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Abstract

Industrial Revolution (IR) is a phase of technological and innovative changes aimed at solving
societal problems. Over the centuries, industrial revolutions have profoundly transformed
economic, social and cultnral landscapes. The advent of the Fourth Industrial Revolution (4"
IR) brings forth a convergence of digital, biological and physical systems, introducing
groundbreaking technologies and trends. These innovations, particularly in Library and
Information Science (LS), have transformed traditional services and offered unprecedented
opportunities while also presenting significant challenges. This paper explores the evolution of
industrial revolutions, with a focus on the 4” IR's technologies and trends, their impact on 1.IS
and actionable strategies to harness these changes effectively. The first up to the current phase (4"
IR) were triggered by discoveries that spurred massive productions in industries, computer-aided
economic and social transformations and the Internet. Each of these phases had implications for
the growth of LIS.
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Introduction

"The illiterate of the 21 Century will not be those who cannot read and write but those who
cannot learn, unlearn and relearn" Alvin Toffler, an American writer, futurist and
author (1928 - 2010).

Library and Information Services (LIS) is a set of organized services and resources
that are designed to meet the information, research and educational needs of a
specific community or user group by facilitating access to knowledge, data and
information in various formats. Librarians and information professionals help to
create and maintain information systems that allow access to knowledge across
the globe (Saykili, 2019). They provide user education by assisting people in
acquiring information literacy that enable them to find, evaluate and use
information efficiently.
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LIS is the core of knowledge management and exchange in today’s world. Its
advantage is that it fosters information literacy. Now, more than ever, with
increased information ovetload and fake news, it is crucial to be able to filter
sources and distinguish legitimate information. LIS gives people resources to get
through the maze of information, which promotes informed citizenship and helps
them to make decisions with the correct knowledge. This reciprocal relationship
with information is the heart of democracy and social advancement.

LIS is a force for social equity and inclusion (Kosmicki, 2019). In pushing for
open access to information and its policy, the discipline has played a role in the
democratic aggregation of knowledge. Access to information is always linked to
social power, and LIS aims to remove barriers that prevent excluded communities
from having access to information (Strover e al., 2020). The social justice agenda
is deeply embedded in the LIS profession, with libraries serving everyone,
regardless of background. By creating inclusive spaces, LIS promotes social
cohesion and empowers diverse groups, contributing to a more equitable society
(Gibson et al., 2017).

Traditionally, libraries have been seen as repositories of books and information—
essential hubs for knowledge, research and lifelong learning. However, the rapid
advancement of the Fourth Industrial Revolution (4™ IR) technologies is
reshaping this traditional perception, challenging libraries to redefine their roles
in a digital and data-driven era. Sife and Matto (2023) have thoroughly emphasized
the importance of addressing this need, providing detailed analysis and supporting
evidence to highlight its relevance in the current context.

The emerging 4™ IR technologies—such as artificial intelligence (Al), the Internet
of Things (IoT), big data analytics and automation—present both opportunities
and challenges for the LIS field (Lippincott ef al., 2021). They can revolutionize
LIS through better service delivery, resource management optimization, and
enhanced user engagement using data analytics and personalized experience. For
example, Ishengoma (2024) found that by using IoT, libraries could improve their
space utilization while Al enables automated cataloguing, and big data analytics
helps libraries understand user behaviour and preferences (Ishengoma, 2024). The
adoption of 4" IR technologies in LIS operations has progressed at a slow pace,
which varies significantly from region to region, particularly in areas that lack
sufficient digital infrastructures and financial backing. Traditional service models
maintain control in many libraries, thereby restricting their capacity to fulfill
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digital-age user demands and take full advantage of new technologies. The
disparity between technological developments and their uptake in LIS institutions
shows why strategic planning is essential to overcome obstacles to successful
technology integration.

The widespread adoption of 4™ IR technologies in LIS institutions is impeded by
insufficient technological infrastructures combined with low digital literacy
among library staff and serious data privacy and security concerns alongside
financial challenges (Lippincott ez al., 2021). Budget restrictions and insufficient
skilled staff create obstacles for LIS institutions to obtain and operate advanced
technological systems. The swift advancement of technology creates doubts about
how LIS institutions can maintain sustainability while adapting to these new
trends. Libraries could become obsolete and fail to fulfill their users' evolving
information needs if they lack a defined plan to adopt 4™ IR solutions (Diseiye e
al., 2024). LIS institutions must investigate strategies to utilize 4™ IR technologies
and overcome their existing challenges. A complete evaluation of LIS institutions'
preparedness to implement advanced technologies alongside capacity-building
programs and policy development must occur to achieve sustainable and inclusive
digital transformation.

This research work sought to address the impact of 4™ IR technologies on library
and information services, focusing specifically on Al and IoT integration, data
analytics and virtual/augmented reality to improve library functions and user
experiences. It presents an analysis of the advantages and difficulties of
implementing these technological advances. The study discusses how libraries can
integrate new technologies with their existing services to create inclusive and user-
centred spaces.

The contribution of this research lies in its exploration of how libraries can
implement 4™ IR technologies into their operations to develop practical solutions
that enhance services and user experiences. This study presents a strategic
framework based on "4R" solutions—Remoulding operations, Reinventing
business models, Reorganizing work processes and Remodelling job roles—to
guide libraries in adapting to technological advancements. While the study
analyses global trends, its findings and recommendations are particularly relevant
to libraries in developing countries, such as Tanzania, which are in the early stages
of developing technological integration strategies and enhancing their
professional and infrastructure capacities.
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Industrial revolutions trends and theoretical framework

Industrial revolution trends

Industrial revolutions (IRs) are commonly referred to as significant shifts in
technological, economic and social systems that fundamentally transform
industries, modes of production and societies (Schwab, 2016; Landes, 1969).
Figure 1 summarizes the key characteristics of the IRs:
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Figure 1: Characteristics of the Industrial Revolutions (1% - 4" Phase)

The First Industrial Revolution which ran from the late 18" to early 19" Century,
was characterized by a shift from agricultural to industrial economies (Ashton,
1948). Trends included factories, urbanization as workers went out of the
countryside to work and the creation of new forms of labour. For LIS, this was
the age of systematic information organization, with cataloguing and
bibliographies emerging as a means of formalizing knowledge management.

The Second Industrial Revolution, which occurred between the late 19" and early
20™ centuries, brought rapid technological advancements, including the advent of
electricity, mass production, the telegraph and telephone. These innovations
helped to transform commerce and communication into global phenomena,
allowing information to flow more freely across borders. In LIS, this revolution
saw the ubiquity of libraries and information centres as points of exchange for
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knowledge. It also led to the emergence of standards for information management
to cope with the rising complexity of information resources.

The Third Industrial Revolution, or Digital Revolution, began in the mid-20"
Century and continued into the late 20" Century. That is when computers, digital
technology and the Internet became popular. Some of the trends driving this
revolution were the automatization of work, the inception of information
technology and the democratization of information. For LIS, this phase
revolutionized storage, retrieval and transmission of data. Libraries began
implementing electronic catalogues, and the advent of online databases changed
the way information was accessible. Additionally, information literacy emerged,
emphasizing how users should learn to navigate the new digital world.

The Fourth Industrial Revolution in the present moment is defined as a
combination of cutting-edge technologies such as artificial intelligence (Al), big
data analytics, the Internet of Things (IoT) and blockchain (Xu ez al, 2018).
Schwab (2025), who coined the term, describes it as a series of social, political,
cultural and economic revolutions marked by the union of physical, digital and
biological systems and unprecedented transformations in the way individuals and
institutions access information. The most prominent themes in the 4™ IR are the
advent of innovative technology, personalization of information services and
data-driven decision-making. In the context of LIS, this revolution brings both
promise and uncertainty. Libraries and information organizations are increasingly
using Al and machine learning to optimize user experience and data discovery.
However, privacy, ethics and the digital divide are all challenges that need
balancing (Hussain, 2020). With the 4™ IR unfolding, 1.IS needs to keep up and
be flexible enough to serve the information needs of different communities.

Theoretical framework

This study relied on Actor-Network Theory (ANT) to explore the complex
dynamics involved in incorporating 4™ IR technologies into library environments.
ANT best serves as the analytical framework as it examines both human and non-
human elements as active network participants in an evolving socio-technical
climate (Latour, 2005). Reflecting on the ANT, various elements—such as
librarians, patrons, policies and technologies like Al and IoT—constantly
renegotiate and redefine their roles. This dynamic interaction contrasts with
Socio-Technical Systems Theory (STST), which focuses on more static
relationships between social and technical components without fully capturing
their evolving interdependencies (Trist & Bamforth, 1951; Gorejena ez al., 2016;
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Xu & Gao, 2024). Likewise, the Diffusion of Innovations (Dol) Theory is less
relevant in this context. Despite its strength in examining adoption processes and
technological spread mechanisms (Amini & Jahanbakhsh Javid, 2023; Minishi-
Majanja & Kiplang'at, 2005), it fails to account for power dynamics and resistance
patterns within library technology implementation.

The study interprets 4™ IR technologies like Al, IoT and Blockchain as active
participants in a wider socio-technical network instead of simple technological
improvements to library infrastructures. It investigates the interactions between
4™ IR technologies and their impact on library operations through engagement
with library staff, patrons, administrators and external technology providers.
Thus, this study relied on ANT to present technological adoption as a process
where technologies actively reshape library relationships and practices instead of
existing as mere technical upgrades.

The foundational "translation" concept from ANT delivers powerful analytical
tools for studying how Al, IoT and Blockchain transform library functions. In
the context of ANT, translation signifies the way technologies, along with their
original intention, become redefined through the interpretations of network
actors. The process at libraries includes librarians together with patrons and
institutional policymakers who work to define how emerging technologies will
function within their organizational framework. Library staff members see Al as
a means of enhancing information search and tailor services, but patrons
understand Al systems in terms of convenience and efficiency. At the same time,
institutional regulators and technology providers actively promote applications of
these technologies that reflect economic interests or policy objectives. ANT
enables researchers to analyze multiple layers of interpretation for 4™ IR
technologies while exposing the mechanisms that influence their implementation
and utilization.

The 4™ IR technologies and trends in library and information science

4™ IR technologies

The 4™ IR is a transformation that combines innovative technologies to transform
the entire field of LIS. This revolution is a system-converging process and has
brought essential patterns into play that are changing how libraries operate and
how information is retrieved, stored and used. Figure 2 summarizes the key
technologies marking the 4™ IR:
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The Key 4th Industrial
Revolution
Technologies

Figure 2: Digital Technologies Making the 4™ IR
Source: Authors' processing

Artificial Intelligence (Al) and Machine Learning (ML)

Al is a type of human-like machine that has reasoning, decision-making, learning
and interpersonal skills. ML as part of Al is a computer program that performs
jobs that generally require human intellect. Al typically frees human beings from
some tasks so that they can efficiently use the saved time for other essential tasks.

Big Data Analytics

Big Data is an information asset characterized by considerable volume, high
velocity and different varieties of data that require specific technology and
analytical methods for its transformation into value. Big Data and other 4® IR
technologies enhance librarians' value by creating value in bibliometrics, data
sharing and data curation.

Internet of Things (IoT)

IoT refers to the network of physical devices, vehicles, appliances and other items
embedded with sensors, software and connectivity that enable them to collect and
exchange data. These IoT devices connected to the Internet can communicate
with each other and with users, enabling automation, monitoring and control
without direct human intervention.
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Cloud Computing

Cloud computing refers to the delivery of computing services such as storage,
processing power, and software applications over the Internet. It enables
individuals and organizations to access and use resources without having to own
and maintain physical hardware.

Blockchain

Blockchain is a decentralized, distributed ledger service that accurately records the
origin of digital items (Reddy & Kalpana, 2021). Blockchain technology can
address the challenges by improving the following: Transparency in the supply
chain of library materials, traceability of consumer products, financial options for
libraries, timely payments and access to information.

Virtual Reality (VR) and Augmented Reality (AR)

VR and AR use computer-generated simulations which create a sense of
immersion by combining digital technology with the real environment. They
blend the physical world with digital experiences, but they differ in their approach
and use cases. While VR creates an entirely immersive digital environment that
replaces the real world, typically viewed through a specialized headset, AR
overlays digital content on top of the real world rather than replacing it.

Robotics and Automation

Automation involves the use of technology to carry out tasks with little or no
human intervention. It aims to increase efficiency, accuracy and consistency in
various processes. Robotics is a subset of automation that deals explicitly with
machines capable of performing physical tasks—often mimicking human actions.
However, automation is a much broader concept that also includes software-
based systems such as robotic process automation (RPA), which automate
repetitive digital tasks like data entry, scheduling or customer service interactions.
Together, robotics and automation are transforming industries by streamlining
operations, reducing costs and improving productivity.

Web and library generations

The movement from the Web revolutions (Web 1.0, 2.0, 3.0 and now 4.0) to their
related library revolutions (Lib 1.0, 2.0, 3.0 and 4.0) provides a framework for
focused paradigm shifts driven by IRs as depicted in Figure 3:

n Proceedings of the 6* COTUL Scientific Conference Held on 11-12 November 2024 at TMD.A in Mwanza, Tanzgania



Libraries and Information Services in the Fourth Industrial Revolution: Current Trends, Opportunities and Challenges

2 Key Characteristics The Community- 5

> Centric Library (Social o

[ and Collaborative =il

g Spaces) =
The  Digital |

Library (Online
Access and E-
Resources)

The Automated Library
« Basic automation
* Online public access
catalogs (OPACs),
« Barcoded inventory
\_* Limited computing

Library 2.0 \[mey 30

Library Generations

The Traditional Library

* Mostly physical Services
included book lending,
reference assistance, quiet
study areas, archives, and
special collections ;

Pre-1970s \ 1970s-1990s RLLIEPIIEY  2000s - Onwards

Years

Library 1.0
Librarian
1.0

Figure 3: Library Generations

Source: Authors' processing

Web 1.0, with its static pages and read-only web, formed the basis for the spread
of information and libraries essentially functioned as storage centres for print
sources (JinCheng & Chuen, 2024). Across the globe, online catalogues and
library collections became digitized in this period, enabling even wider
information access. As the web turned into Web 2.0, a new emphasis was placed
on user content and interactivity; libraries also rolled out social media and
collaborative tools to drive users’ engagement and engagement with their
community (O'Dell, 2020). The evolution of Library 2.0 followed the same
pattern, with libraries no longer passive consumers of knowledge but active
community centres. Library 3.0 and Web 3.0 reflected the importance of semantic
web technologies, enabling intelligent information-retrieval engines that provided
users with content tailored to their requirements and interests. Here, libraries
started leveraging linked data principles and knowledge graphs for discoverability
and improved user experiences. Library 4.0 and Web 4.0, two other technologies
of the 4™ IR, put emphasis on hyper-connectivity.

Artificial Intelligence (AI) and personalization

Libraries use Al-based technologies to interpret user data and preferences and
thus provide individualized information services for greater user satisfaction
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(Msauki, 2021). Personalized recommendation systems, for example much like
commercial services such as Netflix and Amazon recommend items based on
interactions and preferences that the user has had in the past to help create a more
dynamic and meaningful library. Furthermore, the integration of Internet of
Things (IoT) devices can transform libraries into innovative and tech-enabled
environments. Examples include intelligent shelving systems that automatically
track inventory and usage data, as well as interactive kiosks that assist users in
locating resources more efficiently (Bi ez al., 2022).

4™ IR technologies trends in library and information setvices

The integration of 4” IR technologies with advancements in the web and library
systems is reshaping how libraries are managed and how they deliver services.
Libraries are evolving from static repositories of information into dynamic
knowledge ecosystems that foster collaboration, innovation and strengthen
community engagement. One of the most prominent innovations is integrating
Al into library systems to allow better user experience through smart searches,
personalized recommendations and resource optimization. For instance, Al-
enabled chatbots can increase engagement and deliver instantaneous answers to
users’ questions, freeing librarians to engage in more challenging tasks and
interactions that require human intervention. Al algorithms can also look at
patterns of borrowing to recommend suitable resources to users in their areas of
interest and offer a more individualized and immersive learning experience.

A further area of great potential is the implementation of blockchain technologies
in LIS, especially data security and integrity. Libraries can harness blockchain to
create open, decentralized systems for managing scholarly articles and data that
enable authors to remain in control while still granting access to the work
(Emmanuel e7 al., 2023). For example, blockchain can be used to control digital
rights, allowing libraries to monitor usage rights and maintain copyright
compliance. Moreover, blockchain can improve trust in scholarly communication
and facilitate equal access to knowledge by providing an open, decentralized
system for sharing and confirming information (Abid, 2021).

The Internet of Things offers multiple applications within libraries and
information services with specific benefits for communication handling and staff
management. The Internet of Things devices, including smart sensors and
connected systems, deliver real-time notifications to staff and users to improve
response times and boost user satisfaction (Ishengoma, 2024). IoT-enabled
devices improve communication efficiency by sending timely alerts about both
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upcoming due dates and overdue items alongside new acquisitions. Moreover,
IoT technologies enable staff management systems to track work hours and
employee locations in the library while monitoring task completion through smart
device data (Khan ez a/., 2022). The use of IoT technology enables libraries to
automate standard procedures like book check-ins and check-outs, which allows
staff members to dedicate their time to services that enhance value.

Libraries can track their materials in real-time through IoT devices such as RFID
tags and innovative shelving systems, which leads to efficient inventory
management and fewer errors caused by human oversight (Andhare ¢z al., 2023).
Figure 4 further illustrates this:
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Figure 4: IoT in Library Services

Environmental sensors are used in storage management to track and control
temperature and humidity levels to maintain air quality and protect rare books
and archival materials. Moreover, IoT-based data collection and analysis supply
libraries with valuable information regarding user behaviour patterns and resource
usage, which helps identify potential areas for improvement (Zhou et al., 2024).
Libraries can use IoT devices to track foot traffic, monitor space usage and
analyze how users interact with different areas. This data helps libraries to design
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more user-centered services and create spaces that better meet visitors' needs.
Using IoT devices, libraries can analyze their influence by monitoring foot traffic
patterns, space occupancy and user interaction with varying library areas, which
helps to create user-focused services and spaces. The use of big data analytics
within library management systems enables libraries to grasp community
requirements while delivering effective solutions. Through big data utilization,
libraries can gather, and study engagement metrics related to users and resources
to create specialized services designed for distinct user groups (Li e a/, 2019).
Through this data-driven system, libraries can provide personalized services that
suggest appropriate materials based on user preferences and activity patterns.
Through data analytics, libraries can develop a culture of continuous
improvement by evaluating service performance and pinpointing enhancement
opportunities. Through this process, libraries can modify their services
immediately to match user needs, keeping offerings relevant while creating an
ongoing improvement setting that leads to higher user satisfaction. Libraries can
make better decisions about resource distribution and strategy development by
using big data to forecast trends and demand, which improves service delivery
and operational functionality.

4™ IR trends: Opportunities and challenges in library and information
services

The Strengths, Weaknesses, Opportunities and Challenges (SWOC) Model, as
customized in Figure 5, serves as a structured framework for this study:

STRENGTHS WEAKNESSES

Areas of
improvements

Competitive
advantages

OPPORTUNITIES

Growth goals

CHALLENGES

Watch items

Figure 5: SWOC Model and its Focus in this Context (the lower part)
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The model's lower part helps to evaluate libraries' strategic positioning and
readiness to engage with 4” IR opportunities and challenges. It allows libraries to
discover their internal strengths while pinpointing weaknesses that create barriers
to new technology adoption and assess opportunities for growth and innovation
as well as external challenges arising from the incorporation of 4® IR tools into
their management systems.

Opportunities

To integrate the 4™ IR technologies

Adoption of AL IoT and robotics is essential for enhanced services. The 4™ and
5" IRs will be dominated by Al and IoT technologies. Data-driven insights for
personalized services: a Library becomes the centre for data curation; thus, value
addition is a critical opportunity. IoT devices can track foot traffic, seating usage
and space occupancy to understand how patrons use different library spaces. Real-
time collection management: the 4™ IR technologies will help in monitoring and
evaluation of the collections using real-time data.

To enhance user experience

Opporttunities include also to develop virtual/augmented reality services. AR and
VR tools are used to enhance user experiences. They include to use advanced data
analytics to understand user needs; to use big data and data analytics tools as well
as Al tools. User experience is enhanced through interactive digital platforms.
Provide personalized experiences by tracking user preferences and suggesting
relevant resources or events. Enhance personal security and privacy. The use of
smart cameras and access control improves the safety of library premises, and
IoT-based alarms can alert staff to unauthorized access.

To improve resources management

Optimized space and resource management using IoTs is also inevitable. Energy
optimization such as lighting, heating and cooling reduces costs and promotes
sustainability. Environmental monitoring to protect collections using IoTs.
Monitor and control temperature, humidity and air quality to protect books,
historical documents, and rare collections from environmental damage. Intelligent
inventory management uses security cameras, RFIDs, and IoT as well as
automated book sorting and check-in/out.
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To develop professional skills

It is an opportunity for libraries to collaborate with tech companies and
universities for training and help to address resource scarcity in terms of human,
physical and financial. Other opportunities include to develop specialized skills in
Al, data analysis, and IoT; incorporate revised or new curricula across librarian
professional levels and promote digital literacy programs for the public. It is also
an opportunity for librarians to enhance their competencies, reprofile their skills
and reinvent themselves to remain relevant.

To engage the community

Another opportunity is to bridge the digital divide. Libraries promote digital liter-
acy among their users so that they can access and use information resources using
various technologies. They support lifelong learning through technology literacy
and use 4™ IR platforms to support short-, medium- and long-term learning. FEx-
pansion of community-based learning with maker spaces and VR labs. Emerging
digital technologies create a conducive environment, making the libraries hubs for
digital interaction with the communities.

Challenges

Rapid integration of 4™ IR technologies

The rapidly changing technology landscape presents a significant challenge for
libraries, as technologies may become obsolete before reaching their economic
threshold or may require costly upgrades. While data-driven insights offer
opportunities for personalized services, concerns about the security and privacy
of user data continue to pose barriers to adoption. In addition, implementing real-
time collection management systems demands massive investments, often leading
to financing challenges that hinder sustainable innovation.

User experience

Balancing traditional and digital services remains a key challenge for libraries,
especially as some librarians and users continue to hold negative perceptions of
digital services. Managing user expectations and preferences becomes even more
complex when users have overly ambitious expectations that do not align with
the current realities of digital infrastructure. At the same time, ensuring equitable
access to digital resources is critical yet difficult to achieve due to persistent
physical and financial challenges that hinder true equitability.
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Resources management

The potential loss of jobs due to automation is a significant concern in the context
of 4IR integration, with some library staff fearing job displacement and, therefore,
showing reluctance toward embracing technological advancements. Furthermore,
the fusion of biological, physical, and digital systems characteristic of the 4IR
demands specialized skills for effective maintenance and technical support.
Without such expertise, the risk of technical failures increases, which could
significantly disrupt core university or library services and compromise service
continuity.

Professional skills development

There is a continuous need for professional development as rapid technological
changes demand frequent updates to staff skills. However, limited training
resources, whether human, financial, physical, or time-related—pose significant
constraints. Keeping up with evolving skill requirements in the workforce
becomes even more challenging when competing priorities, either from staff or
employers, delay efforts to address these critical development needs.

Community engagement

Catering to the diverse needs and varying technical skills of users presents a
significant challenge for libraries and academic institutions, especially as ensuring
inclusivity requires considerable resources. However, financial constraints—
particularly in community outreach—remain a persistent issue, with traditional
budgets often falling short of what is needed. At the same time, the integration of
advanced technologies raises critical ethical concerns, including biases in Al
systems and the growing potential for unethical behavior. The rise of large
language models (LLMs) and Al-powered tools like chatbots has intensified
wortries, as they may inadvertently motivate academic dishonesty. One alarming
manifestation of this is the surge in paper mills, which exploit such technologies
to produce fraudulent research. According to Nature, 2023 saw a record-breaking
10,000 research retractions, while Candal-Pedreira e @/ (2022) had already noted
that by 2021, paper mill retractions made up 772 (21.8%) of the 3,544 total
retractions—highlighting a troubling trend as 4™ IR technologies gain ground. Qi
et al (2024) present observations in three countries: China, U.S.A and India (Figure
0).

Proceedings of the 6* COTUL Scientific Conference Held on 11-12 November 2024 at TMD.A in Mwanza, Tanzgania



Hector . Mongi and Fredrick R. Ishengoma

100 4

80
D
=
& 60
=
LS 40
N
=
S 20
~N—
Y
g 0

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year
==@==Peoples R China USA e=@==India

Figure 6: The Retraction Rate of Articles per 10,000 Published Articles in
China, USA and India from 2013 to 2022
Source: Qi ¢z al (2024)

According to these observations, the retraction rate of academic publications in
India and the People's Republic of China has increased rapidly since 2020, while
the rate in the United States has remained relatively controlled. This disparity can
be partly explained by the rapid adoption of emerging technology trends in China
and India, which, while accelerating research output, may also be contributing to
lapses in research integrity and quality assurance mechanisms.

4™ IR: Implications for library and information services

There is an urgent need to revisit and modernize traditional frameworks and
models that have historically shaped the foundation of librarianship, particularly
the theories and principles that guide professional practices. As the information
landscape evolves with the integration of digital technologies and shifting user
expectations, it is essential that professional development programmes reflect
current realities. These programmes must be designed with an emphasis on equity
and inclusion, ensuring accessibility and relevance for all staff regardless of sex,
educational background or special needs. Inclusivity should not only be reflected
in the content but also the methods of delivery and engagement. Furthermore,
deliberate efforts are needed to address and positively transform staff attitudes
toward change, technology and continuous learning. Encouraging a culture of
openness, adaptability and innovation is key to equipping library professionals
with the skills and mindset needed to thrive in dynamic environment shaped by
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the 4™ IR and beyond. Table 1 summarizes opportunities and challenges of the
4™ IR in library and information services:

Table 1: Opportunities and Challenges of 4™ IR in Library and
Information Services

Category Point Example

Opportunities Tech Integration: Use Al, IoT and Al recommendations and IoT-
robotics to improve services. based inventory management.
User Experience: Offer VR/AR Virtual library tours and VR-
for immersive learning, based educational content.
Space Management: IoT is used for ~Smart lighting and energy-
efficient energy and space use. saving systems.
Professional Skills: Collaborations ~ Training in data analysis and
for staff training in new tech. Al tools.
Community Support: Libraries Coding workshops and maker
bridge the digital divide. spaces for community

involvement.
Challenges Tech Integration: Keeping with High costs and risk of

rapidly changing technologies.

obsolescence if tech changes
quickly.

User Expectations: Balancing
traditional services with digital
ones.

Resistance to digital services
from certain user groups.

Job Loss: Automation could lead to
job reductions.

Resistance from staff fearing
job cuts.

Continuous Training: Staff need
ongoing development to keep up
with new tech.

Limited funding for
continuous professional
development.

Ethical Considerations: Ensuring
equitable access and privacy in Al
usage.

Addressing privacy concerns
and ensuring fairness in Al
usage.
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Conclusion and Recommendations

Libraries have significant opportunities to enhance service delivery and improve
resource management while providing personalized user experiences through the
integration of 4™ IR technologies. Artificial intelligence, alongside IoT and data
analytics, enables libraries to make their operations smoother while optimizing
resources and developing engaging environments. Although there are many
potential benefits these technologies offer libraries, they still encounter obstacles
during full adoption and integration. The disruptive attributes of 4™ IR tools,
alongside insufficient staff training and data privacy and security worries, are
obstacles to their broad implementation. Progress in technology adoption remains
slow due to inadequate infrastructure systems, outdated knowledge bases, and the
absence of continuous professional development opportunities.

The adoption of 4™ IR technologies faces tremendous obstacles in developing
countries like Tanzania. The challenge of implementing advanced technologies is
intensified by the combination of limited budgets and poor infrastructure along
with insufficient skilled staff in libraries. Library staff in these regions are unable
to maintain high-quality services because they lack sufficient training and support
to keep up with technological advances. Developing countries need to address
existing obstacles to realize the full benefits of 4™ IR technologies for library
service transformation. To address the batriers and improve the integration of 4™
IR technologies in libraries, several recommendations, based on the literature, are
proposed. First, libraries should remould organizational operations by examining
and reshaping key components such as staff, customers, organizational structure,
environment, and technology to align with the demands of the 4IR. Second, it is
important to reinvent business models by strategically adjusting the library's
framework, allowing it to face the challenges and opportunities brought by
technological advancements. Third, libraries should re-organize work processes
by creating clear policies and procedures that guide staff and customers in using
new products and services effectively. Lastly, libraries must re-model job
specifications and roles by reviewing and updating job descriptions across all staff
levels to ensure they ate aligned with the evolving needs of the 4 IR, ensuring
that each position supports the library's future success and technological progress.
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