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Abstract. Smart University is an emerging concept, strongly anchored to smart technologies and
considered by different authors in the literature. Organizations, including universities, need to
incorporate smart technologies to take advantage of their capabilities to transform their processes and
drive them toward new organizational models. A Smart University focuses on improving its
technological infrastructure for achieving its quality educational goals. This paper presents the
integration of the key factors for adopting four smart technologies: Cloud Computing, Big Data,
Artificial Intelligence, and the Internet of Things. This characterization and integration allow us to
conclude on the need to align digital technologies with the organization's processes, requiring greater
interaction with the company’s senior management.

Digital technologies, Smart technologies, Smart university, Technology adoption.

Resumen. Universidad inteligente es un concepto emergente, fuertemente anclado a las tecnologias
inteligentes, y considerado por diferentes autores en la literatura. Las organizaciones, incluidas las
universidades, necesitan incorporar las tecnologias inteligentes para aprovechar las capacidades que
proporcionan para transformar sus procesos e impulsarlas hacia nuevos modelos organizativos. Una
universidad inteligente se centra en la mejora de su infraestructura tecnoldgica para lograr sus objetivos
educativos de calidad. Este trabajo presenta la integracion de los factores clave para la adopcién de
cuatro tecnologias inteligentes: Computacion en la nube, Big Data, Inteligencia Artificial, e Internet de
las Cosas. Esta caracterizacion e integracién nos permite concluir sobre la necesidad de alineacién de
las tecnologias digitales con los procesos de la organizacidn, exigiendo una mayor interaccién con la
alta direccién de la empresa.

Tecnologias digitales, Tecnologias inteligentes, Universidad Inteligente, Adopcién
tecnoldgica.

Paper type: Research paper.

1 Introduction

Information is the most important asset for an organization. The study of the data generated corresponds to
one of the main items for making assertive decisions. In the field of education, the data have the same
importance. Its analysis allows generating predictions that can result in the improvement of the academic
curriculum. With the advent of the Internet and the constant growth of technology, the scope of education
has progressively increased. Today it is possible for people to access knowledge from remote locations
through technology. As mentioned above, the arrival of the Internet and the evolution of technologies have
allowed education to advance by leaps and bounds, but this does not guarantee that there are no challenges
to overcome when implementing smart technologies.

The adoption and use of emerging technologies measure the degree of acceptance and application within
an organization. Adoption and maturity are often closely related, as the entire organization follows the same
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approach. The adoption of technology in education organizations has influenced the educational model and
the interactions between students and their academic environment to generate and share knowledge. The
evolution of the new Smart University concept (Rico-Bautista et al., 2019; Rico-Bautista, 2019) allows a
smart learning process that implies implementing an adaptive educational model using smart information
technologies (Akhrif et al., 2019). This growth in adoption and use of digital tools has allowed education
to progress progressively to satisfy the generation of students connected in the digital age to learn, inform
themselves, and maintain contact with the outside world (Akhri et al., 2019). However, converting a
traditional university into a Smart University is complex (Rico-Bautista, Medina-Cérdenas, et al., 2020). It
requires the interaction of physical, human, and technological resources and the planning of strategies that
guarantee this transformation.

According to Pornphol & Tongkeo (2018), the following aspects are required to transition from a
traditional university to a Smart University.

e Identification of the policies to develop guidelines that support University’s administration.

e Reengineering or modification of the organizational structure, the administration process, the
administration strategy, the follow-up and the improvement of the administration according to the
concept of business process reengineering (BPR) through the application of a transformation
strategy.

Technology is a fundamental tool that has contributed to the development of several sectors. However,
its implementation cannot be taken lightly. Fundamental aspects related to security, privacy, availability of
information, and Internet connection must be taken into account so that its use and implementation can
have a beneficial result. The technologies in educational environments bring benefits in streamlining
processes. However, it is important to emphasize that before implementing technology is important to
perform a study that establishes the benefits and the negative aspects that the process can bring. Each
technology brings special characteristics that adjust to the requirements of the environment. That is to say,
in each intelligent technology, some elements are important at the moment of implementation.

This article is organized as follows: Section 2 presents the research methodology, describes what has
been developed and published, as well as what is currently proposed, characterization of the selected
technologies (Cloud Computing, Big Data, Artificial Intelligence, and the Internet of Things) for a smart
university. Section 3 summarizes the adoption characteristics of smart technology. Section 4 describes the
integration of these smart technologies in the University. Finally, Section 5 shows the conclusions.

2 Research methodology

presents the methodology used in this study. They include the phases developed up to the catching
evolution from the smart university, the characterization of smart technologies, the proposal of the adoption
factors for each of them, and the integration.

Components developed in this research

1. Evolution and framework on the The smart university concept has evolved as follows:
concept of smart university (Rico- | e  From smart city to smart university, published in (Maestre
Bautista, 2019). Goéngora, 2015; Parra Valencia et al., 2017).

e  Smart campus vs smart university, published in (Cerdeira Ferreira
& Mendes de Araujo, 2018; Sanchez-Torres et al., 2018).

e  JoT as an emerging technology, published in (Parra Valencia et al.,
2017; Rico-Bautista et al., 2019).

e Smart Technologies, published in (Rico-Bautista, Maestre-
Gongora, et al., 2020).

2. Characterization of smart The methodology of the systematic review is based on those proposed
technology adoption models (Rico- | by Snyder (2019) and the one proposed by Petersen et al. (2008),
Bautista, Medina-Cardenas, et al., deepened in Revelo Sanchez et al. (2018). They were classified

2020) according to smart technologies: Artificial Intelligence, Big Data, Cloud
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Computing, and Internet of Things (Rico-Bautista, Maestre-Gongora, et
al., 2020), see
3. Smart technology adoption factors | Each model classified by smart technology generates its advantages and

proposal (Rico-Bautista, Medina- disadvantages when fulfilling its function. The variables that manage to
Cardenas, et al., 2020; Rico- measure the degree of adoption better are generated. The factors
Bautista, Medina-Cardenas, et al., associated with each of the defined variables are formulated (Choix et
2021; Rico-Bautista, Maestre- al., 2015; Frasquet Deltoro et al., 2012; Lopez Cabrera et al., 2019;
Gongora, et al., 2020). Martin Garcia et al., 2014).

4. Integration of smart technology Each smart technology itself brings unique characteristics, which are
adoption factors. adjusted to the requirements of the environment. That is to say, in each

smart technology, some elements are important at the time of its
adoption. The objective is to integrate them into a single proposal (Rico-
Bautista, Collazos, et al., 2021).

Many models have been proposed to understand why users accept or use technologies (see ). Of

those that have emerged for the study of the adoption of technologies are TAM, UTAUT, UTAUT2, among
others. According to the literature, the most used and validated model currently in organizations is TAM.

Adoption models of Smart technologies

TPB (Abushakra & Nikbin, 2019; Al-Momani et al., 2018,

TAM 2019; Brous et al., 2020; Das, 2019; Grandon et al.,
Internet of Things TRA 2018; Kao et al., 2019; Mital et al., 2018; Nikbin &

UTAUT Abushakra, 2019; Shaikh et al., 2019; Sivathanu,

UTAUT?2 2018).

UTAUT2 (Al-Ruithe et al., 2017; Arpaci, 2017; Nasir & Niazi,

2011; Nikolopoulos & Likothanassis, 2017; Njenga

Cloud Computing PIIJ?‘IXIUT et al., 2019; Palos-Sanchez et al., 2019; Pinheiro et
DOI al., 2014; Priyadarshinee et al.,2017; Raut et al.,
2018; Sabi et al., 2016; Vasudavan et al., 2018).
Big Data and Artificial Intelligence PIIJ?‘IXIUT (Shorfuzzaman et al., 2019; Surbakti et al., 2020).

3 Adoption of smart technology

The arrival of the Internet has driven the growing use of digital tools, in all environments, especially in
education, becoming a growing challenge for all institutions, which are focused on permanently
establishing high performance through the use of tools that are at the forefront. The development of digital
processes, including Internet of Things (IoT) applications, is essential for the required transformation of
the industry (Barrientos-Avendafio & Areniz-Arévalo, 2019; Guerrero & Rico-Bautista, 2020). The impact
of IoT adoption is mainly related to the data obtained (Brous et al., 2020). It is sought that many of these
can be taken in real-time (Abushakra & Nikbin, 2019).

This technology enables companies to adopt new data-driven strategies and handle global competitive
pressure more easily (Mourtzis et al., 2016). For the proposed factors, the technology acceptance model
(TAM) is taken as a basis. This case raises four fundamental aspects: perceived utility, perceived ease of
use, attitude towards use, and intention towards use. To adopt this technology, the application in higher
education environments is emphasized (see ).
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Adoption factors for proposed IoT technology

Managing, storing, and sharing data quickly and easily from anywhere in the world with an Internet
connection has become of vital importance (Pinheiro et al., 2014; Xu, 2020). The main benefits include
scalability, resilience, flexibility, efficiency, and outsourcing of non-essential activities. It is one of the most
advanced related digital technologies essential for optimal and quality operation focused on improving
interoperability and flexibility in the processes of today’s organizations (Y. C. Medina-Cardenas & Rico-
Bautista, 2016; Y. Medina-Cardenas & Rico-Bautista, 2008, 2009; Medina Cardenas et al., 2016;
Vasudavan et al., 2018). As it is implemented, it also creates challenges in areas such as data governance,
manageability, monitoring, reliability, availability, and security (Raut et al., 2018). It offers unique
capabilities for enterprises, which can quickly move to a competitive position and take advantage of service-
based IT solutions at a low cost; likewise, to globalize your processes quickly and distributed business
operations become easier to perform (El-Gazzar et al., 2016).

According to the tools for measuring the level of adoption of smart technologies in information systems,
the non-adoption of this type of technology is mainly due to several factors, one of them is the Perceived
Utility Factor (PU): the degree in that a person believes that using a particular system would improve their
job performance; the other factor is perceived ease of use (PEOU); the degree to which a person believes
that using a particular system would be effortless (Cecil, 2018). The adoption of cloud computing in
education has the potential to improve knowledge management, being the sector that adopts its services the
most, followed by telecommunications (Al-Ruithe et al., 2017). To conclude, the factors that affect its
adoption cross technological, organizational, and environmental contexts (Nikolopoulos & Likothanassis,
2017). These three configurations involve stakeholders including, but not limited to, cloud service
providers, end-users, corporate leaders, regulatory authorities, and competitors on the market scene (Njenga
et al., 2019). The key aspects to take into account when adopting cloud computing refer to trust and IT
security (Priyadarshinee et al., 2017) (see ), taking as a point of reference some elements of the
TAM model.

47



Rico-Bautista et al./Revista Colombiana de Computacion, Vol. 22, No. 1, 2021, pp. 44-55

T

F21 Managing
:~-> information
technology

i
F11
i - y .

) 8 technology
\—i Fis

F3 " // \ F14
| Easeof use A

- 4 { Cloud computing |
| adopné’n Y | F13 4 Degree of process
\ /

streamlining

o Y
‘ Purpose of Use ‘
J

‘Avallabilty of
information

A

Scalability-Efficiency

Y v

."“" Context of Use ‘
.

¥Fs Fo ¥ v EFQ

‘ Volunteer | | Social Influence }---. |Reswstance to use ke Infrastructure
H i

F7 1

H ' V11
:F - Fo

Proposed adoption factors for Cloud Computing technology

Big data is having a huge impact in various fields, including commerce, education, healthcare, and finance.
The education sector is one of which generates more data, and this is because the internet is a fundamental
tool for students, necessary for their learning (Hao et al., 2018). The result of the analysis of data on student
academic achievement can present the future career, area of interest, and educational curriculum for a
specific student, and can provide individualized learning given the fact that it individually provides learning
methods and personalized information (Kim & Ahn, 2016).

Sophisticated data analysis techniques are required to handle the complexity of learning and analyze a
large number of data sets to improve the learning experiences of students, resulting in its adoption of
efficient processing (Shorfuzzaman et al., 2019). In organizations, data collection and analysis are a
fundamental element to make good decisions, focused on improving the general performance of the
company, helping to evaluate the work performance of each worker. They should focus on several issues
when implementing this technology, one of which is the quality of the data (Ramos et al., 2015). For it to
be successful in organizations, regulatory and ethical challenges must also be addressed, these include
privacy concerns (Hamilton & Sodeman, 2020; Wu et al., 2017). Big data is a complex phenomenon, and
understanding the technical, organizational, and human factors that contribute to its effective use are key
to providing organizations with guidance to improve the results of their large projects (Surbakti et al., 2020).
Data has become so important that data analysis is a critical competitive asset and central element in the
decision-making process of various industries (Barrientos-Avendafio, Coronel-Rojas, et al., 2020). In the
case of the implementation of Big Data in higher education institutions, the factors to measure its level of
adoption are associated in different ways (Rico-Bautista, Medina-Cardenas, et al., 2020). See
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Proposed adoption factors for Big Data technology

The processing of Big Data through Artificial Intelligence (AI) can contribute greatly to the urban fabric,
the dimensions of sustainability and habitability should not be overlooked in favor of technological (Allam
& Dhunny, 2019). Machine intelligence and robotics with deep learning capabilities have created disruptive
and enabling effects in business, government, education, and society (Goralski & Tan, 2020).

Research teaching fits the requirements and needs of a smart learning environment, contributes to
creating innovative trends through the use of data in the application of new technologies, which support the
creation of smart services, meeting the needs of students. To implement this, the system requires a set of
smart technologies, methods, hardware, and software components, which increases the constraints related
to adaptation to the context, data analysis, prediction, and recommendation within a learning environment
(Akhrif et al., 2019). Universities, in particular, have served as an ideal platform to showcase smart
applications to promote smart campuses. Today, it is common to see projects dedicated to promoting smart
environments capable of analyzing data and making decisions based on the captured data, using smart tools
and state-of-the-art technologies (Sayed et al., 2020).

In the education sector, this technology can help decipher the difficulties of students and understand how
to help them, enhance the imagination of a community and design a new educational experience
(Chassignol et al., 2018). Various Al techniques have been used in adaptive education systems (Barrientos-
Avendario, Areniz-Arevalo, et al., 2020). See
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4 Adoption factors of smart university technologies

Education is a fundamental pillar in the intellectual development of each individual. In many institutions,
it is taught traditionally, with a methodology applied to a group of students alike. With the arrival of the
technological era, a series of tools have been proposed to individualize this process according to the needs
of each individual, managing to establish a specific and independent educational pace for each student.
When a university proposes the use of smart technologies, it not only stays at the forefront but also becomes
a leading institution, generator of emerging technologies and becomes a reference for other institutions in
the management of technological trends (Choix et al., 2015; Frasquet Deltoro et al., 2012; Lépez Cabrera
et al., 2019; Luzardo Bricefio et al., 2017; Martin Garcia et al., 2014). A Smart university is the set of
technological tools that, when applied, improve the way processes and activities are carried out. Among
the tools is the internet of things that allows the integration various networks and heterogeneous sensor
devices in a smart system. Implementing it shows several important challenges, such as effective
management of material and structural resources in the organization.

The integration of each smart technology has its center in one of the elements extracted from TAM (see

): Intention towards use.
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Integration of the adoption factors smart technology proposed for universities
From this item, four aspects of vital importance emerge, which we will deal with below:

e Perceived utility-Perception of the institution. It has to do with the perceptions that had in this case
of smart technology. They are closely related. If there is utility, the perception will be good.
Therefore, the social influence in the circle surrounding it will improve, thus allowing it to act for
the benefit of the adoption of technology.

e  Social influence-Competitiveness. Competitiveness is an element that makes us reappear and enter
into the use of new technologies. By mixing with social influence, it can act both positively and
negatively.

e Social influence-Performance expectations. The latter directly affects social influence and acts in
a similar way to the previous item.

e [ntention of use voluntary. The results obtained from the voluntary adoption of technology
positively impact the intention of use. It has to do with the perception generated by the user.

e [ntention towards the utility perceived by the use. The utility directly influences the intention to
use. That is, if a good utility is perceived, the intention to use it will increase.

e Attitude towards use-Intention towards use. The attitude comes from the incidence of several
factors, but the intention influences the attitude.

e Attitude towards use-knowledge. The attitude towards use is directly proportional to the degree of
knowledge that one has of a technology.

o Attitude towards use-Experience. Experience acts as a positive factor when adopting technology.

e Attitude towards use-Resistance to change. If there is resistance to change, the attitude generated
will be negative, and the technology’s adoption will be significantly affected.

e Attitude towards use-Infrastructure-Context. These are elements that are part of the physical
environment. The infrastructure in some technologies is necessary to establish good performance
criteria.

e Attitude towards user-Compatibility with other systems. In some institutions, there are tools
implemented, and when making use of new technologies, these tools generate conflicts and a bad
user experience

e Attitude towards use-Price. Cost it seeks to obtain a beneficial attitude towards reasonable costs.

e Attitude towards the use-data security and privacy. Handling that technology gives to the
information, these items are related, and all mentioned aspects have to do directly with the
information. The attitude towards the use is favorable as long as it complies with the previous
items.



Rico-Bautista et al./Revista Colombiana de Computacion, Vol. 22, No. 1, 2021, pp. 44-55

Premises:

e The more technology knowledge will be easier to use, and therefore the attitude towards its use
will be favorable, thus increasing the degree of adoption.

The privacy of information is a favorable aspect given the attitude of the use of new technology.
Knowledge gives way to ease of use, and therefore the perceived usefulness will be greater.
High-performance expectations serve to generate more significant social influence.

Positive social influence improves the individual’s perception of new technology.

The price to cost ratio is closely related to the individual’s perception.

Resistance to use negatively affects the intention to use.

If performance expectations are met, the greater the perceived utility.

e Resistance to change has a negative influence on ease of use.

5 Conclusions

The new technologies bring benefits, allowing to solve the needs in a community, but the process of its
implementation, is something that cannot be done lightly, the steps to follow must be studied and a strategic
planning must be established to help the organizations to adapt to the technology in the best way; in many
cases the viability in specific environments must be taken into account and it is very important to be able
to recognize when this process will not bring benefits; but if on the contrary, the viability studies give
positive results, the recommendation is to begin little by little with the adoption of the technology, to use it
in areas and to study its operation. The adoption of smart technologies is becoming an increasingly common
object of study in research work. The implementation of emerging technologies in universities must take
into account aspects related to security, privacy, availability of information, and internet connection.

For the smart Cloud Computing technology, the central value is in the management of the information,
the universities require elements that improve, expedite, and safeguard the information and have it at the
moment which it is necessary; Implementing this technology not only foresees these needs, but also gives
an added value of keeping all the information centralized in one place, for example with this technology, a
university can create its own private cloud within its own infrastructure and thus achieve satisfy all the
aforementioned requirements, it is important to emphasize the orientation that the institution has when
wanting to implement this new technology that brings with it many benefits, but which in turn requires
personnel who know its operation.

Artificial intelligence is focused on the intention of use, in which many other aspects that influence the
adoption of the technology fall, it is for this reason that before implementing it analysis is necessary to see
the feasibility of this action. This technology brings many benefits in higher education environments, we
can speak of smart tutors, which based on algorithms can create a pattern where the requirements of each
student, in particular, are established, in other words, what allows us to create personalized teaching, with
permanent support; To this is added that each teacher in the area can be aware of the development of work
with their students, managing to establish an improvement in terms of learning techniques.

For the particular case of Big Data, 3 main factors revolve in terms of its adoption, the perception of the
institution before the adoption of the technology, is important because the institution must have a good
perception value to have good results in the implementation of technology. The second and most important
aspect has to do with risks and security, practically this technology is based on the management and
administration of information, for this reason, this subsection represents a fundamental value, it must be
guaranteed for a university to trust that using this technology could have a good analysis of your
information; and finally, institutional support, which is related to the functionality of the technology already
implemented in the institution; For example, a university expects high performance that has to do with the
level of utility and in turn with the streamlining of processes.
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