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The behavior analytics have transformed traditional iecei\/te?jﬂ;l//%%//é?éﬁs
reference services into more interactive and personalized dgfeegfepub“caﬁon: 20/06/2026
services. The study also discusses the emergence of
generative artificial intelligence and its role in enhancing | Keyword:
user experience through faster, continuous, and more v' Smart Reference
inclusive access to information. At the same time, the Ser\‘/"czst.f. 1 ntelli
research addresses the ethical challenges associated with v MrOId(I;;Ir?Lirt])r?irilgsence
these technologies, especially the issues that are related to v Ethical Challenges
privacy protection, algorithmic bias, information reliability,
and the decline of human interaction within libraries.

Furthermore, it explores the current state of smart reference
service implementation in modern libraries and identifies
the requirements necessary for successful digital
transformation. The study concludes that achieving a
balance between technological innovation and professional
ethics is essential for the future of libraries in the digital age.
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1. Introduction

Libraries in the digital age have undergone profound transformations as a result of the rapid
development of information and communication technologies. Among the most significant
emerging technologies is artificial intelligence, which has reshaped the nature of library services,
particularly reference services. These services are increasingly rely on intelligent systems capable
of delivering information quickly and accurately, rather than limited to direct interaction between
users and librarians; thereby enhancing the overall user experience within the library environment.

Artificial intelligence applications, such as chatbots and intelligent search systems, have
also contributed to the development of reference services by providing continuous, round-the-clock
support to users. These systems are capable of handling multiple inquiries simultaneously,
representing a significant shift in the way reference services are delivered in modern libraries.

However, despite the significant opportunities it offers, this technological transformation
also raises a set of ethical challenges. These concerns are particularly related to the protection of
user privacy, the assurance of information neutrality, and the mitigation of algorithmic bias. This
situation calls for a reconsideration of the professional and ethical frameworks that govern library
practice in the digital age.

In light of the growing adoption of modern technologies in reference services, the present
study raises the following research question:
How do the smart reference services in modern libraries reflect the technological innovation
while simultaneously posing ethical challenges?

1- Conceptual Framework
1-1- The concept of reference services (Sheehy, 1986, pp. ix—xi)

Reference services are defined as the services provided by libraries to assist users in
accessing information and answering their inquiries by using various sources, whether printed or
digital. Over time, these services have evolved to include electronic and interactive forms that rely
on databases and digital systems.

1-2-The concept of smart reference services

The Smart reference services refer to the use of artificial intelligence and machine learning
technologies in delivering reference services. This involves the application of tools such as
intelligent assistants, recommendation systems, and advanced search engines in order to improve
access to information and to personalize it according to users’ needs. (Isiaka, 2023)

1-3- Artificial intelligence in libraries

The artificial intelligence has become one of the most prominent technologies used in modern
libraries. It is applied in several areas such as information organization, data analysis, and
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reference services. Studies have shown that this technology plays a key role in improving the
quality of library services and enhancing overall performance efficiency. (Nawaz & Saldeen, 2020)

2- Applications of smart reference services in modern libraries
2-1- Chatbots (virtual assistants)

Chatbots are considered one of the most prominent applications of artificial intelligence in
reference services, as they are used to provide immediate responses to users’ inquiries without
direct human intervention. These systems are characterized by their ability to operate 24/7, which
contributes to improving the quality of reference services and saving time and effort for both users
and librarians. They can also handle a large number of inquiries simultaneously, which enhances
performance efficiency in modern libraries. (Nawaz & Saldeen, 2020)

2-2-Smart Recommendation Systems

The smart recommendation systems rely on data analysis algorithms to provide personalized
suggestions to users based on their interests and previous reading behavior. These systems are used
to guide readers toward appropriate books and resources, which helps to enhance the user
experience within the library, especially among children and young adults. This technology is also
considered an effective tool for promoting reading culture by offering content that matches the
needs of each user. (Ricci et al., 2015)

2-3-Smart Search Systems: (Manning et al., 2008)

The artificial intelligence technologies have contributed to the advancement of search
systems in libraries, enabling them to understand users’ queries more deeply through Natural
Language Processing (NLP) techniques. This allows for the delivery of more accurate and relevant
results. Moreover, these systems support semantic search, which relies on meaning rather than
mere keywords, representing a significant development in the field of information retrieval.

2-4- User Behavior Analytics: (Jannach et al., 2010)

The modern libraries utilize data analytics tools to understand users’ behavior within the
digital environment, such as tracking search activities, the number of resource downloads, and the
most requested subjects. This analysis helps improve and develop reference services in alignment
with users’ needs, and also contributes to making data-driven decisions based on accurate
information.

2-5- Robotics and Interactive Services in Libraries: (Cox et al., 2019)
Some libraries have begun to use intelligent robots to provide guidance services within the library,
such as directing users to the locations of books or assisting them in searching for information.
These applications are considered part of the transition toward smart libraries that rely on direct
interaction between humans and technology.
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Summary
The artificial intelligence applications, such as virtual assistants, recommendation systems, and
smart search, contribute to the development of reference services in modern libraries by enhancing
service quality and personalizing it according to users’ needs. This, in turn, strengthens the role of
libraries within the digital environment.

3- Technological Innovation in Smart Reference Services (Recent and Distinctive
Insights)

3-1- The Shift Toward Generative Artificial Intelligence (Generative Al):
In recent years (2023-2026), a new generation of artificial intelligence, known as Generative Al,
has emerged, including intelligent conversational systems capable of providing complex answers
and analyzing information in a human-like manner. Recent studies have demonstrated that these
systems are already being effectively utilized in reference services within libraries, where they can
respond to reference inquiries and analyze user queries with a high degree of efficiency. (Yang,
2024)

3-2-The Transition from Traditional to Interactive Smart Services:
Recent studies indicate that libraries are no longer limited to providing traditional reference
services; rather, they have shifted toward interactive smart services that rely on real-time
interaction with users, such as:
* Intelligent chat systems
* Semantic search
* Personalized recommendations

A recent study (2024) has shown that chatbots are increasingly being used to replace certain
traditional reference tasks, with their role expanding and their performance improving over time.

3-3-Recent Real-World Models (Case Studies): (Bryant, 2024)

Among the most notable recent developments is the implementation of multilingual
intelligent reference chatbots in some academic libraries, based on advanced language models.
These systems are trained on the library’s own content (such as guides and services), enabling
them to provide accurate and personalized responses to users.

3-4-Enhancing User Experience (UX):
One of the most significant aspects of innovation is improving the user experience, as studies have
shown that the use of artificial intelligence in reference services leads to:
* Faster access to information
* Reduced waiting time
+ Continuous service availability (24/7)
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These systems are also capable of interacting with a large number of users simultaneously,
thereby enhancing the efficiency of library services.

3-5-Toward More Inclusive Libraries:
Another very recent trend is the use of artificial intelligence to support individuals with special
needs within libraries through:
» Text-to-speech technologies
* Intelligent assistants
* Voice interaction systems

Recent studies have shown that these technologies contribute to enhancing equity in access to
information and making libraries more inclusive.

Summary
The field of reference services is undergoing a qualitative transformation thanks to artificial
intelligence technologies, particularly generative Al. Libraries are now offering more interactive,
accurate, and inclusive services, thereby strengthening their role in the modern digital environment.

4- Ethical Challenges of Smart Reference Services

4-1- Privacy Protection Issues:
Protecting users’ data is considered one of the most significant challenges facing the use of
artificial intelligence in reference services, as intelligent systems rely on collecting and analyzing
large amounts of personal data, such as search history and reading interests. This may lead to risks
related to privacy violations or the misuse of data, especially in the absence of clear data protection
policies within some information institutions. (Zimmer, 2014)

4-2-Algorithmic Bias:
The artificial intelligence systems rely on algorithms trained on historical data, which may lead to
biases in the results provided to users. In some cases, these systems may reflect non-objective
tendencies or biases, which affects the neutrality of reference services and raises questions about
the credibility of the information delivered. (Noble, 2018)

4-3-Information Reliability:
Despite the efficiency of intelligent systems, they may sometimes provide inaccurate or unreliable
information, particularly in the case of generative systems. This represents a major challenge for
libraries, which are fundamentally based on delivering accurate and trustworthy information,
thereby requiring continuous human oversight of these systems’ outputs. (Bender et al., 2021)

4-4-Loss of Human Interaction:
Another challenge is the potential reduction of human interaction within libraries due to the
increasing reliance on intelligent systems. Users may lose direct contact with librarians, which is
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an important element in providing reference services with a human and guiding dimension. (Cox,
2022)

4-5-Legal Issues and Professional Responsibility:
The use of artificial intelligence in reference services raises important legal questions, such as:
* Who is responsible for errors in information?
* Is it the system or the library?

This transformation also requires redefining the role of the librarian, so that it is not limited to
providing information, but also includes monitoring intelligent systems and ensuring their ethical
use. (Jobin et al., 2019)

Summary
Despite the advantages offered by smart reference services, they raise complex ethical challenges
related to privacy, neutrality, and information reliability. This requires a careful balance between
technological innovation and professional responsibility.

5- The Reality of Modern Libraries and the Prospects for Developing Smart Reference
Services

5-1- The Current State of Smart Reference Service Implementation:
Many studies indicate that the adoption of artificial intelligence technologies in libraries is still in
its early stages in several developing countries, where libraries suffer from weak technological
infrastructure and a shortage of specialized expertise in the field of artificial intelligence.
Nevertheless, some libraries have begun integrating simple digital solutions, such as electronic
catalogs and online reference services, paving the way toward the transition to smart libraries.
(Asemi et al., 2021)

5-2-Requirements for Transitioning to Smart Reference Services:
The transition to smart reference services requires a set of essential conditions, including:
* Developing digital infrastructure
* Training and up skilling librarians
* Providing up-to-date databases
* Ensuring continuous financial and technical support

In addition, collaboration with technological institutions is considered an important factor in
accelerating this transformation. (Cox et al., 2019, pp. 418-435)

5-3-Prospects for Developing Smart Reference Services:
Libraries are moving toward the development of more intelligent and interactive services in the
future through:
* Integrating generative artificial intelligence
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* Using virtual reality (VR) technologies
* Developing applications tailored for children and young adults

It is also expected that libraries will become fully integrated digital spaces that combine
knowledge and technology, thereby strengthening their role in the knowledge society. (Luo &
Hostetler, 2020)

5-4-Proposed Model for a Smart Reference Service:
A simplified model for a smart reference service in libraries can be proposed, including:
* An interactive digital platform
* An intelligent assistant (chatbot)
* A book recommendation system
* A user-friendly interface for children

This model contributes to promoting a reading culture, especially among younger users, by
providing personalized and engaging content. (Ricci et al., 2015)

6- Smart Reference Service Model (Proposed Framework) ;
Figure: Proposed Model of Smart Reference Services in Modern Libraries

The following conceptual model illustrates how smart reference services operate within
modern libraries:

Users

Interactive Interface (Library Portal / App)

3

Artificial Intelligence Layer
« Chatbot (Virtual Assistant)
« Recommendation System

« Semantic Search Engine

4

Library Database & Digital Resources
« E-books
« Journals

« Catalogs

2

Output Services
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« Instant answers
« Personalized recommendations
o Guided information retrieval

The model shows that artificial intelligence acts as a mediating layer between users and
library resources, enabling faster, more accurate and personalized reference services. It also
highlights the importance of continuous interaction between system components to ensure service
efficiency and user satisfaction.

Recommendations

In light of increasing the artificial intelligence use in smart reference services, modern
libraries should adopt clear strategies to ensure the effective and ethical integration of these
technologies. First, libraries need to strengthen their technological infrastructure in order to support
advanced digital services and intelligent systems. Second, continuous training programs should be
provided for librarians to develop their digital and technological competencies, particularly in the
field of artificial intelligence applications.

Furthermore, libraries should establish ethical guidelines and clear policies related to the user
privacy and data protection to ensure the responsible use of intelligent systems. Human supervision
should also remain an essential component of smart reference services in order to verify the
accuracy and the reliability of information provided by artificial intelligence tools.

In addition, libraries are encouraged to develop inclusive services that meet the needs of
different user groups, including children and individuals with special needs, through voice
interaction systems and assistive technologies. Finally, strengthening cooperation between libraries
and technology institutions can contribute to accelerating digital transformation and improving the
quality of smart reference services in the future.

Conclusion

This study has examined the transformation of reference services in modern libraries under
the influence of rapid technological developments, particularly the increasing integration of
artificial intelligence. It has shown that smart reference services have significantly improved the
quality of library services by making information access faster, more efficient, and more
personalized to users’ needs. Applications such as chatbots, intelligent recommendation systems,
semantic search engines, and user behavior analytics have contributed to reshaping the traditional
role of reference services and enhancing the overall user experience.

The study also highlights that the emergence of generative artificial intelligence has further
accelerated this transformation by enabling more interactive, human-like responses and expanding
the capabilities of library systems. As a result, libraries are increasingly evolving into intelligent
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environments that operate continuously and serve multiple users simultaneously while maintaining
a high level of service efficiency.

However, despite these significant advantages, the study emphasizes that the adoption of
smart reference services raises several ethical and professional challenges. These include concerns
related to user privacy, algorithmic bias, the reliability of information generated by intelligent
systems, and the gradual reduction of direct human interaction between librarians and users.
Additionally, legal and professional responsibility issues remain a critical concern in determining
accountability for errors produced by artificial intelligence systems.

Accordingly, the study concludes that the future of libraries depends on achieving a careful
balance between technological innovation and ethical responsibility. Libraries must continue to
embrace advanced technologies while maintaining their core mission of ensuring free, accurate,
and equitable access to information. Strengthening professional values, updating ethical
frameworks, and preserving the human dimension of library services are essential to ensuring that
smart reference services contribute positively to the development of knowledge societies.
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