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Abstract:

This manuscript aims to map the changing landscape of smart universities within the frameworks of digitaliza-
tion and Industry 5.0, identifying key trends, challenges, and opportunities for observation. This study analyzes
8,061 Scopus database research papers from 2016 to 2024 by using VOSviewer for network visualization and
bibliometric analysis. Centering around digitalization and Industry 5.0, the research explores literature that
spans both the "smart" and "university" landscapes. The findings suggest a rich and fast-evolving field with a
strong focus on the inclusion of advanced technologies, intelligent systems and intelligent pedagogies in higher
education contexts, as well as significant international collaboration. Significant issues include the use of IoT,
Al, and cloud computing for enhancing processes, learning environments, and safety on campus. This paper
fills an important gap in the literature providing a thorough exploration of the smart university ecosystem
through the lenses of digitalization and Industry 5.0, noting a significant point that technology will be an inte-
gral determinant in the future of higher education for both faculty and educational institutions. It sets out an

exact blueprint for the way universities will become more responsive, efficient and networked institutions.
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""We cannot solve our problems
with the same thinking we used
when we created them”

Albert Einstein

INTRODUCTION

The current world is seeing an increasing influence of digital
technology in professional and educational processes. The
rapid advancement of information and communication
technology has altered the nature of many facets of public
life, much as the industrial revolution did in the 19t century
[1]. The training of a contemporary expert includes the dig-
italization of education as a fundamental component. The
significance and amount of information have been increas-
ing steadily, and there are more multidisciplinary studies
and initiatives as a result of these developments. Empirical
research indicates that students nowadays are cognizant of
the need to enhance their proficiency in artificial intelli-
gence (Al), big data processing and analysis, and infor-
mation and communication technologies (ICT) [2]. Accor-
ding to Chekanov and Neizvestny [3], the shift to a digital
society places significant demands on the development of
new specialized competences as well as the process of ac-
quiring these competencies. According to Buryak [4], a spe-
cialist's "market value" in the job market is increased by ed-
ucation grounded on cutting-edge, future breakthrough
technologies. In this context, the need of introducing and

analyzing novel ideas in the educational system as well as
the modification of current forms, techniques, and training
technology is becoming more pertinent [5]. Digitalization
and industry 5.0 has had a significant impact on information
technology, especially in the field of education [6, 7]. This
trend of digitalizing education has been in trend for some
time now. Nevertheless, we cannot overlook a significant
increase in attention during the short-period communica-
tion constraints related to COVID-19 and the wider transi-
tion towards an entirely remote pattern of interaction for
all the participants of educational process [8]. Digitalization
has had a direct influence on the activities of students,
teachers, administrators, and other stakeholders across all
educational levels [9, 10, 11]. In addition to being a trend at
the moment digitalization offers a bright future for devel-
opment across many domains, including education [9].
Technological development will surely affect this route, al-
beit it may evolve in many ways. Higher education estab-
lishments have to not only accommodate the growing tech-
nology needs of Generation Z students, but also be ready
for the oncoming wave of Generation Alpha. These and the
COVID-19 problem in particular have caused most institu-
tions to stick with hybrid models to varying degrees across
all subject areas in their curriculum [10]. Industry 5.0 hu-
man-centered technical advancements enable the
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conventional universities to be transformed into smart uni-

versities through the base layer of digitalization as follows:

1. Digitalization has a major impact on the functioning of
the academic environment. Modern technologies sig-
nificantly accelerate work from both the administrative
and scientific side [11].

2. The human-centered strategy of Industry 5.0 focuses on
the human-system cooperation explored during the
digitalization process, which enabled technical innova-
tions. Not only does this help embrace new technolo-
gies but it also allows smart universities to create con-
ditions in which people and technology more com-
pletely operate in unison [12].

3. Smart universities indicate the ultimate stage of digital-
ization and Industry 5.0. Digitalization and Industry 5.0
together created smart universities, which utilize ad-
vanced technologies like Al, 10T, and big data to create
a sustainable, flexible, and responsive learning environ-
ment [16, 17, 18].

To get to the next stage of university development — a

smart university — we must create new conceptual models

and pinpoint distinctive attributes, mechanisms, and tech-
nological advancements [13]. In an increasingly technolog-
ically advanced culture, smart classrooms, smart universi-
ties, and smart education are the way of the future. Ability

to accommodate learners — one of the features that set a

smart university apart is its potential to support a diverse

set of students and learners. This ranges from normal and
lifelong, in-classroom and online students and learners, to
special students, that is, students having various disabilities

(physical, visual, hearing, speech, cognitive, and other types

of impairment) [14]. Smart universities are not only focused

on teaching, but they also lead modifications in areas such
as data-driven administration, safety, sustainability, envi-
ronmental preservation. The constant influx of new tech-
nology affects itself how relevant activities can be executed
in the fast-paced digital world we live in [15]. Smart Univer-

sities are characterized by several key features [22, 23, 24].

Cutting-edge tools like big data analytics to better decision-

making, Al to customize learning, and IoT to improve cam-

pus operations are all used by them. Smart classrooms use
virtual reality (VR), augmented reality (AR), and interactive
technologies to create immersive learning environments,
while e-learning platforms provide students flexible access
to learning opportunities [16, 17]. Evaluating student
achievement and enhancing institutional effectiveness are
facilitated by data-driven decision-making. Personalized
learning pathways powered by Al and intelligent coaching
provide customized education [18]. While environmental
sustainability is encouraged by green technology and prac-
tices, collaboration is enabled by digital tools, virtual labor-
atories, and international exchanges [19]. Even though the
use of smart technologies, like Al, the Internet of Things
(1oT), and big data analytics, in higher education has grown
significantly, there is still a big knowledge gap about how
these technologies can be fully utilized to improve campus
operations, personalize learning, and enhance decision-
making processes in smart universities. While a large num-
ber of institutions are using digital tools, there is still

variability in how these technologies are integrated across
international educational systems, leading to differing de-
grees of success in terms of enhancing student results and
operational effectiveness. Digital tool use is widespread,
but there is still variation in how these tools are integrated
into international educational systems, leading to differing
degrees of success in terms of enhancing student results
and operational effectiveness. Furthermore, little study has
been done on how Al, IoT, and big data work together to
create individualized learning environments and how this
affects student engagement and administrative effective-
ness. The intricacy of customizing learning experiences via
data-driven insights is still a barrier, particularly when it
comes to broad adoption in intelligent university systems.
By methodically examining how these smart technologies
are being used in the context of Industry 5.0 and placing an
emphasis on technological integration and human-machine
cooperation in academic settings, this research aims to
close this gap. This manuscript intends to give a greater un-
derstanding of the revolutionary potential of Al, loT, and
big data in higher education by examining how these tech-
nologies shape individualized learning paths and streamline
campus operations. Bibliometric analysis was the main
technique used in this study to evaluate and analyze man-

uscripts on smart universities in a methodical manner. 8061

research publications were taken into consideration from

the academic website Scopus from 2016 to 2024. This ma-
nuscript poses the following research questions:

1. What patterns of collaboration can be identified in the
network visualization of co-authorships between differ-
ent countries in smart university research, and how do
these collaborations impact the adoption of key tech-
nologies like Al, 10T, and big data?

2. What are the most frequent terms found in the full sci-
entific articles on smart universities, and what do these
terms reveal about the key challenges and opportuni-
ties in the field?

3. Which keywords are most commonly used by authors
in smart university research, and how do these key-
words reflect the evolving technological trends and fu-
ture directions of the field?

4. What are the most frequently used index keywords in
smart university research, and what do they suggest
about the focus, scope, and potential future growth ar-
eas in smart university studies?

This manuscript is organized as follows: Section 2 presents

literature review. Section 3 demonstrates the research

methodology. Section 4 explains the results. Section 5 fur-
ther discusses of the findings; Section 6 gives conclusions
and recommendations.

LITERATURE REVIEW

The idea of a "smart university" is a new and rapidly devel-
oping field that embodies the clever fusion of cutting-edge
ideas, intelligent hardware and software systems, smart
classrooms outfitted with cutting-edge tools and techno-
logical platforms, smart pedagogy grounded in contempo-
rary teaching and learning techniques, smart learning ana-
lytics and academic analytics, and numerous computer sci-
ence and computer engineering specialties [20, 21]. The
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authors [22] contend that the foundations of a smart uni-
versity are found in the comprehension and critical aware-
ness of fundamental information, in the identification of
more practical competences, and in the exploration of the
definitions of a "smart university community" that values
excellence. The idea of a "smart university" entails com-
pletely updating every aspect of education [16]. A smart
university is one that integrates cutting-edge technology
into its operations to further its goals [23]. An institution
that uses innovative technology (such as the IoT, smart
gadgets, etc.) within its own walls in order to accomplish its
strategic goals is known as a "smart university." Being at the
forefront of technological breakthroughs and becoming a
Smart University requires technical innovation, especially in
the areas of computer innovation and data systems. Smart
universities, which combine cutting-edge technology, crea-
tive pedagogies, and data-driven approaches to create
adaptable, effective, and stimulating learning environ-
ments, are the vanguard of higher education. The goal of
these institutions is to serve the changing demands of the

21st-century society, faculty, and students [33, 34, 35].
When compared to the traditional university model, e-
learning reduces labor costs for administrators, executives,
and students alike. As a result, astute universities adopt
new technology that enables students, faculty, and admin-
istrative staff to use automated systems and tools, incorpo-
rating new technologies such as cloud computing, big data,
e-learning, loT or Green-ICT. A university is referred to be a
"smart university" when these modern technologies are in-
tegrated. IoT is a component of new technology that a
smart learning framework may work with to enhance the
quality of its services by offering a customized learning en-
vironment [24]. Smart objects are becoming increasingly
commonplace in many educational domains. Smart educa-
tion is one of the key components in the implementation of
loT smart cities, which are made possible by digitalization
and virtual learning, among the smart services facilitated by
emerging technologies like 10T [25]. Table 1 present chosen
studies concerning issues related to smart Universities.

Table 1
Chosen studies concerning issues related to smart Universities

Author(s) Methods Analysis aspects

[26] The manuscript has discussed the RFID issue and|The system is taking care of maintaining attendance records, switching control
presented how the emerging technology of RFID|of electrical items, and securing rooms. Results show that consumption of energy
can be used to build a smart university.|and object tracking time are decreased while security of rooms and credibility
A prototype is developed considering the major|of attendance records are increased.
use cases involved in a smart university.

[27] The manuscript does a literature study|The authors discuss the different linkages, trends, and potential growth of a smart
to provide context for the Internet of Things,|campus in addition to highlighting the distinctions and parallels with the recently
emphasizing its critical role in the Smart Campus|developed idea of a smart university. This analysis showed that the Internet
and its onnection to wireless sensor networks|of Things is pervasive across all domains and has the potential to enhance
and cybersecurity. institutional procedures in order to support academic instruction, technology

advancement, and decision-making.

[28] The improvement of positioning, one of smart|The authors created and implemented a unique indoor positioning system (IPS) that
mobility's essential elements, is the main|works in tandem with an outside positioning system to provide seamless
emphasis of this article. wayfinding and navigation both inside and outside. The location solution

is integrated as a service inside SmartUJI, our larger platform for smart universities
based on cartography. The SmartUJI APP, which provides map-based information
about the campus's various facilities, and the SmartUJI AR, which lets users interact
with the campus through an augmented reality interface, are two end-user mobile
applications that the authors developed, deployed, and evaluated using our IPS
and the SmartUJI services. The programs' utility in identifying university resources
and overall enhancing spatial orientation was noted by visitors, faculty,
and students who tried them.

[29] An assessment and test of the suggested|In the context of the Society 5.0 framework, this article suggests a customized
methods are conducted in a case study|service strategy for smart grids that uses social and contextual data, sophisticated
of a Smart University campus. algorithms, and cutting-edge sensing technology to provide users a tailored energy

management solution. The article also suggests an architecture
for the development and implementation of customized energy management
services in various Smart Grid scenarios, highlighting the potential of personalized
services in the context of the Smart Grid and its applicability within the Society 5.0
framework. With this method, end customers actively participate
in the development and implementation of customized energy management
services.

[30] The research created a unique evaluation|By presenting the first complete evaluation methodology to evaluate university
framework known as the Smart Campus|campuses for smartness, this study expands on previous conceptual work.
evaluation Framework, which consists of 48
indicators, using a narrative literature review
technique. This framework is a great place
to start when looking to advance evaluation
in smart campus research.
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"Digitalization" refers to the integration of digital technol-
ogies into all aspects of university operations, encompass-
ing administrative and academic procedures. Coccoli et al.
[31] state that digitalization allows universities to use
technology-driven tools like learning management sys-
tems (LMS) and e-learning platforms to improve the qual-
ity of education and simplify operations. These real-time
data collection and analysis systems for students enable
instantaneous feedback and individualized learning path-
ways, thereby enhancing academic performance. The ap-
plication of smart technologies like the loT enables smart
campuses, where networked devices effectively monitor
and manage campus amenities, promote sustainability,
and optimize resources [32]. Digitalization, however, en-
tails more than simply integrating technology; it also en-
tails changing instructional approaches. Smart institutions
use smart pedagogy, which replaces conventional one-
size-fits-all teaching methods with data-driven tech-
niques. Uskov et al. [33] contend that this change makes
education more student-centered and adaptable to meet
individual learning demands by enabling more personali-
zation of the learning process. As a result, digitalization is
critical to the development of smart universities because
it creates environments that are inclusive of all students
while also utilizing cutting-edge technology. Industry 5.0
is a human-centric approach, highlighting the cooperation
between people and intelligent technologies, in contrast
to Industry 4.0, which concentrated on the automation of
processes and data interchange across several areas [34].
This paradigm change is essential for smart institutions
that use technology to enhance student learning, auto-
mate processes, and enhance human connections. Marty-
nov et al. [35] assert that the integration of Al and ma-
chine learning (ML) into educational systems can provide
students with individualized learning experiences tailored
to their unique requirements and skills. Because of this
human-machine partnership, intelligent institutions are
able to use Al to track students' progress and provide
them with immediate feedback via intelligent tutoring
systems. With the use of these tools, teachers may step in
when needed and provide specific assistance to problem-
atic students. The humancentric approach of Industry 5.0,
as highlighted by Petrusevich et al. [36], is in line with the
objectives of smart universities, fostering settings where
technology and human educators collaborate to provide
more efficient and intriguing learning opportunities.
Smart university models heavily rely on the idea of indi-
vidualized learning. Universities can tailor the learning
process to each student's specific needs by utilizing Al and
adaptive learning technology. According to Wu et al.'s [17,
37], customized learning systems allow students to ad-
vance at their own speed by modifying exams and instruc-
tional material in real-time depending on their perfor-
mance. Conventional educational institutions often ex-
pect students to adhere to a set curriculum, regardless of
their unique learning requirements, in contrast to this
method. Enhancing academic performance via personal-
ized learning also increases student engagement. Stu-
dents in individualized learning settings are more likely to

take charge of their education, establishing objectives and
monitoring their progress, according to Ayeni et al. [38].
By focusing on areas where students may need extra help,
teachers can better tailor their instruction to meet the re-
quirements of each individual student by using adaptive
learning technologies. Researchers from clever universi-
ties collaborate internationally to a significant extent,
demonstrating the global character of their research. Ca-
rayannis & Morawska-Jancelewicz [39] demonstrate, us-
ing bibliometric analysis, that the United States, China,
and Italy are at the forefront of the development of smart
university models. International collaborations make it
easier to exchange cutting-edge technology and best
practices, assisting academic institutions all over the
world in putting intelligent, specially designed solutions
into effect. According to Polin et al. [30], institutional pre-
paredness and resource availability are just as important
to the success of smart universities as technology adop-
tion. Based on the above analyses, this paper proposes
the following hypotheses:

Hypothesis 1: As evidenced by keyword co-occurrence
and collaboration patterns, smart universities' integration
of Al, 10T, and big data improves academic outcomes and
decision-making processes by facilitating more efficient
campus operations and individualized learning pathways.
Hypothesis 2: The combination of adaptive learning sys-
tems and Al-driven technologies that meet the different
requirements of students demonstrates how Industry
5.0's focus on human-machine cooperation in smart uni-
versities creates dynamic, customized, and inclusive
learning environments.

Hypothesis 3: Co-authorship networks, a visual represen-
tation of international cooperation in smart university re-
search, promote innovation and best practices while has-
tening the worldwide adoption of educational technolo-
gies, especially in critical domains like Al, 10T, and big data
integration.

Hypothesis 4: Frequently appearing phrases connected to
smart learning environments and technology break-
throughs show that higher education is moving toward
data-driven, responsive, and student-centered pedagogi-
cal approaches as a result of the adoption of Al-driven
learning analytics and smart classrooms.

MATHERIALS AND METHODS

Co-authorship networks, keyword co-occurrence, and in-
dex keywords were the metrics used for this study be-
cause they provide a strong grasp of the major trends,
theme structures, and cooperation patterns in smart uni-
versity research. The degree and kind of global coopera-
tion in the area were assessed using this measure. This
metric offers insights into the dynamics of knowledge cre-
ation and technology adoption throughout the world by
determining which nations and academics make the most
contributions to smart university research. Given the in-
ternational character of technology improvements in
higher education, this is especially crucial. To find recur-
rent topics and new trends in the literature, keyword anal-
ysis was used. This statistic reveals significant technical
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and educational goals in smart university research and
provides a detailed perspective of how certain themes
(such as Industry 5.0, smart learning environments, and
lIoT) dominate the research landscape. The study focal ar-
eas were categorized via the use of index keywords. This
makes it clearer which innovations in technology and
teaching methods have been studied the most, guaran-
teeing a thorough grasp of the range of the study. The cri-
teria used for this investigation were predicated on soft-
ware capabilities and accepted bibliometric procedures.
VOSviewer's unique capability to map bibliometric links
led to the choice to utilize it for network visualization, en-
abling a more natural comprehension of intricate data
sets. One of the main reasons for choosing VOSviewer was
its ability to handle co-authorship and keyword co-occur-
rence data from Scopus database. The use of Scopus as
the main database guarantees that the study is grounded
on reputable, peer-reviewed literature, offering trustwor-
thy insights into the evolution of the area. The content of
8061 research articles has been taken into consideration
since 2016 and 2024 (Fig. 1).

*Search criteria in Scopus database

+ get articles base on most citied and newest researcher
for each title, abstract, and keywords

*Data collection

«export 8061 Scopus database to import
step 2 in VOSviewer for further analysis

*Group categorising
»classification and clustering related ftitle, abstract,
and keywords in VOSviewer
step 3 + co-authorship networks. keyword co-occurrence,
citation patterns, and index keywords

Interpretation of results
«Interpretation of results for each networks of analyses

Fig. 1 Steps in bibliometric analysis

The time frame was chosen to reflect current advance-
ments in digitalization and smart university technology.
This guarantees that the study is relevant to both present
and anticipated future developments in the field of higher
education. A comprehensive bibliometric analysis is en-
sured by the entire and freely available data from this
time period. The conference paper (4007), article (3490),
book chapters (439), were taken into consideration. The
search documents related to the “smart” and “University”
issue are in title, abstract, and keywords. Through the in-
clusion of these particular document categories, the study
guarantees a comprehensive representation of the scien-
tific discourse on smart universities, including both prac-
tical and theoretical research. This manuscript poses the
following research questions:
1. What patterns of collaboration can be identified in the
network visualization of co-authorships between dif-
ferent countries in smart university research, and how

do these collaborations impact the adoption of key
technologies like Al, 10T, and big data?

2. What are the most frequent terms found in the full sci-
entific articles on smart universities, and what do
these terms reveal about the key challenges and op-
portunities in the field?

3. Which keywords are most commonly used by authors
in smart university research, and how do these key-
words reflect the evolving technological trends and fu-
ture directions of the field?

4. What are the most frequently used index keywords in
smart university research, and what do they suggest
about the focus, scope, and potential future growth
areas in smart university studies?

The co-authorship network statistic was used to examine

the trends in researcher and national cooperation. It indi-

cates which nations and scholars have the most influence
on clever university research. This measure, which visual-
izes the networks of co-authorship across nations, directly
answers the research topic on international collaboration.
It identifies the top countries in this field and illustrates
the distribution of research contributions across geo-
graphical areas, demonstrating the level of international
collaboration in promoting smart university models. It
also aids in locating key writers and cooperative groups
that are influencing the field. Analysis maps the thematic
structure of the study area and highlights term linkages by
measuring the frequency with which keywords occur to-
gether in academic manuscripts. In order to address re-
search concerns about the most often used words and im-
portant keywords in clever university study, this statistic
is essential. The study provides insights into the evolution
of the smart university idea by mapping out the leading
research subjects and developing trends within the area
by finding the most often occurring phrases. It displays
the main areas of interest for academics and highlights in-
novative fields like e-learning, Al, 10T, which are essential
to the growth of smart universities. Analysis is concerned
with determining the linkages between cited papers and
how often research publications reference one another.

Through the identification of foundational works that

serve as the basis for later study, this statistic is essential

for comprehending the development of the discipline.

Finding the papers and scholars who are most often cited

may be helpful in illuminating the core literature that in-

fluences the conversation about smart universities. This

lends credence to the study question about the most im-

portant papers and writers in the area. The standard key-

words that the database provides to classify research pa-
pers are the main focus of the Index Keywords study.

These keywords aid in categorizing the articles according

to their scope and subject matter. This measure is partic-

ularly important for a more comprehensive investigation's
scope and focus, by elucidating upon the most frequently
used index terms. This gives a general idea of how re-
search on smart university has been classified and orga-
nized. It also aids our understanding of the broader
themes guiding that study and characteristics of smart
universities that are receiving the most focus now, be it
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sustainability, educational change or technology integra-
tion. Term Density Mapping provides the glimpse of the
frequency and intensity of term use across the whole
body of literature. This statistic correlates with a better
understanding of the subject areas and research focus of
the field. It does so by mapping the major research clus-
ters and key topics of inquiry, providing a clear sense of
where intellectual action is concentrated. This overview
of the smart universities discourse is obtained by answer-
ing all the three index and most common questions in the
study. Bibliometric analysis offers a rich perspective of
global research patterns by showing how countries en-
gage in smart university research through co-authorship
networks. The analysis of these networks directly speaks
to the research topic of international co-authorship by re-
vealing leader countries and how they promote smart uni-
versity models. Examining term frequencies and keyword
analyses as bibliometric methods identifies potential
terms and phrases, based on rich academic formats drawn
from various research work. This would be to plan where
the most frequented body of research and emerging areas
are, which is of direct relevance to the type of research
questions used regarding the most cavalcade phrases and
terminology. Bibliometric visualization tools like
VOSviewer help render these results in an intelligible
graphic form by plotting links between authors, keywords
and countries.

RESULTS

Fig. 2 presents the country co-authorship network of
smart Universitites related publications with five clusters
(minimum number of documents of a country: 20). Figure
2 has a variety of colors, indicating the diversity of re-
search topics. The large nodes represent the influential
countries. The links between nodes represent the cooper-
ative relationships among countries. The distance be-
tween the nodes and the thickness of the links represent
the level of cooperation among countries.
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Fig. 2 Co-authorship countries

The co-authorship network found many clusters, with
China, Germany, ltaly, India, the United States, and the
United Kingdom heading distinct groupings. These clus-
ters demonstrate the global cooperation within the re-
search community of smart universities. Every cluster ex-
emplifies institutional and regional collaboration. lItaly,
spearheading the Red Cluster, boasts the most

participating nations, showcasing its leadership in organ-
izing extensive cooperative initiatives related to smart
universities. It's possible the EU legislation promoting dig-
ital education has led to an interest in smart technologies
in higher education among some European nations. The
United States and China lead the Green Cluster — a suc-
cessful example of cooperation among the big science and
technology powers. This indicates that studies from these
countries are significant contributors to global policies re-
garding smart universities, particularly in relation to ad-
vances in artificial intelligence (Al), Internet of Things
(loT), and big data, which are vital technologies involved
in the establishment of smart campuses. The other Clus-
ters (India, Germany, France, Spain, etc.) are leading
smaller, but still important research networks, all of which
provide regional perspectives to the international dia-
logue on smart universities. India within the blue cluster,
for example, highlights the country’s growing investment
in digital education solutions, particularly relevant given
its large and growing student population. These clusters'
worldwide reach indicates the need for improved interna-
tional cooperation regulations. Smart university research
leaders may operate as role models, with their ap-
proaches influencing international best practices. The ex-
pansion of collaborative financing methods, such as EU
Horizon funding, is necessary to enable international re-
search on educational technology. The international flow
of ideas within these clusters may directly influence best
practices for smart universities worldwide. To keep up
with smart education advancements, universities should
strengthen their overseas collaborations, particularly with
establishments in highly developed nations such as China,
the USA, and Italy. This global partnership is indicative of
a shared goal to build technology solutions for postsec-
ondary education. Policies to promote the international
collaboration in the development of such technologies
among countries like big data, artificial intelligence and
the Internet of Things may speed up the accepted project
of smart university in the world. Figure 3 shows co-occur-
rence and all key words with a number of occurrences of
a keyword that is 100.

curgisula
teaghing
b 4
engineeringeducation -
bigidata  smart upiversity'e-leaning
embeddegsystems Plodkghain

v t ts
cloud camputing ¥ 4
5 e
T g
stugent
i i smarughones
S amv,(y}earmmys:ems ph Saagone
1o ® © smarghones.
ingerneBOFthings . ir i telligence Rl -
e
y . : :
smatpoer grids Smarggities . university huans agye
id 3 W aoileionrier femal
tal t
smallgrid r a*veapm;n human e e
¢ e =
encleyigificiency controlled study

9 infligentpuildings

S vosviewer

Fig. 3 Co-occurrence — all key words (number of occurrence
of a keyword 100)

Key themes, including "Internet of Things," "smart city,"
"e-learning," and "higher education," were the focus of
multiple clusters and dominating phrases identified by the
keyword co-occurrence analysis. A broad nexus between
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constructs of technology, education and sustainability is
shown in the theme structure of the field. Some concepts
include the Red Cluster, related to: "Internet of Things",
"Smart City". This cluster research heavily centers around
universities integrating smart infrastructure and the Inter-
net of Things. Terms like “smart city” and “smart power
grids” are increasingly used, suggesting a growing effort
to push universities into the larger smart city projects. For
example, student, e-learning, smart university belong to
the Green Cluster. Terms like "smart university" and "e-
learning" are being used to depict how digital resources
are being utilized to transform education. In reality, the
term “student” implies a more user-centered approach
and discusses how smart technologies could affect the ex-
perience and outcome of students. Blue cluster involves
the keywords: “human,” “controlled study,” the Human —
Centric strategy of Industry 5. It also means that research
on how humans interact with these systems in learning
contexts is as important as research about the technology
itself. Keywords like “smart university”, “loT” and “smart
city” work to exemplify the demand for interconnected
municipal and educational policy frameworks. Govern-
ments also must establish provisions to allow smart cam-
pus projects to be aligned with broader smart city initia-
tives. This will ensure that technology spend yields bene-
fits for both academic institutions and cities. Digital plat-
forms are indispensable for intelligent university re-
search, with a dominance of "e-learning" and "student"
(the co-occurrence study). One of the key initiatives to im-
prove student engagement and success in a smart univer-
sity framework should be investment in personalized ed-
ucation systems and adaptive learning technology. Figure
4 shows the co-occurrence and author key words number
of occurrence of a keyword 20. Figure 4 identifies six pri-
mary clusters, representing several subject areas of study
within the smart university domain, based on the co-oc-
currence of author keywords.
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Fig. 4 Co-occurrence — author key words (number of occurrence
of a keyword 20)

Blue Cluster (Keywords: big data, Internet of Things, smart
campus, smart library) includes research focusing on the
technological infrastructure of smart universities. The
need for transformative research on the physical and dig-
ital environments of campuses is captured in terms such

» u

as “smart campus,” “smart library,” and “loT” to describe
efforts to utilize emerging technologies to optimize oper-
ations, enhance learning environments, and better man-
age resources. Smart universities may integrate green
technologies in their plans that that are underlined in Blue
Cluster by keywords: "smart building", "smart grid", "sus-
tainability". Aligning with higher education sustainability
goals, the terms “smart grid” and “smart building” charac-
terize energy-efficient and ecologically benign campus op-
erations. Red Cluster (Keywords: "education", "e-learn-
ing", "smartphone", "higher education"). Education re-
form for mobile and digital technology.

The popular terms "smartphone" and "e-learning" indi-
cate the transformation of educational methods through
digital means, offering students increased flexibility and
accessibility to their education. Keywords: "digital twin",
"industry 4.0", "smart university", "digital transfor-
mation" in the Purple Cluster deals with the widespread
transformation of universities in the digital sense. The
concept of a “digital twin” is an emerging focus in what is
termed industry 4.0 and describes a study of technology
implementation between automation and intelligent
technology with industry developments to create better
educational surrounding. Yellow Cluster (“smart city,”
“cloud computing,” “innovation”) creates a general idea
of a smart city and connects it to a smart university spe-
cifically. The term "cloud computing" refers to the use of
dispersed technologies to support collaboration, resource
pooling, and scalability of smart universities however the
term "innovation" means due attention to innovative and
future-oriented teaching methods. Blue Claster (Key-
words: “blockchain,” “security,” “smart contracts”) shines
a light on fears related to data security and privacy. Data
management and security, for example, are likely to be
key concerns in smart universities — especially since de-
pendence on digital systems is set to only increase, as in-
dicated by terminology such as "smart contracts" and
"blockchain." Given the significant focus on smart infra-
structure and sustainability (green and blue clusters), reg-
ulations promoting the application of eco and energy-ef-
ficient technology in higher education reflect the needs of
practice. National incentives to have universities harmo-
nize their work with smart city goals may create partner-
ships with municipal impact. This plenitude of digital re-
sources (cellphones, e-learning, etc.) in the red cluster
highlighted the need for universities' teaching methods,
structured around techno pedagogy, which must be adap-
tive. In order for universities to offer more inclusive, flex-
ible places to learn — particularly in distance and hybrid
contexts —they need to invest in digital infrastructure.
Smart universities need strong technology infrastructure,
as shown by the loT, big data, and blockchain clusters
(blue and green clusters). Incorporating safe, scalable
technology can enhance college administration, resource
allocation, and data security. Figure 5 shows the co-occur-
rence and author key words number of occurrence of a
keyword 100.

The Blue Cluster (Keywords: "artificial intelligence," "ma-
chine learning," "big data," "smart grid") highlights the

”u
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importance of "big data" and "artificial intelligence (Al)"
in the development of smart institutions. The term "ma-
chine learning" emphasizes the expanding use of predic-
tive analytics in education, while the existence of "smart
grid" indicates the convergence of Al with campus energy
management and operational efficiency.
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Fig. 5 Co-occurrence — author key words (number of occurrence
of a keyword 100)

The terms "smart city," "sustainability," are associated
with the Yellow Cluster. This cluster focuses on the inte-
gration of smart university projects with more compre-
hensive urban plans, including smart cities. Authors often
describe the technical foundation supporting the develop-
ment of smart campuses with sustainability as the primary
objective. The emphasis on "sustainability" implies that
intelligent universities are worried about lessening their
environmental effect via green practices and technology,
in addition to technical innovation. The Green Cluster with
the keywords "e-learning," "blockchain," "COVID-19," and
"higher education" is particularly indicative of current re-
search tendencies. The words "E-learning" and "block-
chain" are used, indicating that the emphasis is on how
universities are using scalable, safe technology to facili-
tate remote and hybrid learning methods in response to
the worldwide health crisis. The red and yellow clusters
indicating the intersection between "smart city," "loT,"
and "sustainability" highlight the need for integrated pol-
icy frameworks that link smart university programs with
municipal sustainability plans. In order to foster sustaina-
ble growth and innovative teaching, policymakers should
encourage cooperation between municipal and university
administrations [40]. The epidemic has expedited the on-
going transition to digital learning paradigms, as seen by
the inclusion of "e-learning" and "COVID-19" in the green
cluster. In order to ensure that learning continues even in
times of crisis, educational policies should place a high pri-
ority on the creation of scalable, digital platforms. The fo-
cus of the blue cluster on keywords “artificial intelli-
gence”, “big data”, and “machine learning” implies that
universities need to spend money on predictive technolo-
gies that improve both operational effectiveness and indi-
vidualized instruction. Integrating Al-driven data into uni-
versity administration systems may enhance decision-
making, resource allocation, and student results. Figure 6

shows co-occurrence and index key words density visuali-
zation with number of occurrence of a keyword 80. These
consist of "e-learning," "smart campus," "loT," "smart
city," and "students." The terms "students" and "e-learn-
ing" are used a lot, which highlights the significance of
learners in astute university research. This suggests that a
significant amount of research focuses on using smart
technology to improve the educational experience for stu-
dents and increase access to education via digital plat-
forms. The rise in use of phrases like "smart city" and "loT"
highlights the connection between smart universities and
urban development programs. This points to a rising in-
terest in the ways that universities may both use and con-
tribute to smart city technology.

es /
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Fig. 6 Co-occurrence — index key words density visualization
(number of occurrence of a keyword 80)

"Smart campuses" are becoming more common, which is
in line with other clusters that concentrate on digital and
physical environments. This emphasizes the need for cam-
puses to be ecologically sustainable and technologically
sophisticated. The focus on "students" and "smart city"
implies that student-centered strategies that support ur-
ban development objectives should take precedence in
educational programs. Governments should enact laws
encouraging universities to work with urban planners to
develop integrated smart campuses that support more in-
novative urban design. The emphasis placed heavily on "e-
learning" highlights the significance of adaptable digital
learning paradigmes. It is essential that educational meth-
ods prioritize the ongoing advancement and enhance-
ment of digital platforms, guaranteeing that students, ir-
respective of their geographical location, may get individ-
ualized, superior instruction. The terms "loT" and "smart
campus" are becoming more and more common, which
indicates that universities must make IoT infrastructure
investments. In order to build more responsive and adapt-
able campus settings, this might include smart classrooms
outfitted with environmental sensors for energy effi-
ciency, real-time data analytics, and cutting-edge connec-
tion options. The research's bibliometric trends uncover
important patterns in the growth of smart universities and
provide practical advice for directing their future, espe-
cially in the context of Industry 5.0. We can identify im-
portant areas for development and potential in the evolu-
tion of smart universities by examining co-authorship net-
works, keyword occurrences, and index keyword frequen-
cies. The examination of co-authorship networks reveals
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the robust international cooperation that propels the
agenda for smart universities. Leading nations in these ef-
forts include Germany, Italy, China, and the United States.
These networks of cooperation are dense and allow for
the sharing of advanced technologies like big data, loT,
and artificial intelligence. International collaboration like
this quickens the implementation of Industry 5.0 con-
cepts, especially intelligent systems and human-machine
interaction. To embrace best practices and promote inno-
vation internationally, universities should take advantage
of these international collaborations. The formation of
global research consortiums and cooperative initiatives
may augment information exchange and expedite the ad-
vancement of intelligent university projects. Personalized
learning pathways, student-centered learning, and the in-
corporation of adaptive technologies like Al-driven learn-
ing analytics are becoming more popular, according to a
study of frequently used phrases in scientific papers. Ac-
cording to these developments, higher education will
likely depend more and more on personalized learning ex-
periences that are catered to each student's unique re-
quirements in keeping with Industry 5.0's human-centric
philosophy. In order to increase student engagement and
results and create more responsive learning environ-
ments, universities should invest in adaptive learning sys-
tems and Al-driven analytics. The significance of combin-
ing smart technology with sustainable practices is shown
by the bibliometric analysis's frequent appearance of key-
words like 10T, smart campuses, e-learning, and sustaina-
bility. The objective of Industry 5.0, which is to integrate
intelligent and human systems to build more sustainable
and efficient campuses, is closely linked to the drive to-
wards smart infrastructure. To improve operational effi-
ciency and environmental responsibility, educational in-
stitutions should give priority to investing in loT-based
campus management, energy-efficient systems, and sus-
tainable technology. Words like "e-learning," "digital
transformation," and "smart pedagogy" are showing up
more often, as the keyword co-occurrence analysis
shows. This suggests that old pedagogical approaches are
giving way to more flexible and technologically enhanced
education. The focus of Industry 5.0 on fusing technology
and human-centered education to enhance learning out-
comes is in line with this. To provide more individualized,
dynamic, and interesting learning experiences, universi-
ties should create blended learning models that include
virtual learning environments, smart classrooms, and
real-time data analytics. A rising dedication to Industry
5.0's environmental concerns is shown in the frequent oc-
currence of sustainability-related terms in the context of
smart universities. Academic institutions must consider
how smart technology adoption advances larger social
and environmental sustainability as well as other societal
objectives. In addition to implementing green technology,
such as smart grids, energy-efficient structures, and re-
newable energy sources, universities should make sure
that their instructional technologies are usable by stu-
dents from a variety of backgrounds, including those who
have impairments. The co-occurrence of phrases like

"loT," "smart campus," and "sustainability" indicates a ris-
ing academic interest in the integration of smart univer-
sity infrastructure with smart city infrastructure, as shown
by the VOSviewer study of co-authorship networks.
Though the bibliometric data shows encouraging patterns
in research cooperation, the keyword frequency analysis
does not fully convey the actual difficulties institutions
have when trying to integrate with larger smart city net-
works. The technological compatibility of university loT
systems with citywide infrastructures is one of the main
challenges. Universities often have difficulties integrating
their internal systems with external municipal infrastruc-
ture, despite the academic literature's emphasis on the
advantages of linked loT networks for resource optimiza-
tion and energy management, as shown in VOSviewer.
Significant obstacles are presented by legislative and pol-
icy frameworks in addition to technological difficulties. A
common dedication to developing smart campus technol-
ogies is shown by the VOSviewer study, which highlights
international research cooperation, especially between
countries like China, Italy, and the United States. Univer-
sities must, however, negotiate diverse regulatory envi-
ronments when integrating with regional smart city regu-
lations, especially when it comes to topics like energy
management, cybersecurity, and data protection. For in-
stance, regional variations in data privacy rules necessi-
tate that universities make sure the massive volumes of
data gathered from loT devices, Al-powered learning plat-
forms, and campus management systems adhere to both
national and international regulations. The difficulty of
following these rules, especially when working with other
countries, may result in delays and higher expenses since
institutions must have strict security measures in place to
safeguard institutional and personal data. Furthermore,
different towns and nations have different energy laws
and sustainability requirements, which makes it more dif-
ficult to integrate university energy systems with smart
networks that span the whole city. Universities must
make sure that their systems abide by regional sustaina-
bility and environmental rules if they want to help a city
achieve its sustainability objectives by using smart tech-
nology to reduce energy usage. In order to guarantee that
the technology systems and rules are compatible, univer-
sity officials and municipal planners must negotiate,
which may be a time-consuming procedure. An aspect
that is not apparent in bibliometric maps but is crucial to
practical applications is ensuring compliance with local
legislation while interfacing with municipal services,
which sometimes slows or complicates the implementa-
tion of smart university programs. Although they are not
immediately apparent in VOSviewer's keyword and co-au-
thorship analysis, these legislative obstacles are essential
to figuring out how well universities can integrate with
larger smart city infrastructures. The VOSviewer study
does identify collaborative groups that indicate possible
future directions in spite of these obstacles. Shared fi-
nancing possibilities and international collaborations, like
those among European institutions, may be able to lessen
some of the financial and legal obstacles. Even while these
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partnerships are part of the academic network, they also
offer a crucial practical approach to resolving the many
problems associated with coordinating smart university
and smart city projects.

DISCUSSION

On a new technological basis, a digital culture is beginning
to take shape, characterized by the digitalization of all so-
cial activities. The globe is changing into a digital environ-
ment of the information society [41]. The ideas of Industry
5.0, digitalization, and smart universities are intercon-
nected and have the potential to significantly impact
higher education in the future [48, 49, 50]. The term "dig-
italization" describes how digital technology are incorpo-
rated into routine tasks, radically changing the way busi-
nesses, especially educational institutions, run. Through
data analytics and digital platforms, Universities may now
provide individualized learning experiences, maximize re-
source management, and improve administrative effi-
ciency. Industry 4.0, which focused on automation and
data interchange in production, set the groundwork for
Industry 5.0 [42, 43]. Industry 5.0 emphasizes human-in-
telligent system cooperation [44, 45]. It encourages a hu-
man-centric strategy in which cutting-edge technology
like robots, Al, 10T collaborate with human intelligence to
build more robust, adaptable, and effective systems.
Smart universities are living examples of Industry 5.0 and
digitalization [46, 47]. These establishments incorporate
state-of-the-art technology to provide intelligent and net-
worked learning environments. Smart universities im-
prove the learning experience by using loT, Al, and big
data analytics, making it more personalized and engaging
for each student. Additionally, by streamlining administra-
tive duties, these technologies increase operational effec-
tiveness and free up educators to concentrate more on
teaching and research. There is a symbiotic link among
these three ideas. The process of digitalization gives con-
ventional universities the technical foundation they need
to adopt Industry 5.0 concepts, which propels their trans-
formation into smart universities. Smart classrooms with
cutting-edge technology, data-driven decision-making
procedures, and individualized learning programs that ac-
commodate a variety of student groups are characteristics
of this shift. Digital twins, cobots, hyper-personalization,
mass customisation, and other enabling technologies to-
gether referred to as Industry 5.0 are driving the industrial
revolution [48, 49]. Values are the engine of Industry 5.0
(IR5.0). Industry 5.0 — also referred to as the "Age of Aug-
mentation" — is defined by the peaceful coexistence of
people and technology [50]. Industry 5.0 is the outcome
of humans and machines working together. An autono-
mous workforce will have a deep understanding of human
motivation and purpose. In the workplace, humans and
robots will cohabit not only courageously but also confi-
dently because people will know that their robotic
coworkers will be able to interact and collaborate with hu-
mans effectively. It will result in a manufacturing process
that is highly productive and adds value, a flourishing au-
tonomous system that can be trusted, and a reduction in

waste and associated costs. Industry 5.0 will change the
definition of a "robot." Robots will not only be pro-
grammed devices that can do repetitive tasks, but they
will also sometimes make ideal human companions.
Cobots, or the next generation of robots, will emerge dur-
ing the next industrial revolution and will be able to ac-
complish tasks quickly and intelligently, enabling the cre-
ation of robotic goods with a human touch. These coop-
erative robots will take care of safety and risk standards
since they are aware of human presence. They have the
capacity to see, understand, and feel not only the human
being but also the goals and expectations of a human op-
erator [51]. Building a better society where workers are
happy with their lives and ready for higher productivity
and automated processes is the primary objective of In-
dustry 5.0. Industry 5.0 elements include penalization,
user-based customisation, integration of the cognitive do-
main into human intelligence, and a shift to a natural en-
vironment. So, the motivation behind Industry 5.0 is the
development of creative societies, and the central tech-
nology of this movement is human-robot interaction using
repeating energy [9]. Universities all over the world must
adjust and change the way they inspire today's students
by giving them access to cutting-edge learning environ-
ments that will not only inspire students but also enhance
the caliber and reputation of the institution, given how
students are currently evolving and growing with the
world of new technology. It is imperative that conven-
tional universities change to become smart — that is, con-
temporary and intelligent —in the current world [52]. The
following characteristics of a smart university might be
listed:

— Smart Hardware & Software Systems: This clever de-
vice is a hardware and software system that helps to
improve administrative and learning processes, setup.

— Smart Classrooms: These classrooms are equipped
with cutting-edge technology and equipment to facili-
tate flexible and interactive learning, allowing teach-
ers to design more interesting and successful classes.

— Personalized Learning Environments: Educators can
create custom-tailored learning environments em-
bracing the IoT and other technologies by recognizing
the individualized needs of each student, thereby en-
hancing engagement.

— Smart pedagogy can be defined as innovative teaching
strategies that are designed according to modern
learning theories and practices, encouraging student
engagement through introducing technology into
learning environments.

— As such, a data-driven method of understanding and
improving learning processes is Smart Learning Analyt-
ics (SLA). From tracking individual student progress
and predicting results to creating personalized learn-
ing experiences.

— Specialization in Computer Science and Computer En-
gineering: A concentration on computer-related fields,
representative of technology foundation of smart uni-
versities and their contribution to advancement of
these fields through research and pedagogy.
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— Sustainability Initiatives: Efforts to implement envi-
ronmentally friendly processes and technology in uni-
versity operations supporting sustainability as a core
value and helping with environmental conservation.

— Knowledge Exchange and Community Engagement:
Smart universities are marked by partnerships with
other institutions, enterprises and communities, as
well as linkages to the global educational and research
community.

With perspective to Industry 5.0 and virtualization, the

present study provides a detailed insight into the transfor-

mation of smart universities. Bibliometric analysis and vis-
ualization enabled us to determine key trends, collabora-
tions, and technical developments and to access relevant
new insights into the future of higher education. The re-
sults clearly indicate the significance of big data, loT and
Al technologies in improving campus operations and
learning environments. This outcome supports Hypothe-
sis 1, which assumed that the smart institutions' adoption
of such technologies will enhance campus operations and
personalized learning paths will yield positive academic
outcomes and aid decision-making. On the co-occurrence
analysis, it is being used frequently, with phrases Al and
loT, which even further supports this hypothesis by
demonstrating a popular trend in the development of
smart campus building blocks. Moreover, such technolo-
gies also empower students sensitive and flexible smart
learning environments that meet students' needs. This re-
inforces the fact that technology alters the way students
learn in a diverse range of ways and shows the important
role played by nowadays Al and big data when it comes to
customized education approaches. Secondly, the results
are consistent with Hypothesis 2, which stated that the
focus of Industry 5.0 on human and machine collaboration
leads to dynamic and inclusive learning environments.

The keyword analysis's frequent usage of phrases like

"personalized learning systems" and "adaptive learning"

demonstrates how these technologies meet the demands

of a wide range of students, including those with impair-
ments. Even though the data clearly point to the develop-
ment of customized learning environments, further re-
search into certain assistive technologies would
strengthen the case for this theory. There are personal-
ized learning environments powered by Al, improving ac-
ademic outcomes and student Further research should
explore in more detail the steps that Al can take to im-
prove accessibility for children with specific learning
needs. The results of co-authorship network analysis se-
quentially show that a world coalition is important for
speeding up both the research and the technological use
of smart universities. The emergence of nations leading
the global network (such as the United States, China, and
Italy in Hypothesis 3), validated the research findings. The
results show that data-driven decision-making is increas-
ingly becoming a fundamental component of smart uni-
versities, and that responsive pedagogical models are be-
ing significantly shaped by technologies such as Al-driven
learning analytics. This confirms Hypothesis 4, which sup-
posed the application of data-driven strategies and

student-centered methodologies in higher education are
also growing due to the academic adoption of Al-based
analytics and smart classrooms. The co-occurrence of
learning analytics and smart classrooms as keywords in
the analysis signifies a set of keywords being used to
frame institutional proactivity in adapting to these new
paradigms as learning analytics becomes more widely
used. Such enhanced information can lead to better deci-
sions, more effective monitoring of student outcomes,
and the tailoring of learning opportunities to meet indi-
vidual needs. Universities must accelerate and expand in-
ternational collaboration in the fields of big data, loT, and
Al technologies. New technology diffuses faster due to in-
ternational collaboration (co-authorship networks). Inter-
national collaborations could be used to share resources,
best practices, and strategies at institutions in order to
break down barriers to technology adoption. In addition,
their leadership position in technology might be main-
tained as universities work towards greater international
cooperation and better deal with the challenges of smart
university development. This makes the collaboration
very important as smart technology needs to be weaved
into different ecosystems of education. To improve stu-
dent results, establishments need to invest in Al-powered
studying analytics and personalised studying environ-
ments. There is a growing trend towards using these tech-
nologies for personalised learning routes. Universities
must prioritize integration of Al and big data to enable
more agile and student-centered approaches to teaching.
Not only do personalized learning environments foster
greater student engagement, but they also lead to higher
accomplishments. By applying these technologies, univer-
sities will also be able to serve the differing requirements
of their student bodies: students with impairments for ex-
ample. For instance, although some countries may catch
on faster to adopt certain technologies than others, edu-
cational group need to plan ahead with integrated ap-
proach on implementation of smart technologies to avoid
such gap. The disparity in success rates between institu-
tions suggests that constant investment in loT and Al not
only seem to take a heavy toll, they also carry with them
a lot of obstacles as well. This gap may be partially bridged
by developing models that scale well to implementation.
Less disparate approaches to technology integration lead
to a more evenhanded access to the benefits of smart uni-
versities, ensuring that no student is deprived of a benefit
of state-of-the-art learning environments simply by virtue
of their institution. Astute institutions have to include sus-
tainability into their strategy for developing new technol-
ogies. The results demonstrate the increased emphasis on
green practices, energy-efficient campus management,
and smart grid technology. Investments in green technol-
ogies, such as loT-enabled resource management and en-
ergy-efficient buildings, should be given top priority at
universities. Data-driven decision-making need to be a
proactive part of academic and administrative procedures
at universities. Educational institutions are able to use Al,
big data and learning analytics to keep track of students'
accomplishments, resource utilization behaviour and how
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effectively things are running operationally. By this
means, we can make more targeted interventions-such as
offering at risk kids the personalized academic support
necessary for them to keep up or to drop in as infre-
quently as possible while not using too many scarce re-
sources in doing so. With data and analytics, institutions
will be able to make the changes to be effective and pro-
vide responsive services that lead to improved student
outcomes and make the best use of resources. In this rap-
idly emerging landscape of higher education, it will also
enable institutions to stay competitive and innovative by
continually adapting to shifting educational needs. Analy-
sis shows the multidisciplinary aspect of smart university
research. Thus, computer science, educational technolo-
gies, sustainability studies and social sciences converge on
its way to the promise of digitalization in higher education
and reflects the need for a multidisciplinary approach to
the subject. This multidisciplinary approach fosters an in-
clusive, dynamic, and future-ready learning environment
while ensuring that smart technology implementation
meets technical as well as human-centric needs. That sig-
nificant level of worldwide cooperation, as observed in
the figures showing coauthorship networks, suggests we
share a vision and commitment to worldwide transfor-
mation of higher education. Our work with others is mu-
tually beneficial; it allows us to share best practices, over-
come technical and pedagogical hurdles, as well as create
knowledge that transcends geographic and disciplinary
boundaries. The range of research clusters showing that
developing smart universities is an international under-
taking, with various areas contributing unique knowledge
and innovative ideas. The results highlight the critical
roles that cloud computing, Al, and loT have in the shift to
smart campuses [53]. These technologies are not just
helping hands; rather, they are starting to shape the en-
tire concept of what makes a university smart. They ena-
ble innovative research methods, effective campus ad-
ministration, and individualized learning experiences. But
there are downsides to leveraging these technologies, in-
cluding data privacy issues and ethical considerations, as
well as the requirement that all parties are digitally lit-
erate. In this chapter, author highlight the potential for
smart technologies to change the higher education land-
scape, but note challenges facing their implementation.
That would produce a more balanced perspective — and
constructive suggestions to universities as they face this
transition. Thus, financial constraints are one of the pri-
mary challenges because using modern technologies such
as Al, loT, and big data analytics may require a large
amount of fixed investment. The high upfront costs for
the equipment, software and infrastructure, coupled with
ongoing maintenance and operating costs can be espe-
cially problematic for schools with limited funding. This
could exacerbate inequalities in access to intelligent
learning environments. Innovative financing methods
such as public-private partnerships and global funding
platforms such as the EU Horizon initiative can mitigate
these financial challenges. Another major challenge is fac-
ulty preparation and training since faculty and

administrative staff need to learn how to productively in-
tegrate smart technologies into teaching and admininis-
trative practices. Non-technical teachers might have skill
gaps, while hesitant teachers might be the ones who have
not heard of or are reluctant to use advanced techniques.
These problems can only be addressed through compre-
hensive and ongoing training programs that provide.
teachers and staff with the skills and confidence they
need to use smart technologies efficiently. The potential
benefits of these technologies may be underused without
such planning.” Ethical and privacy concerns also hinder
the adoption of smart technologies. Handling sensitive
data on faculty and students poses challenges for uphold-
ing strong security practices and complying with data pro-
tection statutes such as the General Data Protection Reg-
ulation. Clearly, inclusiveness needs to be considered,
since some student groups, particularly imperiled or with
limited access to digital sources, may face barriers to ac-
cessing the smart learning environment in its entirety. As
such, it will be necessary to strengthen policy to ensure
that these technologies are used ethically and inclusively.

CONCLUSION

Smart universities refer to new-age learning environ-
ments which leverage medical technology to enhance the
efficacy, flexibility and student-centric nature of the uni-
versity. Besides the utilization of contemporary gadgets,
the term reflects a change of the institutional setting into
digital inclusion, customized education, and proof-based
management. Critical reflection about the digitalisation of
higher education has recently yielded the concept of the
“smart university” — an institution embracing technolo-
gies such as big data analytics, 10T, Al to reform both
teaching/learning and administration practices [54].
Smart university is establishing of digital technologies that
enables productivity, creativity and flexibility across the
entire university. Along with administrative processes,
this includes the educational process, teacher—student re-
lationships, and general campus operation. The idea of us-
ing smart technology ecosystems featuring seamless in-
formation transfer, automated functionality, and instant
decision-making could shed light on smart universities
[55]. The integration of big data, loT and Al enhances in-
stitutional efficiency and brings about significant changes
in how education is received and experienced [56, 57].
Fundamentally, the smart university seeks to bring a
sense of flexibility, inclusivity, and personalization to the
learning experience via technology, with the design of a
learning environment that responds to students' diverse
needs [58]. A smart university's deeper influence is found
in how these technologies change teaching and learning,
even while administrative enhancements like bettering
campus security, automating student services, or manag-
ing resources more efficiently are fundamental compo-
nents. Because Al makes adaptive learning systems possi-
ble, which customize course materials to each student's
unique requirements, it directly affects pedagogy [59].
Such systems assess student performance in real-time,
adjusting the difficulty of lessons, homework or tests to a
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learner’s progression and understanding. For instance,
questions or problems that are more difficult and chal-
lenging can be given to students who have a knack for a
particular subject giving them a chance to excel, while
more resources and set of basics can be given to ones who
have more trouble with the subject. In addition, Al-pow-
ered resources like as intelligent tutoring systems (ITS)
provide students with individualized support outside of
the conventional classroom [60]. These systems respond
to student inquiries, provide immediate feedback, and
help students understand difficult ideas using natural lan-
guage processing. This will not only enhance the student
experience but also provide assistance, allowing learning
to be more flexible and accessible.' For example, as of how
it is today, Arizona State University has leveraged Al-pow-
ered adaptive courseware to customize an entire stu-
dent's educational path based on performance data [61].
This system contributes to individual education for stu-
dents of the courses on a large scale that are taking the
online or hybrid courses leading to increased involvement
and performance. To enhance the learning environment,
loT connects systems, sensors, and devices throughout
the institution to create a smart campus that constantly
collects and analyzes data. This could also involve IoT in
classrooms, where smart learning environments are cre-
ated by adjusting seating, lighting, and temperature for
student comfort and focus. As students interact with
smartboards and connected devices, realtime data gener-
ation enables the educator to refine his or her strategy on
the fly. By helping in the seamless interaction of students,
teachers, as well as learning materials, loT gadgets offer
blended and distance discovering contexts beyond the
standard class. These statistics ensure that, no matter
where it is, information can be collected in an hour, learn-
ing opportunities can be made interactive, and timely
feedback is possible. Integrated with smart devices and
sensors, students may join virtual labs, do group projects,
and access course material from anywhere. This ensures
perpetual learning and is also specific to the individual
needs of every student.

By enhancing the operational frameworks (such as con-
trolling energy consumption) and by establishing con-
nected learning environments (such as interactive class-
rooms), the University of Glasgow is developing a smart
campus using loT technology to offer its students the best
possible experience [62]. Big data analytics help smart
universities leverage plenty of data on student perfor-
mance, participation, and preferences, which is needed to
tailor their services and thereby smiting more of incoming
students. Using predictive analytics, universities can as-
sess the effectiveness of a course, pinpoint at-risk stu-
dents and improve teaching methods through real-time
data analysis. Big data not only enhances institutional de-
cisions but also makes possible learning analytics that
track individual student performance, such as attendance,
participation, grades, and feedback. Analyzing and track-
ing students' learning outcomes can help instructors offer
tailored interventions, which can in turn lead to potential
improvements in students' learning outcomes. Big data

also contributes in analyzing course difficulty patterns and
student feedback to generate curriculum patterns. This al-
lows the school to constantly adjust its offerings to re-
spond to changing demand. One good example of the con-
tribution of big data analytics in higher education is the
"Course Signals" [63] of Purdue University System. The
system closely monitored students' advancement
through various signs, including test ratings, participation,
and tasks submitted. Upon pinpointing students at risk of
falling behind, it employed anticipatory examination to
furnish instructors and learners customized suggestions
or cautioning notices. That allows for timely interventions
to help keep students on track and improve their aca-
demic performance, be those interventions in the form of
additional resources, more personalized support or other
options.

The purpose of this study is to analyze the transformation
of smart universities in accordance with digitalization and
Industry 5.0 to detect major trends, challenges, and op-
portunities. It seeks to contribute to the conversation
within academia on how higher education is evolving to
suit societal needs and technology advancements. In this
study, 8,061 research publications from the Scopus data-
base from 2016 to 2024 are thoroughly evaluated using
VOSviewer for network visualization and bibliometric
analysis. The analysis is based on the publications that
unite the sectors of “smart” and “university”, focusing on
the thematic areas of digitalization and Industry 5.0. The
outcomes of this research help develop the concept of in-
telligent institutions through systematic examination of
global cooperation macrotrends, technological innova-
tions, and educational methodologies. Sustainability, dig-
itization, Industry 5.0, advanced technologies such as
blockchain, and Al, loT are introduced in this article to pre-
sent new ideas for preparing schools for Industry 5.0. In
addition, in line with other studies on the digital transfor-
mation of higher education, the study highlights the im-
portance of personalized, student-centered learning envi-
ronments. Data shows how forward-thinking universities
are raising their game and going way past merely digitizing
their admin and teaching outputs. More advanced Al-
based personalized learning environments that tailor the
learning experience to the specific needs of every learner,
boosting academic performance and student involve-
ment. Learning management systems and intelligent tu-
toring allowing quick, customized assessment, personali-
zation of learning as well as assessment of individual stu-
dent performance. When integrated into learning man-
agement and intelligent tutoring systems, these technol-
ogies enable personalized feedback, adaptive learning
and real-time monitoring of student performance. Such
individualized method aligns with the core tenets of In-
dustry 5.0, which aims for human-centric education that
is more inclusive and productive, especially for learners.
The paper also demonstrates that university research is
increasingly also becoming — more global, with the US,
China and Italy leading this trend. Through this collabora-
tion, the global adoption of smart university processes
and technologies will be accelerated, underscoring the
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impact of higher education as an innovation engine in the
digital age. In addition, smart universities have incorpo-
rated green technology and smart campus infrastructure
that can save energy or even foster ecological conscious-
ness as well. Thus for smart university students too, sus-
tainability becomes the next big thing. There is a wide-
spread adherence to the smart city frameworks, which
predict that academic institutions seek to engage in, and
benefit from, sustainable urban development. The results
illustrate the complex landscape of smart university re-
search and show how different technological innovations
—such as loT, Al, and smart grids — are adopted in the ed-
ucation sector. It indicates a focus on cross-national col-
laboration in research, that appears common globally for
developing and utilizing smart university concepts. In ad-
dition, the emphasis on technology and education-related
terms highlights the cross-disciplinary nature of smart uni-
versity research, straddling the domains of Industry 5.0,
digitalization and higher education. As higher education
transitions to smart campuses, institutions must proac-
tively strategize for the challenges ahead. That encom-
passes the fast pace of technological development as well
as changing expectations from the community and stu-
dents. Academic institutions are aiming to embrace these
new technologies but will have to do so responsibly, en-
suring academic integrity and the promotion of critical
thought, and the robustness and agility of these institu-
tions in the face of this disruption will be tested.

Future directions: Smart universities will increasingly fo-
cus their research on the intersection of technology inno-
vation, educational improvement, and sustainable devel-
opment. As they are adapting to the need of digitalization
and Industry 5.0, Universities need to expand research
topics to include essential issues such as Al personaliza-
tion, blockchain security, multidisciplinary cooperation
and sustainability. Tackling such hot-button issues may
help inform future work to help guide the design of smart
campuses that go beyond merely being technologically
advanced to also being ethical, sustainable and resilient.
Research limitations: Although comprehensive, the cov-
erage is limited to articles indexed in Scopus, which can
represent a low hanging fruit and future work should gen-
eralised this work, exploring the effects across other da-
tabases and grey literature. The work highlights the im-
portance of an interdisciplinary approach in educational
research to ensure that various aspects of smart universi-
ties are maintained and to reflect the interrelated, con-
textual and movement of these dimensions.

Practical implications: The conclusions drawn offer guid-
ance for university administrators, other policy makers
and educators towards effective development and execu-
tion of smart university strategies responsive to the re-
quirements of Industry 5.0 in order to prepare higher ed-
ucational establishments to remain competitive and rele-
vant.

Potential biases of the results: Reliance on the Scopus da-
tabase may introduce biases into the findings by excluding
pertinent studies from other databases and underrepre-
senting research conducted outside of English. The

emphasis on more recent publications (2016-2024) may
obscure fundamental contributions from older periods or
trends from less technologically sophisticated areas. In
addition, the bidding political approach of bibliometric
analysis might give more attention to measures that seem
least quality, and therefore compatible with the final de-
velopment of smart institutions, but that described some
qualitative and contextual aspects regarding smart insti-
tutions development process.
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