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Abstract:  
The present research paper entitled "Artificial Intelligence (AI) and Machine Learning (ML) in Libraries: 

A Systematic Review of Applications and Solutions" provides an extensive image of the present landscape of 

artificial intelligence (AI) and machine learning (ML) tools in libraries. This scholarly work delves into the 

multifaceted applications of AI and ML within libraries, along with collection development and organizing, 

processing in libraries, and existing AI and ML tools and solutions employed in these environments. The 

challenges and impediments associated with integrating AI into library services are also highlighted in this 

research article. It offers insightful suggestions and best practices for integrating AI and ML technology into the 

libraries. 

The research result validate that AI and ML have the capacity to bring about a paradigm shift in the field 

of library operations. These technologies can also improve user experiences and increase the efficacy and 

efficiency of library services. Nevertheless, the adoption of AI technology in library presents inherent challenges, 

encompassing ethical dilemmas, apprehension regarding AI investment, and data quality intricacies. To surmount 

these challenges, libraries are advised to formulate well defined strategic approaches, align AI technologies with 

their institutional mission and user requisites, foster collaborative synergies between library professionals and AI 

specialists, provide comprehensive training and support mechanisms for staff, and ensure strict adherence to 

ethical and legal standards. Overall, the advent of AI and ML technologies in library environment represents 

nascent and pioneering technological characteristics of the 21st century. This dynamic landscape offers new 

opportunities for librarians, professionals and scholars. By embracing these technologies and implementing them 

strategically, libraries can continue to evolve and meet the changing requirements of their users in the digital age. 
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Introduction:  

The research paper entitled “Artificial 

Intelligence (AI) and Machine Learning (ML) in 

Libraries: A Systematic Review of Applications and 

Solutions” highlights the significance of artificial 

intelligence and machine learning technologies in 

the library. According to Das, Sharif and Islam, “AI 

and ML have become major catalysts of reshaping 

our world and the way we think, act, and make 

decisions. The increasing attention of AI and ML 

towards the library sector has been guiding the 

growth of research practices in this domain.  

Therefore, a comprehensive review is 

required to trace the evolution of this field and 

explain the applications of AI and ML in various 

sub-domains of libraries” (Das et al., 2021). 

Application of AI and ML in library offers 

comprehensive perspective for research scholars, 

educators and practitioners looking to advance 

technology oriented techniques and future 

innovative ideas. The study will also examine the 

roles conceived and the barriers and challenges in 

integrating AI into library services. Cox and 

Mazumdar explained some of the most important 

artificial intelligence (AI) technologies, including 

robotics, machine learning, processing of natural 

language, processing image and transcription. They 

also discussed how these technologies may be used 

in library taskes such as metadata development, 

transcription, recommendation and knowledge 

discovery. (Cox & Mazumdar, 2022). Artificial 

intelligence or AI, is a field of computer science that 

develops machinery systems that mimic human 

decision making and learning (Castro & New, 

2016).  

Intelligence means the ability to collect and 

analyze data, transform it into information, and use 

it to guide decisions and actions (Paschen et al., 

2019). AI uses algorithms that mimic natural laws to 

solve problems (Zhang & Dahu, 2019). AI 

technologies can enhance decision-making 

processes and lead the way to computerization 

(Jarrahi, 2018). Artificial Intelligence is an 

interdisciplinary field with connections to statistics, 

mathematics and philosophy, among other field 

(Zhang & Dahu, 2019) (Ecem Gürsen et al., 2023). 

Finally, the research initially presents usage of 

artificial intelligence in libraries.  
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Definition of AI and ML 
The Concept "Artificial Intelligence (AI)" 

first introduced by John McCarthy in a 

contemporary context at the conference held by 

Dartmouth College in 1956 (Xu et al., 2021), 

(McCarthy et al., 1956).  

Although “Artificial Intelligence (AI)” and 

“Machine Learning (ML)” are frequently used 

interchangeably, it is crucial to distinguish their 

precise meanings. “Artificial intelligence (AI) is the 

ability of machines to do tasks that are typically 

associated with human intelligence, such as speech 

recognition, visual perception, decision making and 

cross lingual conversion” (Essay on Artificial 

Intelligence, 2023), (Examples of AI-Artificial 
Intelligence, n.d.). On the other hand, “Machine 

learning is a subset of artificial intelligence that 

concentrate on the creation of computer systems 

which acquire knowledge from data, enabling 

software for enhancing the performance of software 

through interactive learning” (Tucci & Burns, n.d.), 

(Artificial Intelligence (AI) vs. Machine (ML), n.d.). 

The concept of Artificial intelligence and machine 

learning technology in the field of libraries should 

be understood in light of following points: 

Artificial Intelligence (AI): 
The definition of Artificial Intelligence (AI) 

is an ability of machines to execute activities that 

traditionally demand human like intelligence. This 

encompasses technologies that empower machines 

to possess vision, comprehension of written and 

spoken languages, analysing of data, the ability to 

provide suggestions, other cognitive capacities. AI 

can be categorised into two primary types: i) Weak 

AI or Narrow AI focuses on particular tasks, and ii) 

Super AI or strong AI, which possesses a more 

general intelligence akin to human cognition (Sajja, 

2021). 

Machine Learning (ML): 
Within the broader discipline of Artificial 

intelligence (AI), Machine Learning is a specialized 

domain whose primary goal is to build of computer 

systems capable of autonomous learning from data. 

ML encompasses a diverse array of techniques that 

empower software applications to progressively 

enhance their performance through data-driven 

insights. “Machine Learning exhibits a noteworthy 

taxonomy, comprising four fundamental categories, 

namely reinforcement learning, supervised learning, 

semi-supervised learning, and unsupervised 

learning, with every category meticulously designed 

to address specific problem-solving contexts” 

(Davis, 2017), (Agüero-Chapin et al., 2022). 

Moreover, the versatility of Machine 

Learning transcends disciplinary boundaries, finding 

application in a diverse spectrum of domains. The 

role of ML extends with no limitation for the realm 

of robotics, resource management and video 

gaming. Within library domains, Machine Learning 

assumes a central role in the enhancement of 

decision-making mechanisms and the augmentation 

of operational efficiency. This underscores its 

remarkable versatility and effectiveness in 

addressing tangible, real-world problems. ML 

applications in the library are indicative of its 

capacity to optimize decision-making processes and 

enhance performance in complex real-world tasks 

(Stamer et al., 2023), (Chauhan & Yafi, 2023). 

In summation, AI and ML are 

interconnected yet distinguishable concepts 

revolutionizing human-machine interactions. AI, as 

a broader field, encompasses the ability of machines 

to execute functions which traditionally necessitate 

human intelligence. Within AI, ML is a specialized 

subdomain that specifically emphasizes data-driven 

learning and adaptation in computer systems, 

ushering in transformative changes in technology 

utilization and problem-solving paradigms. 

Importance of AI and ML in libraries: 
Machine learning and Artificial Intelligence 

are influencing how libraries function and the 

services they offer (Herrlich, 2023), (What Are the 
Benefits and Challenges of Implementing Artificial 

Intelligence in Library Services?, 2023). The 

following are some significant ways that Artificial 

Intelligence and Machine Learning are affecting 

libraries: 

i) Improved Information Retrieval:  
Artificial Intelligence driven technologies 

improve the effectiveness and accuracy of 

information retrieval procedures. Through the 

analysis of extensive datasets and user behaviour, 

AI systems have the capacity to produce search 

results that are notably more pertinent, and helping 

students and researchers scholars to find the 

resources quickly and efficiently. This saves 

valuable time and improves the overall user 

experience (A Subaveerapandiyan, 2023). 

ii) Data Analytics for Decision-Making: 
Artificial Intelligence (AI) empowers 

libraries to leverage data analytics as a strategic tool 

for enhancing decision-making processes. Through 

the examination of usage patterns, AI-driven 

technologies offer valuable insights into resource 

utilization, thereby facilitating the optimization of 

library collections, the more efficient allocation of 

budgets, and the customization of services to align 

with the specific requirements of library users. This 

integration of AI and data analytics is substantiated 

by scholarly references (Herrlich, 2023), (A. Cox, 

2023). 

iii) Personalized Recommendations: 
AI also plays a pivotal role in enabling 

librarians to furnish personalized and contextually 

relevant recommendations to library patrons, based 

on user preferences, behaviour, and contextual cues. 

By utilizing natural language processing and 

semantic analysis tools, artificial intelligence (AI) 
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can assist libraries in addressing wider range of 

complicated and varied queries (What Are the 

Benefits and Challenges of Implementing Artificial 

Intelligence in Library Services?, 2023). 

iv) Discovery of New Knowledge: 
By applying data mining and machine 

learning, artificial intelligence can assist librarians 

in discovering novel and advance issues, 

trends,within the information landscape (A 

Subaveerapandiyan, 2023). 

v) Automation of Tasks: 
AI can reduce manual and repetitive tasks 

for librarians, minimize errors and inconsistencies in 

data, and enable interactions with the library 

anytime and anywhere (Daniel, 2021), (Kelly 

Banks, 2023). 

vi) Inclusive Spaces: 
Libraries have a great deal to offer when it 

comes to teaching people about AI’s fundamentals 

and ramifications, including its advantages and 

disadvantages. They can also deliver training to help 

people navigate the new information landscape 

(Committee on Freedom of Access to Information & 

of Expression, n.d.). 

Overall, AI and ML are transforming 

libraries by improving information retrieval, 

providing personalized recommendations, 

optimizing resource management, enhancing the 

user experience, enabling data-driven decision-

making, and fostering collaboration and knowledge 

sharing (Herrlich, 2023), (Kelly Banks, 2023). 

However, there are also drawbacks to using AI in 

libraries, including the requirement that librarians 

educate themselves and their patrons about AI, and 

the fear of being replaced by AI robots (Daniel, 

2021). 

Purpose of the paper: 
The primary purpose of the research paper 

"AI and ML in Libraries: A Systematic Review of 

Applications and Solutions" is to provide a thorough 

compilation of empirical research investigating the 

use of machine learning (ML) and artificial 

intelligence (AI) in the context of libraries. The goal 

of the study is to pinpoint key elements of artificial 

intelligence and machine learning technology that 

are being adopted by prominent institutions, 

including industry leaders like “Google, while 

examining their wide ranging of applications within 

library environments” (Das et al., 2021).  

In order to advance technology oriented 

techniques and anticipate potential innovation 

directions, academics, practitioners, and educators 

can benefit from the study’s comprehensive 

perspective on AI and ML in libraries. The study 

examines how AI and ML are being used in libraries 

through a review of few articles. Topic covered 

includes processing in libraries, constructing and 

managing collections and current AI and ML tools 

and solutions in libraries. The study also emphasizes 

how AI is a cutting edge technology which may be 

applied to library operations, but there are still some 

challenges that need to be resolved including 

sufficient financial assistance, technical expertise, 

and data quality need to be addressed. 

Literature Review 

Defining AI for librarians: 
Defining AI for librarians is an important 

task as it helps librarians to understand the 

technology and its potential applications in libraries. 

In order to define artificial intelligence (AI) for 

librarians, a study first looks at broader definition of 

the term, then analyze the range of technologies that 

fall under its umbrella, define use cases according to 

different areas of library operations and finally 

consider the implications for the profession, 

particularly with regard to equality, diversity and 

inclusion. The study outlined five different 

categories of AI use cases for libraries, each with 

specific requirements for abilities and obstacles. 

Applications for these include back end library 

procedures, library services, data and AI literacy and 

user management (A. M. Cox & Mazumdar, 2022). 

Gasparini and Kautonen provide an extensive 

literature review of how libraries understand, react 

to, and collaborate with AI. The study looks at the 

roles that are expected of AI, libraries and librarians. 

In the final, design thinking is discussed as a method 

for resolving new AI related problems and creating 

more strategic opportunities (Gasparini & Kautonen, 

2022). 

Overview of how libraries interpret, respond and 

works with AI:  
In the recent time, libraries and information 

centers are increasingly interested towards the 

incorporation of AI and ML in their operational 

frameworks. An extensive review of the literature 

revealed that the current state of AI and ML 

research pertinent to the library and information 

science (LIS) field predominantly focuses on 

theoretical works. Nevertheless certain research 

scholars have also significantly emphasized in 

implementation projects or case studies within the 

field, thereby elucidating the dual aspects of 

theoretical and practical dimensions in this evolving 

field (Das et al., 2021).   

Another research found that AI can be 

utilized in libraries for several tasks, such as 

collection development and organization, processing 

and present machine learning (ML) and Artificial 

intelligence (AI) tools and solutions in libraries 

(Ecem Gürsen et al., 2023). The review also 

suggests that AI can help libraries to give their users 

best services. A systematic literature review found 

that AI application in libraries has been increasing 

from 2011 to 2020. The review also suggests that AI 

can assist libraries to improve their efficiency and 

effectiveness (Harisanty et al., 2023). A research 

describes Artificial Intelligence and its potential 
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application in academic libraries. It suggests that AI 

can assist academic libraries in developing user 

services and to improve their efficiency and 

effectiveness (Huang et al., 2023). The early study 

on artificial intelligence in libraries is reviewed in 

the literature, along with studies on expert systems 

and how they effect on library operations (A 

Subaveerapandiyan, 2023). Overall, libraries are 

interested in the potential of Artificial Intelligence 

and Machine Learning to improve their operations 

and services. 

AI & ML tools and solutions in libraries 
Advanced AI and ML technologies and 

solutions in libraries have the potential to 

revolutionize library operations and enhance user 

experiences. Here is a short literature review based 

on the theme: 

By incorporating AI and ML tools in 

libraries, librarians may analyze reader preferences 

and develop automated systems among other new 

options (Adel et al., 2023), Many techniques 

including like KNN, AdaBoost, SVM, and logistic 

regression are frequently used in libraries for 

resource search, book procurement, metadata 

creation and book recommendation (Das et al., 

2021). 

 

“Intelligent Libraries” can leverage AI to 

enhance research, publishing, and education among 

other areas. Chatbots and other AI technologies are 

able to notify libraries when a new book is released 

or recommend appropriate books on the subject that 

are interested in. 

The term of a "participatory library" relates 

to the usage of Artificial Intelligence in libraries, 

and places emphasis on user participation and 

collaboration. AI and ML can be used for data 

curation in libraries, archives, and museums to 

advance equitable systems. AI and ML in the library 

have the ability to enhance user interactions, 

automate functions, and offer personalized 

suggestions (Xu et al., 2021), (Adel et al., 2023), 

(Committee on Freedom of Access to Information & 

of Expression, n.d.). AI in libraries can be seen as 

modern and inventive technological habitat of the 

21st century, providing new opportunities for 

leaders, practitioners, and scientists. 

Obstacles and challenges in implementing AI in 

library services 
“The implementation of Artificial 

Intelligence in library services faces several 

obstacles and challenges. Hussain, Barsha and 

Munshi stated few difficulties in integrating AI into 

library services such as lack of financial adequacy, 

librarians’ attitudes and technical knowledge and 

skills” (Hussain, 2023), (Barsha & Munshi, 2023). 

Folorunsho highlights that libraries may be slow to 

adopt AI, and the advantages and difficulties of 

robots use in library. Further obstacles to 

advancement of AI and ML tools in libraries include 

data quality, ethical problems, and unwillingness to 

invest in AI (Folorunsho et al., 2020). Additionally, 

AI use in libraries requires background technical 

work in areas such as building collections, the 

procurement of library materials and their 

classification and cataloguing. However, despite 

these challenges, AI and ML have the ability to 

enhance library services through work automation, 

providing personalized recommendations, and 

enhancing user interactions (Acheampong & Dei, 

2020). 

Expert systems and their applications in libraries 

Expert systems are computer programs with 

artificial intelligence (AI) that employ predefined 

rules and knowledge to solve issues and take 

decisions. They have been applied in various fields, 

including libraries. Njuku found that expert systems 

can be used in libraries for tasks such as developing 

collection and organization, cataloguing and 

classification in libraries, and reference services 

(Njuku, 2022). Qhal also highlights that expert 

systems can be used in virtual reality for immersive 

learning, reading of books, robot that read shelves 

and reference services. However there may be 

obstacles to the implementation of expert systems in 

libraries including lack of finance, and technical 

skills of librarians (Qhal, 2023). Considering these 

obstacles, “the incorporation of artificial intelligence 

and expert systems in libraries can enhance their 

services delivery and improve library operations and 

services” (Omame & Alex-Nmecha, 2020). 

Applications of Artificial Intelligence and 

Machine Learning in Libraries Operations: 
Collection building and Management: AI 

and ML application in collection development and 

organization in libraries can optimize the selection, 

acquisition, organization, and maintenance of library 

collections. AI tools like machine learning, natural 

language processing enables libraries to automate 

cataloging processes, digitize materials, and 

organize information effectively. This streamlines 

administrative tasks and improves accessibility to 

resources, making them available to a wider 

audience. AI can also help in optimizing collection 

development by analyzing usage patterns and 

predicting future demand for specific resources. AI 

tools may offer insights into resource usage by 

examining usage patterns. This helps libraries better 

manage their budgets, optimize their collection, and 

adapt their services to satisfy the needs of their 

patrons. AI can also help to preserve and 

accessibility of library items by helping with their 

preservation, digitalization, and long-term access. 

These materials include text, photos, audio, and 

video to ensure their integrity and usability. In 

general, Artificial Intelligence and Machine 

Learning implementation library collection 

development and organization can facilitate data-
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driven decision-making, optimize resource 

management, boost user experience, improve 

information retrieval, and promote cooperation and 

knowledge sharing (Herrlich, 2023), (Daniel, 2021), 

(Das et al., 2021). 

Processing in libraries: Application of AI and ML 

tools are to automate and streamline various library 

processes, such as cataloging, classification, and 

metadata creation, to improve efficiency and 

accuracy. 

Circulation and user studies: The usage of AI and 

ML to analyze user behavior, preferences, and usage 

patterns, enabling libraries to provide personalized 

services, optimize resource allocation, and improve 

user satisfaction. 

User services: the development of AI based 

technologies and services, like chatbots, virtual 

assistants, and recommendation systems, to improve 

user interactions, offer instant support, and provide 

personalized recommendations and content. 

Preservation and conservation: In order to 

maintain the integrity and accessibility of library 

items, including text, photos, audio, and video, 

preservation and conservation refers to the 

deployment of AI and ML techniques to support 

these processes. 

Library security: To safeguard user privacy and 

library resources, AI and ML technologies are used 

to monitor and detect security concerns, including 

illegal access, data breaches, and suspicious activity. 

Library marketing: AI and ML usage in library 

helps analyzing user data, social media trends, and 

market insights to develop targeted marketing 

strategies, improve outreach efforts, and enhance 

user engagement. 

Library instruction: The utilization of AI and ML 

to support and enhance information literacy 

programs, providing personalized learning 

experiences, adaptive tutorials, and intelligent 

feedback to help users develop their research and 

critical thinking skills. 

Library administration: The adoption of AI and 

ML in library management and decision-making 

processes, including resource allocation, budgeting, 

and strategic planning, to improve operational 

efficiency and support evidence-based decision 

making (Das et al., 2021), (A Subaveerapandiyan, 

2023). 

Solutions and Recommendations 

Best practices for implementing AI and ML in 

libraries: 

 Develop a clear strategy and roadmap for 

implementing AI and ML technologies in 

libraries, including goals, resources, and 

timelines. 

 Ensure that AI and ML technologies are aligned 

with the library's mission, values, and user 

needs. 

 Foster collaboration and communication 

between librarians, AI experts, and other 

stakeholders to ensure effective implementation 

and adoption of AI and ML technologies. 

 Provide adequate training and support for 

librarians and staff to develop required expertise 

to work with work with AI and ML tools. 

 Ensure that AI and ML technologies comply 

with ethical and legal standards, including 

privacy, security, and transparency (Mishra, 

2023), (Committee on Freedom of Access to 

Information & of Expression, n.d.). 

Ethical considerations in using AI and ML in 

libraries: 

 Libraries should be aware of the ethical 

consequences of using AI and ML technologies 

and make sure that they are aligned with ethical 

principles and frameworks. 

 Libraries should build plans to reduce ethical 

concerns while taking into account the possible 

advantages and hazards of AI and ML 

Technologies.  

 Libraries should ensure that AI and ML 

technologies are transparent, explainable, and 

accountable, enabling users to understand how 

they work and how they affect their privacy and 

rights. 

 Libraries should promote ethical AI research 

and development by supporting the 

development of ethical standards and guidelines 

for AI and ML technologies (Mishra, 2023), 

(Bubinger & Dinneen, 2021), (Huang et al., 

2023). 

Future directions for research and development 

in AI and ML for libraries: 

 Further research is required to examine potential 

applications of AI and ML technologies in 

libraries, including new areas ex. virtual and 

augmented reality, blockchain, and the Internet 

of Things etc. 

 Research should focus on developing new 

models and tools to support and enhance library 

services and operations, including collection 

management, user services, and information 

retrieval. 

 Research should also explore the ethical and 

social impact of AI and ML technologies in 

libraries, including issues related to privacy, 

security, bias, and accountability. 

 Libraries should collaborate with other 

institutions and stakeholders to share 

knowledge, resources, and best practices in the 

development and implementation of AI and ML 

technologies. 

 

 

Conclusion  
In conclusion, user experiences and library 

operations could be drastically changed by growth 
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in artificial intelligence (AI) and machine learning 

(ML) technology. Application of modern 

technologies in library operations and in providing 

library services to users can be advantageous, in 

terms of collection building and management, 

processing, preserving, library administration, and 

user services. Integration of AI and ML 

technologies in the library can be beneficial in 

various ways, such as improving retrieval of 

information, resource sharing and management 

optimization, enhancing user experiences, data-

driven decision-making, knowledge sharing, and 

collaboration.  

However, the implementation of artificial 

intelligence and machine learning technologies into 

libraries have also brought challenges and barriers 

such as adequate financial availability, high quality 

of data, and technical and subject expertise. To 

overcome these issues, libraries should develop 

clear blueprint and strategy for implementing AI and 

ML tools and make sure that these are in line with 

their objectives and the needs of their users, poster 

collaboration between AI specialists and librarians, 

offer staff assistance and training, and ensure that 

these measures are compliant with legal and ethical 

standards. 

All things considered, AI and ML 

technologies provide libraries with exciting 

prospects to satisfy the ever-evolving requirements 

of their users, provide innovative services, and 

accommodate to the shifting information landscape. 

Libraries can take the lead in the information 

ecosystem of the twenty-first century by adopting 

these technologies and best practices, opening up 

new doors for practitioners, scientists, and leaders. 

Summary of key findings 
Technologies like AI and ML have the 

power to revolutionize library operations and 

services, offering benefits such as improved 

efficiency, enhanced user experiences, and better 

decision-making. 

There are several categories in which 

libraries can apply AI and ML technolgies including 

developing collection and organization, processing, 

circulation and user studies, user services, 

preservation and conservation, library security and 

marketing, library instruction as well as library 

administration. 

Best practices for implementing AI and ML 

in libraries include developing a clear strategy, 

aligning technologies with the library's mission and 

user needs, fostering collaboration, providing 

training and support, and ensuring ethical and legal 

compliance. 

Ethical considerations in using AI and ML in 

libraries include privacy, security, transparency, and 

accountability, and libraries should promote ethical 

AI research and development. 

Future directions for research and 

development in AI and ML for libraries include 

exploring new technologies, addressing ethical and 

social implications, and developing new models and 

tools to support library services and operations. 

Implications for libraries and librarians: 

1. Adopting AI and ML technologies can help 

libraries and librarians by improving their 

services, operations, and user experiences. 

2. AI and ML can help libraries in areas such as 

collection management, information retrieval, 

user engagement, and decision-making. 

3. Librarians should be prepared to acquire 

different new skills and knowledge to work 

efficiently with AI and ML technologies, and 

libraries should provide training and support for 

their staff. 

4. In order to make sure that AI and ML 

technologies are aligned with ethical principles 

and frameworks, libraries should also be aware 

of the ethical consequences of adopting these 

technologies. 

Limitations and future research directions: 
1. The study of AI and ML in libraries is still in its 

early stages, and there’s required extensive 

empirical research and practical applications to 

fully understand the future potential and 

difficulties of these technologies. 

2. Future research must focus on subjects like 

privacy, security issues, bias and accountability 

as well as ethical and social implications of AI 

and ML technologies in libraries. 

3. In order to completely harnessing the potential 

of AI and ML in libraries, we need more 

interdisciplinary research for collaboration 

between AI experts, librarians, and other 

stakeholders. 
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