to borrow books from other libraries, and thus the number of documents available
was not limited to local ones (Battles, 2004). Technological facilities were limited; the library used card catalogs as the
means of finding the available materials. These catalogs were kept by the librarians while the borrowers’ checkouts
were recorded on some physical dials (Rubin & Rubin, 2020). The last decades of the twentieth century witnessed a
revolution in the services that were being offered by libraries because of computers and other technologies. During the
1980s Online Public Access Catalogs (OPACs) were introduced to replace the conventional card catalogs so that books
and other resources could be searched electronically. This change was a large one and enhanced the flow of work and
information (Wells, 2022). In other areas, Extended ILS automated acquisitions to circulation process, improve
efficiency, and acquire data for improved resources (Bracke et al., 2023). Digitization of materials also added to the
growth of library services since documents were transformed into digital formats and such documents could be stored in
digital libraries. It was the digital libraries and repositories that gave the users access to a large number of research
papers and manuscripts. The internet was instrumental in this transformation since through the library patrons were able
to access electronic databases and online journals making the libraries a world resource. Virtual reference services can
be described as a new type of reference service whereby the librarians respond to the users’ queries using electronic
means of communication including e-mail and instant messaging (Madu et al., 2020). The use of Al and ML in the
provision of library services is the last development in the evolution process of library services. Intelligent search
systems were among the earliest forms of AI which incorporated the use of natural language processing and context
awareness to enhance the efficiency of the search (Schmidt & Etches, 2012). Some of the innovations that have been
incorporated into digital collection management and user experience include Al recommendation systems that suggest
materials based on the user’s preferences and are then refined using ML (Alomran & Basha, 2024). They have also
helped in managing libraries through predictive analysis since it helps the libraries to predict trends and make the
necessary changes to the collections and decisions. For instance, Al can anticipate the high demand for materials, which
will help in obtaining the same on time. Al and ML are expected to be integrated into library service delivery systems
because as technology advances, libraries will look for ways of including the two in their service delivery systems to
increase the ways of finding information and to ensure that the resources are relevant to society.
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3. Current Innovations

3.1 Cataloging and Classification

Al has affected cataloging and classification by enhancing the use of automated systems and better generation of better

metadata.

e Automated Cataloging Systems: Automated systems also help the cataloging process to be less time-consuming and
minimize the errors that are likely to occur as the information is processed by the system. (Golub, 2021)

o Al-Enhanced Metadata Generation: These tools employ NLP and include the development of standard and rich
metadata to enhance the identification and classification of the resources (Kannaujia et al., 2024).

3.2 User Services

Al improves the experience of the user through the use of chatbots and other services.

e Chatbots and Virtual Assistants: They are available 24/7 to assist the users and answer their queries and even self-
learning from the conversation (Kaushal & Yadav, 2022).

o Personalized Recommendations and Advanced Search Features: The result is that users’ satisfaction is enhanced
because Al algorithms are capable of recognizing the users’ preferences and providing the users with more relevant
content and search results (Khan et al., 2023).

3.3 Collection Development

Al improves ways of choosing resources and managing collections.

o AI-Driven Tools for Resource Selection and Acquisition: These tools assist in identifying the trends and needs of
the users and assist the librarians in the decision-making of acquiring new material (Echedom & Okuonghae, 2021).

e Predictive Analytics for Collection Management: Al-based predictive analysis played an important role in
predicting the resources needed to support collection management (Mallikarjuna, 2024).

3.4 Operational Efficiency

Al is also effective in reducing workload since some of it is handled by the system and also in inventory.

e Automation in Administrative Tasks: Al helps in minimizing time-bound activities such as scheduling and reporting
thus saving the time of the staff while at the same time minimizing errors (Abudulsalami et al., 2024).

o Al for Inventory Management and Logistics: The resources are well managed and any problem related to stock and
supply chain is handled using Al systems hence resolved immediately (Jafari et al., 2023).

4. Impact of AI and ML on Library Services

Al and ML have transformed library services by enhancing users’ experiences, enhancing efficiency, and supporting
informed decision-making (Cox et al., 2019). Another major advancement is in the area of the user interface where
artificial intelligence technologies such as Natural Language Processing (NLP) make search more natural and
conversational where users can use natural language to interact with the library databases (Taskin & Al, 2019).
Automated tools such as chatbots and virtual assistants are smart and help the user’s guide them through the search
process. Moreover, the application of machine learning algorithms allows for recommending books and other materials
based on the user’s activity and preferences, which improves the relations with library collections (Koren et al., 2009).
Other features like text-to-speech and speech-to-text also assist in addressing the needs of disabled persons (Huq et al.,
2024). Some of the other benefits are also related to operations as Al and ML reduce the amount of work done manually
in a library. Automated cataloging system also benefits from machine learning in that it can minimize the time that
librarians spend cataloging new books through efficient classification of the books (Mahmud, 2024). The application of
predictive analytics in the management of inventories also helps libraries in demand forecasting, stock control, and
acquisition. Automated storage and retrieval systems and robotic process automation reduce the extent of handling
materials that are needed. In the context of data-driven decision making Al and ML offer complex tools to gather and
analyze usage data which can be valuable for the understanding of the users and their consumption of resources. It
assists libraries in the decision-making process concerning the development of collections, space, and services
(Jinendran & Kumar Behera, 2023). According to the patterns and trends that are obtained from the users’ interactions,
machine learning provides suggestions on the use of resources and services (Nicholson & Watson, 2020). Predictive
analytics also assists in budgeting and planning in that the former assists in forecasting future needs from past
performance (Chen et al., 2012). Therefore, the integration of Al and ML in libraries has enhanced the functionality of
the libraries and the experience of the users and management of the resources.

5. Case Studies and Practical Applications

The current Library services have adopted Al and ML that have advanced the existing Library services in such aspects
as cataloging, digital archives, and information search. One is a study of the application of Al in the handling of born-
digital archives in cultural organizations where such collections are only accessible to researchers because of issues such
as privacy, copyright, and technicalities (Jaillant & Caputo, 2022). Some of the tasks that require machine learning input
involve sensitivity review and content search since the identification of sensitive information and other related tasks are
normally done manually. This has enabled all the other contents which are not sensitive to be fully accessible to the
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public and at the same time reduce the amount of work as it was earlier. However, challenges that are yet to be solved
are: Some of the problems that have not been fixed are; Algorithm mistakes, ethical concerns including bias, and
information disclosure. However, people’s involvement in such processes is the key since it is impossible to completely
rely on algorithms and the results provided by Al It is also important to invite other specialists for the ethical and
effective integration of Al in the framework of digital archives (Jaillant & Caputo, 2022). The second case study relates
to the application of Al in the Iranian library systems with a special reference to the improvement of the cataloging
ability through the superior ES, RS, and DM tools. ES even acted like a librarian so that all the items that were being
classified were being classified in the same way and RS provided the search query, and keywords (Asemi & Asemi,
2018). According to the users’ words, DM used the cataloging data to solve patterns to enhance the operations. While all
these Al-based tools helped improve the cataloging process and brought human intervention to a very low level, the lack
of better NLP tools was a drawback in achieving a higher level of automation and integration with other library
software. Nevertheless, through the use of these tools, the less competent employees were in a position to make
decisions that only an expert would make, which serves to show that Al is an enhancement of conventional library
services. Still, there is a need to incorporate the NLP in the process and integrate the ES and RS in the process of library
cataloging The use of the two has however shown that it is possible to improve the automation of the cataloging process
in libraries.

Table 1: Case Studies on the Application of AI and ML in Library Services

Case Study Application Key Achievements Challenges Future Considerations
Born-Digital Archives AI for sensitivity JReduced manual work Algorithm errors Human oversight
(Jaillant & Caputo, 2022) | review and content [Public access to non-sensitive Ethical concerns Ethical integration
search content
ranian Library Systems Ml for cataloging |Consistent classification Lack of advanced [NLP and ES/RS
(Asemi & Asemi, 2018) using ES, RS, and [Improved decision-making NLP integration
DM tools Limited software
integration

6. Future Prospects and Challenges

The application of Al and ML in enhancing the services provided by the libraries has a lot of prospects. The most
eagerly expected one is that of intelligent, automatically controlled, and individual library spaces. Al could also replicate
the same and suggest content, decide what the user will search for, and suggest to the users the most likely content that
will suit the user, respond to the usage pattern of the user, and suggest the most likely kinds of content that are likely to
be of interest to the user (Cordell, 2020). They also have the inflection of reducing cataloging indexing and data
processing roles that would enable the librarians to assume user-centered roles (Sonawane, 2024). Further, Al could
enhance accessibility because of offers better translation than Google Translate into 90+ languages as well as speech and
reading services for the disabled (Panda & Kaur, 2023). However, challenges persist. The first one is more of the
question of data protection. It is because technological libraries have been places where people could search for
information without much impact on them, but now they face dilemmas about how much user data should be collected,
stored, and analyzed to provide Al-driven services without infringing on privacy rights (MYLAPILLI, 2023). In
addition, the cost of acquiring artificial intelligence technology is expensive, a factor that is a disadvantage to some
institutions to some institutions (Barsha & Munshi, 2023). Other issues that may cause concern include; a lack of
employment once automation is embraced because some of the jobs available in the library may not be very popular in
the market (Tell, 2020). Another thing to consider about the third is the ethical consideration of the problem of Al
algorithm bias that if not well addressed could pose a danger to the provision of information and service delivery (Chen
& Lee, 2024). Over recent years, the development of Al and ML in libraries also looked rather promising; however, the
issues described above must be comprehended so that innovative technologies will not influence the role of libraries as
equal opportunity providers for society.

7. Conclusion

Combining Al and ML in the current library services is an improvement in the traditional manual systems. The changes
introduced by Al and ML in libraries have been made possible by the history of libraries and their organization from the
Dewey Decimal System, card catalogs, and the modern digital library. The current advancement in OPACs and digital
repositories has been built based on the development in the late twentieth century. Al and ML have revolutionized the
cataloging process by automating it and enhancing metadata generation, besides enhancing user services through
chatbots, virtual assistants, and recommendation systems. Since there is a generally positive outlook towards these
technologies, the benefits of these technologies cannot be overemphasized. It has improved operational efficiency,
improved the end-user experience, and provided better insights for better collection management and resource
optimization. Examples have then been given to illustrate how the idea has been employed and the gains achieved such
as in the area of access and effectiveness. But there are also some problems related to the integration of Al and ML such
as technical problems, high costs, data privacy issues, and the need for constant training of the employees. In the future,
managing such problems will become significant for the further evolution of library services. Potential future
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improvements include the development of improved algorithms, increased automation, and easier access. All these
developments must be handled carefully by libraries while considering the technological aspects, the ethical questions,
and the equity question. In conclusion, there are numerous opportunities in the use of Al and ML for developing library
services and further research and practice will be needed to reveal them.
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