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Foreword

Behind the veil of each night, there is a smiling dawn
Kabhlil Gibran

Are Higher Education Institutions (HEIs) reluctant to changes? Indeed, we can agree
they are. In fact, we can assure HEIs are guardians of tradition, similar to Roman God
Janus usually depicted as having two faces, the God of transitions and doorways.
One face looks to the past and the other towards the future. University reluctance
guarantees some fundamental aspects for knowledge development but at the same
time, it generates obstacles for immediate transformations.

One of the most important transformations is the digital one. Not only due to its
technological characteristics, but because of the need of cultural and mental changes
among those who live the life inside universities, as faculties, students, government
managers, administrative staff, etc.

The most vertiginous transformations end, most of the times, in revolutions. The
best example was the first Industrial Revolution, which implied fundamental changes
in the life of the people in the world and affected the way in how people were in
relation to knowledge and the possibilities of life structure changes.

In a lower scale, the realities that we are facing today in HEI, especially the
cultural, mental and digital transformations, could turn into a revolution, because it
overflows our capability of adaptation to the velocity of change that modern society
is expecting.

Latin America and their HEI, despite sharing a lot of cultural aspects, are extremely
vast in territory and population. The changes and adaptations needed in the different
regions, generates not only expectative but huge challenges facing digital transfor-
mation. Because of that, it is necessary to define a roadmap, especially in relation to
HEI administration, infrastructure and organization.

Among the challenges that we can emphasize on are: overpopulation, level of
dispersion of such population, access to technology, demographic distribution, social
and cultural realities and stakeholders interest. Particularly, students are playing a
fundamental role. Generational distances nowadays are longer than ever, and the
skills the world is looking forward, especially soft ones are essential in a planet
plenty of uncertainties.
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On the other hand, some aspects in relation to HEI management, such as
curriculum adaptations, online grading, alumni relationship, among other, are dimen-
sions with a high potential level to be analysed by the light of digital transformation
and 4.0 technologies.

Other challenges HEI must face, from a perspective of opportunities and obstacles,
are those related to communicational technologies. Transmission of reliable and
timely information to selected and specialized groups, in order to avoid saturation
inside the community, must be a priority that is essential from the transformation
proposed in this book.

Human dimension and biocentric ethic policies, framed in a global perspective
based on sustainability, are central axes of the university management in a world
full of challenges and uncertainties generated by the pandemic crisis that we are
facing today. Disruptive scenarios in a social perspective can be barriers affecting
the satisfaction of needs in academic communities. The organic changes in HEI have
been presenting the increasing interest of digital transformation. Those challenges
are framed in transformations that must have a holistic glance with the aim of coming
through the most important values achieved by humanity.

All these aspects which have been addressed are only an invitation to reflect on
the importance that this book is showing us, facing the transformations that must be
developed from the technological revolutions inside the Latin American universities.'

Camilo Younes-Velosa

Full Professor

Vice Rector for Research
Universidad Nacional de Colombia

! The affiliation of author Camilo Younes-Velosa has been corrected in Foreword page.



Preface

University as the epicentre of knowledge, research and innovation, and driving forces
of development in Latin America, nowadays face a challenge that demands of itself
an internal vision and capacity that allows it to maintain its self-regulation while
reaching its own digital transformation. Furthermore, its permanent relationship with
the environment allows to measure its relevance and measure to the extent in the
adequate and timely response to the requirements of society and industry.

The Fourth Industrial Revolution has led universities in Latin America to rethink
themselves, see in perspective their condition and how they are related to a changing
environment that projects their development and growth in the Fourth Industrial
Revolution. Therefore, presenting to the universities of Latin America a valid study
and analysis scenarios that require assimilation to immerse themselves in digital
transformation processes where disruptive technologies such as artificial intelligence
converge is key.

To this regard, there are three main strands in this book: (1) Higher Education
Institutions in Latin America are usually well rooted but not adapted to what the future
requires. Processes, management structures, decision procedures and educational
methodologies are very much focused on traditional measures, which are usually
slow and have proven not too effective. Universities need an upgrade on many levels,
and digital transformation seems to be the key. The first three chapters by Zapata
Jaramillo, Rodriguez and Zapata Cortés, as main or corresponding authors, address
this strand

As a second strand (2), Latin America requires an urgent implementation of an
action plan on digital transformation. Every country has a different context, but
all of them share the need to update the use of Information and Communication
Technologies at various levels. The risk to stay behind a reasonable degree of progress
based on a sensible application of technology is too high to hide. The fourth to seventh
chapters, by Diez, Simonette, Argiielles and Castillo, work on this strand

The last strand (3) concentrates on artificial intelligence and Technologies 4.0.
These are basic tools for change and progress today. Analysis, decisions, tracking
and assessment are based on real-time, multi-sourced information dashboards. They
require the integration of a number of user groups, including students and professors,

vii
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but also academic managers, content providers and the wider society. The proper inte-
gration of these technologies will allow for an improvement in the service provision
and goals achievement in higher education and the correlated knowledge transfer to
that society. The eighth to thirteenth chapters, by Castro, Zapata Jaramillo, Yabar,
Martinez, Rigaud and Moreno, provide insights to this extent.

This book is a guiding element that facilitates the understanding of how arti-
ficial intelligence helps and integrates digital transformation in Higher Education
Institutions from education innovation in the following scenarios: learning envi-
ronments (learning innovation, learning management systems, data and analytics),
emerging education trends (business trends, strategic technologies), administrative
systems (recruit, retain, advance, enterprise business capabilities, student informa-
tion system), digital strategy execution (business models and opportunities, strategic
planning and governance).

Daniel Burgos

Director of Research Institute for Innovation &
Technology in Education (UNIR iTED)
Universidad Internacional de La Rioja (UNIR)
Logrofio, Spain

Adjunct Professor, Department of Computer
Science and Decision, Faculty of Mining
Universidad Nacional de Colombia
Medellin, Colombia

John Willian Branch

Full Professor, Director of Research &
Development Group on Atrtificial Intelligence
Department of Computer Science and Decision
Faculty of Mining

Universidad Nacional de Colombia

Medellin, Colombia



Contents

Higher Education (HE) Across the Continent. How HE Is

Addressed by Region ............ .. ... .. . ... ...

Edison Spina, Carlos Mario Zapata-Jaramillo, and Marcel Simonette

A Roadmap for Digital Transformation of Latin American

Universities . ........... .. e

Sandra Martinez-Pérez and Guillermo Rodriguez-Abitia

Virtual Education in CEIPA: New Educational Paradigm

at the Beginning of the Twenty-First Century ......................

Julidn Andrés Zapata Cortés, Angel Rodrigo Vélez Bedoya,
Martin Dario Arango Serna, and Diego Mauricio Mazo Cuervo

Advances, Opportunities, and Challenges in the Digital

Transformation of HEIs in Latin America .........................

José Humberto Serna Gémez, Flor Nancy Diaz-Piraquive,
Yasser de Jesis Muriel-Perea, and Alejandro Diaz Peldez

Digital Transformation of Academic Management: All the Tigers

Comeat Night ....... .. ... . . .

Marcel Simonette, Mario Magalhaes, and Edison Spina

Education in Latin America: Toward the Digital Transformation

iInUniversities ............ ... . i

Amadeo-José Argiielles-Cruz, Francisco-José Garcia-Pefialvo,
and Marfa-Soledad Ramirez-Montoya

State of Digital Transformation in the Universities of Central

AIBIICA ...

Aris Castillo, Vladimir Villarreal, Dafni Mora, and Lineth Alain



X Contents

Behavior Analysis of Digital Transformation in Latin American

and Colombian Universities, Based on a General Identification

of Variables .......... ... . ... ... 129
Lina Maria Castro Benavides, Johnny Alexander Tamayo Arias,

and Daniel Burgos

Artificial Intelligence and Industry 4.0 Across the Continent: How
AT and 4.0 are Addressed by Region ................................. 157
Nilda Yangiiez Cervantes and Carlos Mario Zapata-Jaramillo

Artificial Intelligence as a Support Philosophy for Change:
Comunidad Andina Case Study .......................iiiiiioaa.. 179
Ben Y. P. Yabar-Vega and Yvan F. Diaz-Zelada

Mining Pre-Grade Academic and Demographic Data to Predict
University Dropout . ............ ... .. . 197
Alvaro Martinez-Navarro, Elena Verdd, and Pablo Moreno-Ger

A Personalized Brand Proposal Based on User’s Satisfaction

and Curriculum Supported by an Intelligent Job Recommender

SYSteIN ... 217
Nelly Rigaud Téllez and Patricia Rayén Villela

Machine Learning and Student Activity to Predict Academic
Grades in Online Settingsin Latam ................................. 243
Pablo Moreno-Ger and Daniel Burgos



Higher Education (HE) Across )
the Continent. How HE Is Addressed Gedida

by Region

Edison Spina, Carlos Mario Zapata-Jaramillo®, and Marcel Simonette

Abstract Industry 4.0 and digital transformation are hot topics in Latin America
related to higher education. Some authors explore such topics from different points
of view. However, we need to understand the context surrounding higher educa-
tion in Latin America to weigh the challenges and opportunities these hot topics
face in our region. Accordingly, in this chapter, we propose a knowledge represen-
tation of the context of higher education in Latin America based on the so-called
pre-conceptual schemas. We aim to provide a framework for understanding how
to implement the solutions proposed in the remainder of this book, related to the
different fields of Industry 4.0 and digital transformation. We start by performing a
state-of-the-art review of the context of higher education in Latin America. Then,
we identify the main concepts and relationships addressed in the resulting papers to
unify terminology about this context. Finally, we develop the pre-conceptual schema,
and we discuss findings based on such knowledge representation. Moreover, the pre-
conceptual schema presented in this chapter can be used to identify interconnections
and relationships among the diversity of solutions and cases proposed in this book.
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1 Introduction

A new industrial revolution is in place, and higher education institutions have to react
in order to adapt themselves to the challenges proposed by the digital transformation
linked to such revolution. According to Lambrechts and Sinha (2021), such reaction
is difficult to achieve in emerging markets, just like Latin American countries.

Some authors explore this trend from different perspectives sharing the main
implications for higher education in Latin American countries (Delprato & Akyeam-
pong, 2019; Fischman & Ott, 2018; Gacel—Avila, 2018; Guiroy et al., in press; Hilliger
et al., in press; Izaguirre & Capua, 2020; Katz & Callorda, 2018; Lemaitre, 2018;
Neidhofer et al., 2018; Sanabria-Pulido et al., 2016; Torres-Samuel et al., 2020;
Viloriaetal., 2020), but they usually lack a holistic vision, including multiple perspec-
tives. Such holistic vision can be used as a conceptual framework for understanding
the main concepts and relationships linked to this trend. Consequently, we propose
a graphical way to summarize such perspectives to recognize the main concepts and
relationships linked to the digital transformation in Latin American higher educa-
tion institutions, and we provide a so-called pre-conceptual schema (Zapata et al.,
2006) for mapping such elements. Pre-conceptual schemas are knowledge represen-
tations closer to the natural language for drawing and understanding the information
related to a particular domain. We follow a three-phase method for completing our
pre-conceptual schema:

e State-of-the-art review. We systematically look for papers/chapters related to
digital transformation in higher education in Latin America.

e Terminology unification. We collect a corpus with the papers/chapters from the
previous stage in order to identify the main concepts and relationships. Then, we
determine the equivalences among terms.

e Pre-conceptual schema development. We draw the elements identified in the
previous phase by using the graphical syntax of the pre-conceptual schemas.

Finally, we analyze the background documents (Delprato & Akyeampong, 2019;
Fischman & Ott, 2018; Gacel-Avila et al., 2018; Guiroy et al., in press; Hilliger
et al., in press; Izaguirre & Capua, 2020; Katz & Callorda, 2018; Lemaitre et al.,
2018; Neidhofer et al., 2018; Sanabria-Pulido et al., 2016; Torres-Samuel et al., 2020;
Viloria et al., 2020) by using the resulting pre-conceptual schema. We aim this pre-
conceptual schema which can be used for reviewing and analyzing the remainder
chapters of this book, so the solutions proposed can be clearly understood.

This Chapter is organized as follows: we present a theoretical framework in Sect. 2;
then, we discuss some background in Sect. 3; after that, we apply the three-phase
method for developing our pre-conceptual schema in Sect. 4 and summarize the
results; finally, we discuss conclusions and propose future work in Sect. 5.
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2 Theoretical Framework

2.1 Digital Transformation in the Fourth Industrial
Revolution

Fetting et al. (2018) link digital transformation to industry 4.0 as a new manner to
organize and control the whole value chain by incorporating real-time availability
and horizontal/vertical integration. They also categorize four dimensions to succeed
in digital transformation:

e Corporate strategy. Industries need a change in the corporate strategy for
answering challenges arising from new competitors, changes in the market,
and technological modifications to the environment. Changes in the vision, the
business model, and the conception of autonomy and flexibility are needed.

e Work organization. The way of working and the structure of the companies
should turn to agile, technological, and competitive organizations.

e Human Resource development. Hierarchies should be flattened, and the way to
manage human resources should change for promoting creativity, innovation, and
autonomy. Education and training are crucial in this scenario.

e Cultural aspect. Cultural change leads the transformation toward organizations
and nations more productive and prone to answer the challenges of industry 4.0

2.2 Pre-conceptual Schemas

Zapata et al. (2006) define pre-conceptual schemas as knowledge representations
closer to the natural language of the stakeholder for obtaining other conceptual
schemas used in software development. Knowledge representations can help to the
migration from implicit to explicit knowledge, considering that we can identify and
collect concepts and relationships from a domain in a graphical easy-to-read struc-
ture. Main elements of pre-conceptual schemas (Norefia, 2020) are depicted in Fig. 1.
However, we only use the following elements in this chapter:

e Concepts. Nouns and noun phrases identified from the stakeholder discourse.
Concepts can be class or leaf concepts. In the first case, concepts are heading
a structural relationship. In the second case, concepts are linked to structural
relationships, but they are no heading them.

e Structural relationships. Verbs for generating permanent relationships between
concepts, corresponding to is-a (verb to be) and whole-part (verb to have)
relationships in a taxonomy
Notes-values. The possible value assigned to a leaf concept.

e Achievement relationships. Verbs for expressing improve-
ment/maintenance/realization.
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Fig. 1 Main symbols of the pre-conceptual schemas (Source Norefia, 2020)

e Connections. One-direction arrows for linking concepts to structural relationships
and vice versa.

e Concept-note links. Dotted lines for connecting concepts to notes-values or
achievement relationships to other elements.

3 Background

In this section, we summarize some perspectives related to the features and chal-
lenges of higher education in Latin American countries. Delprato and Akyeampong
(2019) discuss how Latin American working students are affected in their learning by
performing a survey in some countries of the region. They discover working students
have some barriers to learning as their work is more related to low payment and low
skills. Similarly, Fischman and Ott (2018) discuss other problems affecting Latin
American students from public universities, like out-of-date curricula and methods,
the politicized influence of groups resistant to change, and bureaucratic administra-
tive systems. Gacel-Avila et al. (2018) define internationalization in Latin America
higher education and presents the main benefits (international recognition of student
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profiles, quality improvement, and curriculum improvement) and barriers (insuffi-
cient financing, lack of linguistic skills, and bureaucratic procedures) that this process
faces in the region. Guiroy et al. (in press) explore the access to education and tech-
nology, and they find limited resources like cost, scarce technologies, and difficult
educational opportunities. Hilliger et al. (in press) identify some needs for adopting
analytics learning in Latin American universities like the feedback and timely support
for the students, the timely alerts and the meaningful performance evaluations for
the teaching staff, and the information to implement support interventions for the
managers. Izaguirre and Di Capua (2020) explore the incidence of endogenous peer
effects in secondary education in Latin America by applying a social interaction
model. Katz and Callorda (2018) develop a comprehensive digitalization index for
assessing the econometric development impact of digitalization in Latin America.
They discover some advanced countries and other developing countries in the region
in terms of supply and penetration of broadband services. Lemaitre et al. (2018) define
autonomy and accountability in higher education in Latin America by recalling the
history behind some countries of the region; she discovers that governmental poli-
cies and market demands often regulate higher education institutions. Neidhofer et al.
(2018) apply some indexes for exploring the causes and consequences of the intergen-
erational persistence of inequality in education in Latin America. Their findings show
a growing trend to intergenerational mobility, “positively associated with economic
growth and progressive public expenditure in education, but negatively associated
with income inequality, poverty, returns to education, and the degree of assortative
mating” (Neidhofer etal., 2018, p. 345). Sanabria-Pulido et al. (2016) compare public
affairs education between Latin American countries with more developed countries.
They conclude that the Latin American model is entirely different from the US and the
European model. Torres-Samuel et al. (2020) assess some factors related to progress
in research and development, science and technology, education, and innovation in
Latin American countries. They find that the gross domestic product is the most
important factor for contributing to research and development expenses, especially
in high technology. Viloria et al. (2020) perform a study about the patterns of use
of mobile digital devices in ten Hispanic American institutions. They conclude that
tablets and laptops are used in such universities for academic information search,
study, and consultation of university services. In contrast, smartphones are used for
exchanging academic information, chatting via instant messaging, checking email,
and interacting on social networks.

The aforementioned authors study multiple perspectives, but we lack a holistic
view of the context of higher education in Latin America. Such a view can be used as
a conceptual framework for exploring the solutions proposed throughout this book.
For this reason, we propose a pre-conceptual schema at the end of the next section for
graphically summarizing the concepts and relationships affecting higher education
in Latin America.
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4 The Way to Manage Higher Education in Latin America:
A Pre-conceptual-Schema-Based Summary

Terminological unification is needed for understanding multiple perspectives related
to the same topic. In the previous section, we identify some factors, problems, chal-
lenges, benefits, and concepts associated with higher education in Latin America,
but we lack a holistic vision of such perspectives. We follow a method based on three
phases for solving this problem: a state-of-the-art review, terminology unification,
and pre-conceptual schema development, as depicted in Fig. 2. We develop such
phases in the following subsections.

4.1 State-of-the-Art Review

The first phase of our method is related to the performance of a state-of-the-art
review, and Kitchenham et al. (2009) propose a method for performing systematic
literature reviews in software engineering. Such a method can be used in any field of
knowledge. We follow this method for identifying papers/chapters related to digital
transformation in higher education in Latin America. The steps we follow are:

e Writing the research questions. We start by defining the following research
questions:

RQ1: How higher education is addressed in Latin America?
RQ2: How digital transformation is linked to higher education in Latin
America?

e Searching the sources. We define the sources to be searched for papers/chapters
related to this topic. After a preliminary search, we decide to work with
the following databases, since they deeply cover the topic: Science Direct,

TERMINOLOGY
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Fig. 2 Method followed for completing the pre-conceptual schema about higher education across
the continent (Source The Authors)
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Springer, and IEEE. Some of the target books/journals/conferences selected are:
International journal of educational development, Encyclopedia of international
higher education systems and institutions, World neurosurgery, The Internet and
higher education, Research in economics, Telecommunications policy, Journal of
development economics, Policy and society, Procedia computer science.

¢ Defining inclusion and exclusion criteria. We define some criteria for giving
scope to the search process. First, we define as inclusion criteria: (i) five years
of publications, preferable closer to 2020; (ii) English language; (iii) anal-
ysis of more than one Latin American country; and (iv) some factor related
to digital transformation. Also, we define the following exclusion criteria: (i)
papers/chapters/books just citing the results of an analysis performed in another
paper; (ii) papers/chapters/books excluding the keywords higher education and
Latin America from the title/abstract/conclusions; and (iii) availability of the full
text.

e Collecting data. We obtain twelve studies (Delprato & Akyeampong, 2019;
Fischman & Ott, 2018; Gacel-Avila et al., 2018; Guiroy et al., in press; Hilliger
et al., in press; Izaguirre & Capua, 2020; Katz & Callorda, 2018; Lemaitre et al.,
2018; Neidhofer et al., 2018; Sanabria-Pulido et al., 2016; Torres-Samuel et al.,
2020; Viloria et al., 2020) after performing the previous steps. We discuss the main
contents of such papers/chapters in Sect. 3 of this chapter in order to provide
an initial context to the readers and checking the contents are suitable for the
realization of our analysis.

4.2 Terminology Unification

This phase includes the following steps:

e Collecting the corpus. We use the full text of the papers/chapters identified for
creating a corpus related to the holistic view that we are searching for in order to
answer our research questions. We exclude from the corpus some information of
the papers/chapters to avoid the information bias and focus on the contents: (i)
headers and footers, since they are referred to the same information included in
the title/authors; (ii) information about the copyright and editorial; (iii) names and
affiliations of the authors; (iv) keywords, since not all of the chapters/papers have
this information; (v) acknowledgements, declarations of competing interest, and
credit author contribution statements, since we are focused on the contents of the
papers/chapters related to the topic that we are summarizing; and (vi) references.
The final corpus is a plain text with 12 documents. We use an online tool for
counting words (https://wordcounter.net/) in order to determine the following
features of the corpus: 83,489 words, 2862 sentences, 11,684 paragraphs, 5 h and
4 min of reading time, and 7 h and 44 min of speaking time.

¢ Identifying main concepts and relationships. We use the words and their
frequency for summarizing the information of the corpus in the same online tool
(https://wordcounter.net/). We omit the usual stop words of the English language,
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i.e., definite and indefinite articles, prepositions, and adverbs. We also omit some
other words common in technical writing like abstract, introduction, conclusions,
paper, chapter, and future work, since they are always present in the documents
and they can bias the contents. Finally, we omit some other words related to the
way to perform the analysis, like study and survey. After summarizing the most
frequent words, we also use the information related to pairs and triplets of words
more frequent. Such information is summarized in Tables 1, 2, and 3.
Determining equivalences among terms. Tables 1, 2, and 3 are the termino-
logical basis for understanding the documents incorporated in the corpus. Some
words exhibit different kinds of relationships with others. Terminological unifi-
cation is the process for simplifying such relationships in order to assign some
words to other ones as a way to deal with multiple words for expressing the same
ideas. We identify the following relationships/problems in the information:

— Argentina, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, and
others are names and countries

— LA is one acronym for Latin America

— Latin America is also the name of a region

— University and school are two types of institutions

— Child and children are students in this context

— Private and public are affairs associated to institutions

— Teachers are usually referred in the documents as teaching staff

— Math, mathematics, language, reading, and others are courses belonging to
academic programs

— Micro and macro are sizes related to the institutions

— Primary, secondary, and higher are levels of education

— Digital ecosystem and education are factors of public policies.

4.3 Pre-conceptual Schema Development

In this phase, we use the symbols of the pre-conceptual schema (Sect. 2.2), and
the information gathered in the previous phases for graphically summarizing the
information. Some words are directly used from Table 1, and other ones are related
to the terminology unification we perform in the previous phase (terms in yellow
in the pre-conceptual schema). Structural relationships “has” and “is” are added as
needed. Some other words are added for completing the sense of the schema (terms
in blue in the pre-conceptual schema); we extract such words from the documents
as follows:

Improving quality comes from “improving educational quality is a necessary
condition to raise school attendance” (Delprato & Akyeampong, 2019, p. 3)
Narrowing learning gap comes from “in other countries specific school policies
can narrow the learning gap” (Delprato & Akyeampong, 2019, p. 14)
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Table 1 Single words and frequency in the corpus

Word Freq Word Freq Word Freq
Education(al) 631 Teaching 108 Score 69
Latin 528 Services 102 Math 68
Student(s) 444 Model 102 Parental 68
America 371 Missing 101 Argentina 68
Public 347 Institutions 101 Panel 68
Countries 319 Affairs 100 Reading 67
Data 261 Academic 94 Levels 67
University(ies) 255 Policy 92 Effect 66
Learning 211 Private 91 Parents 66
Programs 193 Intergenerational 89 Colombia 66
School 193 Sample 88 Regional 65
Country 190 Support 85 Factors 65
American 185 Household 83 Significant 64
Child 174 Time 83 Institutional 64
Higher 172 Indicator 83 Performance 64
Estimates 165 International 80 Percentage 63
Mobility 165 Group 80 Groups 61
Analysis 156 Urban 79 Terms 60
Development 155 World 79 Variable 60
Level 151 Access 79 Infrastructure 59
Broadband 149 Caribbean 79 Source 59
Research 141 Chile 79 Population 56
Region 140 Labor 76 Classroom 56
Effects 135 Staff 76 Distribution 55
Need(s) 129 Policies 74 Factor 55
Economic 122 Language 74 National 55
Information 117 Brazil 73 Degree 55
Working 116 Characteristic 72 Individual 54
Digital 115 Adoption 72 Value 54
Social 112 Matching 71 Questions 53
Average 111 Impact 71 Home 52
Quality 110 Mexico 71 Internet 52
Index 110 Income 70 Ecosystem 51
Variables 109

Source The Authors
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Table 2 Pairs of words and frequency in the corpus

Words Freq | Words Freq | Words Freq
Latin America(n) | 382 Labor market 21 Work indicator 15
Public affairs 95 Work home 21 Research 15
development
Higher education | 91 Paid work 21 Classroom missing | 15
Digital ecosystem |49 Urban rural 21 School level 14
Missing data 48 Parental education 20 Private public 14
Teaching staff 45 Human capital 20 Contextual effects | 14
Intergenerational | 45 Urban 20 Index mothereduc | 14
mobility
Affairs education |45 Mobile broadband 20 Economic growth | 13
American 44 Working children 19 Parental education | 13
countries
America Caribbean | 44 Educational data 19 Location size 13
Costa Rica 40 Mothereduc indicator 19 American public 13
Child labor 35 Ecosystem development 19 Endogenous effects | 13
La services 32 Non-working 18 Demand gap 13
Math reading 31 Child work 17 Intergenerational 13
persistence
Matched sub 30 Brazil Chile 17 Student’s work 12
Needs la 29 Dominican Republic 17 Matching estimates | 12
Peer effects 27 Home unpaid 17 Education 12
institutions
Missing values 27 Head master 17 Students teaching | 12
La adoption 26 Mathematics language 17 Ideal expectations | 12
Years education 25 Public policy 17 Development 12
digital
World bank 25 American Caribbean 17 Fixed broadband 12
Significance level |25 Affairs programs 17 Digital literacy 12
Programs Latin 24 Working students 16 Educational 12
background
Public private 24 Socioeconomic 16 Supplemental 12
material
Isecf index 24 Rural urban 16 Household surveys | 12
Indicates 24 Public universities 16 Sixth grade 11
significance
Cross country 23 Macro universities 16 Impact child 11
Propensity score 23 American universities 16 Public policies 11
Work outside 23 Development index 16 Indicator work 11

(continued)
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Table 2 (continued)

Words Freq Words Freq Words Freq
Education Latin 23 Educational attainment 16 Significance levels | 11
Academic 23 Programs public 16 Tertiary education | 11
information
Learning gap 22 Effect work 15 Economic 11
development

Outside paid 22 Argentina Brazil 15 People born 11
Public 22
administration

Source The Authors

e College comes from “40% of students annually across the entire region attended
private colleges or universities” (Fischman & Ott, 2018; Gacel—Avila, 2018, p. 89)

e Accrediting academic program comes from “quality assurance systems and
program accreditation are in development in some countries” (Gacel-Avila, 2018,
p-2)

e Achieving economic growth comes from “as a consequence of the rapid economic
growth achieved in the last decade” (Katz & Callorda, 2018, p. 675)

Finally, information from Tables 2 and 3 are used for assembling noun phrases
used as concepts/notes as follows:

Digital ecosystem
Public policy
Economic growth
Latin America
Costa Rica
Dominican Republic
Teaching staff
Learning gap
Academic program.

The resulting pre-conceptual schema is proposed in Fig. 3. We can use Fig. 3 for
analyzing the information related to the documents of the corpus (Sect. 3) in terms
of the unified terminology. Such information is summarized in Table 4 by relating
the contents of Sect. 2 (column “analysis”) ordered by reference to the phrases of the
pre-conceptual schema (sets of concept-relationship-concept taken from the schema).
The resulting pre-conceptual schema from Fig. 3 is also a conceptual framework for
potentially analyzing all of the chapters of this book, since we are providing a unified
terminology related to the topics covered by the book.
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Table 3 Triplets of words and frequency in the corpus
Words Fr | Words Fr | Words Fr
Public affairs education |45 | Programs public affairs 10 | Math reading math 6
Latin America 43 | Sixth grade students 9 Reading math reading | 6
Caribbean
Latin American 34 | Higher education systems |9 Higher education Latin | 6
countries
Indicates significance 24 | Mobility Latin America 9 Lumbar interbody 6
level fusion
Education Latin 23 | Parental education 9 Mathematics language | 6
America background science
Matched sub samples 19 | Latin American programs Unctadstat las Eurostat | 6
Digital ecosystem 19 | Impact child labor Affairs program Latin | 6
development
Programs Latin 18 | Effect work learning 8 Part time students 6
America
Urban rural 18 | Argentina Brazil Chile 8 Data envelopment 6
analysis
Public affairs programs | 16 | Colombia Costa Rica 8 Envelopment analysis | 6
idea
‘Work home unpaid 15 | Minimally invasive spine 8 Coordination group 6
work
Latin American 15 | Needs la adoption 8 Chat instant messaging | 6
Universities
Latin American 15 | Ideal expectation scale 8 Search academic 6
Caribbean information
Needs la services 14 | Global innovation index 8 Third regional 5
comparative
Isecf index mothereduc | 14 | Work learning association |7 Regional comparative |5
explanatory
Work learning gap 13 | Brazil Chile Colombia 7 Comparative 5
explanatory study
Outside paid work 13 | Work outside 7 Explanatory study 5
terce
Work outside paid 13 | Errors clustered school 7 Impact work learning |5
Rural urban 13 | Clustered school level Chile Colombia costa | 5
Index mothereduc 13 | Peer effects education Middle income 5
indicator countries
Latin American public | 12 | Mothereduc indicator 7 Non-working students |5
respectively
Urban rural urban 12 | Missing data isecf Head master teacher 5
Public private public 12 | Data isecf index Socioeconomic status | 5

(continued)
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Table 3 (continued)
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Words Fr | Words Fr | Words Fr
Private public private 12 | International 7 Location size 5
telecommunications union
Propensity score 11 | Infrastructure service 7 Countries 5
matching quality abbreviations
described
Classroom missing data | 11 | Completed years education De Buenos Aires 5
Ecosystem 11 | American public affairs Economic Commission | 5
development index Latin
Child work learning 10 | Consulting university 7 Countries Latin 5
services America
Child labor learning 10 | School head master Need quality feedback |5
Higher education 10 | Quantile treatment effects Teaching staff need 5
institutions
Students teaching staff | 10 | Socioeconomic cultural 6 Latin American 5
governments
Mathematics language | 10 | Nonworking children 6 Latin American 5
sciences context
Development digital 10 | Paid work home 6 Analysis educational |5
ecosystem data
Affairs education Latin | 10
Source The Authors
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Fig. 3 Resulting pre-conceptual schemas about higher education in Latin America (Source The

Authors)
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Table 4 Analysis of the background documents based on the pre-conceptual schema

References

Phrases from the
pre-conceptual schema

Analysis

Delprato and Akyeampong
(2019)

Student has learning gap
Narrowing learning gap

Students need to improve their
skills in order to increase their
payments

Fischman and Ott (2018)

Academic program has
course

Institution has student
Accrediting academic
program

Accreditation is the way to solve
some of the problems related to
out-to-date curricula. Usually, the
groups resistant to change in
Latin American public
institutions are hidden among
students

Gacel-Avila et al. (2018)

Accrediting academic
program

The way to internationalization is
linked to accreditation of the
academic programs

Guiroy et al. (in press)

Country has digital
ecosystem
Country has education

Technology in inserted in the
digital ecosystem of the countries.
This is the linkage to education

Hilliger et al. (in press)

Institution has student
Institution has teaching
staff

Institution has academic
program

Academic program has
course

The problems are related to
different components of the
institutions (in this case human
resources)

Izaguirre and Capua (2020)

Education has level

Problems related to this level of

(secondary) education
Katz and Callorda (2018) Country has digital This is an exploration of the
ecosystem relationship between the

Country has economic
growth

Developing digital
ecosystem

Achieving economic
growth

development of the digital
ecosystem and the economic
growth

Lemaitre et al. (2018)

Region has name (Latin
America)

Region has country
Country has education
Education has level
(higher)

Country has public policy
Public policy has factor
Education is factor

There is a close relationship
between the concepts mentioned
in this paper

(continued)
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Table 4 (continued)
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References

Phrases from the
pre-conceptual schema

Analysis

Neidhofer et al. (2018)

Region has name (Latin
America)

Region has country
Country has education
Country has economic
growth

Inequality in education can be
explained by correlating the
concepts mentioned

Sanabria-Pulido et al. (2016)

Region has name (Latin
America)

Region has country
Country has education
Education has institution
Institution has affair
(public)

The comparison is performed by
using a model about public affairs
in Latin American institutions

Torres-Samuel et al. (2020)

Region has name (Latin
America)

Region has country
Country has economic
growth

Country has digital
ecosystem

Again, an exploration about the
interdependence between
economic growth and digital
ecosystem in Latin American
countries

Viloria et al. (2020)

Region has name (Latin
America)

Region has country
University is institution
Country has digital
ecosystem

Institution has student
Country has public policy
Public policy has factor
Education is factor
Digital ecosystem is factor

Analysis of the preferences of the
students linked to some elements
of the digital ecosystem

Source The Authors

5 Conclusions and Future Work

In this chapter, we proposed a terminologically unified summary about higher educa-
tion in Latin American countries and the way how it is addressed. The method for
developing such a summary started by performing a state-of-the-art review-based on
amethod for driving systematic literature reviews in software engineering. Then, we
conducted a terminology unification process by collecting a corpus with the literature
identified and performing an analysis based on the frequency of words, pairs, and
triplets of words in order to unify some of the more frequent terms. Finally, we used
the information of the previous phases for drawing the pre-conceptual schema and
completing some information based on some missing information of the schema by
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extracting some additional information from the identified literature. We also used
the pre-conceptual schema for analyzing the terminology coming from the litera-
ture identified and checking the terms can cover the information related to such
papers/chapters.

We can recognize—by using the pre-conceptual schema—digital ecosystem and
education as factors of the public policies of Latin American countries for improving
quality of higher institutions in order to develop the digital ecosystem and achieve the
economic growth of the countries. Also, we have important goals in the conceptual
framework as accrediting academic programs of the institutions for narrowing the
learning gap of the students.

We strongly recommend the readers of this book to continuously check this pre-
conceptual schema in order to understand the terminology proposed in the remaining
chapters.

Some lines of future work can be defined from this chapter:

e Including more documents to the corpus, in order to check the suitability of the
different elements.

e Increasing the number of elements in the pre-conceptual schema for gaining more
detail in the conceptual framework.

e Analyzing some other elements to bring more information to the pre-conceptual
schema. For example, some action verbs were included in the list of more frequent
words—e.g., estimates, impact, and effect—but they were not used as dynamic
relationships in the pre-conceptual schema. Some other less frequent elements
should be explored like events and specifications.
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Abstract The year 2020 has made it very clear for universities that they need to trans-
form and leverage information and communications technologies (ICTs) more than
ever. Disruptive technologies have gained relevance in every aspect of life, altering
the traditional ways for work, family and school environments. Thus, Society 5.0,
understood somewhat as the humanised focus of Industry 4.0 developments, provides
educational institutions with great new opportunities for innovation, as well as perti-
nence and quality assurance for their teaching and learning processes. This paper
describes a comparative analysis on the use of ICTs for education and adminis-
trative processes by higher education institutions in five Latin American countries:
Argentina, Brazil, Chile, Mexico and Peru. Their levels of readiness to profit from
ICTs are diagnosed, as a function of several factors, including technology infras-
tructure planning and development, digital skills, educational technology planning,
and administrative support, among others. The results allow for undertaking a gap
analysis, and a roadmap to overcome the challenges for a successful digital trans-
formation process is then laid out, as well as general recommendations for its use.
Insights obtained from this study show clearly that many realities exist, not only
between countries, but also within. The lack of infrastructure and financial resources
represents major deterrents for ICT appropriation, but it is ICT, in fact, the potential
solution for reducing digital exclusion.
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1 Introduction

Socio-educational, political, economic and technological changes are influencing
people’s lives, homes, jobs and education. The rapid technological transformations,
leading to Society 5.0, point to four key elements to help the system face the new
challenges: education, research, innovation and leadership (UNESCO, 2016). In turn,
these transformations: offer new ways of relating and communicating; impact and
lead to the construction of digital identities; provide new opportunities for innovation
and improvement of the quality of health and education systems; provide a diversity
of tools for solving problems and making decisions; give the possibility of generating
new jobs or reinventing oneself; and acquire skills aligned with current demands and
purposes, among others. But they can also unbalance and highlight their limitations,
difficulties and lack of work—life balance, encourage their abusive use and generate
new social and digital divides as evidenced by COVID-19 (OECD, 2019a, 2020).

The disruption of technologies in organisations points to the need for a digital
transformation that leads to new challenges, contributes to their governance and
functioning, strengthens their social relationship, responds to the demands of the
moment, and promotes digital policies and agendas linked to society in general, and
to education systems in particular (Baker, 2014; Ithurburu, 2019).

Events happening in the year 2020 have highlighted the importance of investing
in technologies, and implementing policies and practices lead to innovation and
redesign of National Development Plans (NDP) and education plans to be in line
with the digital strategies and agendas of Latin American countries (OECD et al.,
2020).

Throughout this process, universities have played and will continue to play an
important role, not only in the promotion of knowledge, the acquisition of skills
and the development of innovation, but also in the digital transformation. Higher
education institutions, the Universities 4.0, have to commit themselves and connect
with their diverse ecosystems (Barnett, 2017), reinventing themselves to respond
to the new economies, trends, demands and commitments of a globalised society
(Dewar, 2017).

Under this scenario, our objective is to describe, analyse and compare the use of
technologies and academic administration processes in higher education institutions
in five Latin American countries, in order to shed light on the different factors that
influence the choice, availability and use of technologies, identifying where they
stand and drawing a roadmap to reach education 5.0.

2 Digital Transformation: From the Industrial Revolution
to Society 5.0

Technological advances (artificial intelligence, robotics, extended reality, the Internet
of things, cloud computing, open educational resources, etc.) are transforming the
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various contexts (family, social, political, economic and educational) and scenarios
(growth, limitation, collapse and transformation) through which we move and prepare
for a fast-approaching scenario (Brown et al., 2020). Focusing on transformation,
such scenario implies a wide range of innovations resulting from digitisation (conver-
sion of analogue data and processes into a machine-readable format) and digitalisa-
tion (use and interconnection of digital technologies and data that lead to changes
or creation of new activities) (OECD, 2019a) which leads us to rethink public poli-
cies, strategies and practices in different countries. Also, this allows reflecting on
the importance and influence of Industry 4.0, consisting of hyperconnectivity and
cyber-physical systems that impact organisations and society (Roblek et al., 2016).

The transformation designed by the United Nations (UNESCO, 2016) implies a
change in the paradigm of sustainable development in a new industrial era driven,
in turn, by a digital revolution (OECD, 2020). The new intelligent society is char-
acterised by a change in the relationships between citizens, by extensive digital-
isation and the use of emerging technologies in order to improve productivity,
favour teaching and learning processes, increase quality in work, education and
health, promote digital skills and make society more sustainable (Garbellano, 2018;
Keidanren, 2018; Rodic, 2017). Thus, the digital transformation invites the use of
digital technologies through a process of organisational and cultural change (Almaraz
et al., 2016; Baker, 2014).

Under this perspective, higher education institutions focus their efforts on social,
organisational and technological aspects to carry out this digital transformation.
Benavides et al. (2020) present a complex radar of dimensions of the digital transfor-
mation which impacts on universities: teaching, infrastructure, curriculum, adminis-
tration, research, business processes, human resources, extension, digital transforma-
tion governance, information and marketing, which in turn combine with a diversity
of actors and methods always in accordance with the three aspects mentioned above:
social, technological and organisational. For their part, Rodriguez-Abitia, Martinez-
Pérez, Ramirez-Montoya and Lépez-Caudana (2020) identify three essential axes:
the technological, the pedagogical and the organisational, which in turn are related
to different ways of conceiving technologies: (a) technological one with information
and communication technologies (ICT); (b) pedagogical one linked to learning and
knowledge technologies (LKT); and (c) organisational one with organisational and
collaborative management technologies (OCT). The intersection of the three axes
with their respective perspectives provides a new way of visualising the use of tech-
nologies under an approach of empowerment and participation (EPT), which allows
us to face complex life situations and to develop competences that help us to success-
fully manage all the challenges that are posed by the new Society 5.0 (OECD, 2019c).
Such society that is understood as driven by data, being super-smart and focused on
individual needs and capabilities (Mavrodieva & Shaw, 2020). This is a hypercon-
nected society that requires social change, freeing itself from the underlying problems
of Society 4.0, the information society, which is the result of the fourth industrial
revolution. Society 5.0 seeks to transform organisations into super-intelligent institu-
tions by means of information and communication tools and technologies (Schwab,
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2017), and it opens up new questions, based on automation, dematerialisation, digi-
talisation, industrialisation and servitude (Salgues, 2018) that modify people’s habits,
and the economic and political patterns of the system. It also has a radical impact
on the nature of an entity, adopting four levels of digital transformation: the produc-
tive process, the action model, the domain and the cultural/organisational (Dutta &
Lanvin, 2020).

2.1 The Digital Transformation in Latin America

There is no doubt that the digital transformation brings new challenges and improves
the functioning of institutions (OECD, 2019b). For this to happen, society as such
must acquire skills in line with the vertiginous advances we are experiencing. In
this process of change, universities take on a relevant role in the training of digital
competences to draw up new scenarios and educational paradigms in relation to
current needs (L6pez et al., 2020).

The CEPAL (2018) focuses on the need for strengthening and renewing digital
strategies as a part of the digital agenda for Latin America and the Caribbean (LAC) to
favour regional collaboration and incorporate and reinforce the use ICT in education,
promoting teacher training, innovation in pedagogical models, and the creation of
open educational resources, among other actions.

This agenda, linked to the National Development Plans, is a reference for the
progress of digital policies, in order to promote the desired transformation, cooper-
ation and integration of technologies in all LAC member countries (CEPAL, 2018;
Ithurburu, 2019).

Along these lines, the OECD (2019b, 2019¢) and the OECD et al. (2020) draw
up a roadmap for the mediation of the digital transformation (Table 1):

In order to chart this route, it is important to be in line with the Network Readiness
Index model—NRI—(Dutta & Lanvin, 2020) supported by four pillars: technology,
people, governance and impact, which in turn underlies other subpillars (Fig. 1), in
order to digitally transform society, and therefore, higher education institutions.

3 Method

As aresult of the literature and reference cases review, we identified the main elements
that comprise and define the successful application of ICT, LKT and OCT in higher
education institutions, and an observation guide was created accordingly. Visits were
requested and scheduled for nine universities in five different countries in Latin
America.
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Table 1 Roadmap for the digital transformation

Dimension Action
Equip governments with better data and Al. Make the digital economy visible in
indicators for dealing with the challenges economic statistics
A2. Understand the economic impacts of digital
transformation

A3. Encourage measurement of the digital
transformation’s impacts on social goals and
people’s well-being

A4. Design new and interdisciplinary approaches
to data collection

Areas for priority attention AS5. Monitor technologies underpinning the
digital transformation, notably the Internet of
things, Al and blockchain

A6. Improve the measurement of data and data
flows

A7. Define and measure skills needs for the
digital transformation

AS8. Measure trust in online environments

A9. Establish an impact assessment framework
for digital governments

Source OECD (2019b) and OECD et al. (2020)
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Fig. 1 NRI for digital transformation (Dutta & Lanvin, 2020)

3.1 Sample of Universities

It was sought to reflect a variety of realities that are commonly found in the region, so
they were selected strategically based on size, funding source, vocation and location.
First, sizes were classified based on the official categorisation from the Ministry
of Education of Mexico (SEP-DGPPEE, 2018) mainly as a reference. This cate-
gorisation includes four types, according to student enrolment: (1) mega universities
with more than 50 thousand students; (2) large universities whose student population
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Table 2 Universities in the sample

Institution code Location Size Funding Vocation
AR-PU-MG La Plata, Argentina Mega Public General
AR-PU-SM Buenos Aires, Argentina Small Public Specialised
BR-PU-MG Sao Paulo, Brazil Mega Public General
BR-PR-LG Lapa, Brazil Large Private General
CL-PU-LG Concepcién, Chile Large Public General
CL-PR-LG Antofagasta, Chile Large Private General
MX-PU-MG Guadalajara, Mexico Mega Public General
MX-PR-LG Guadalajara, Mexico Large Private General
PE-PR-ME Lima, Peru Medium Private Specialised

ranges between 10 and 50 thousand; (3) medium universities with between 5 and
10 thousand students; and (4) small universities with a student body smaller than 5
thousand in total.

Additionally, the selection included also both public and private universities,
understanding that they face very different conditions in Latin America, due to the
great dependence that public universities have on assigned budget, and the private
ones on enrolment to have financial income to operate.

Another important classification item was vocation, distinguishing between
universities that offer a wide spectrum of majors, as opposed to those that specialise
in a particular discipline, such as business or education.

Finally, all universities were located in countries that constitute leading economies
in the region, so that fare comparisons could be made to those in fully developed
nations. The distribution of the universities in the study is detailed in Table 2. The
names of the universities have been removed for privacy purposes. Names have been
replaced with codes that include two characters that identify the country where they
are located (AR for Argentina, BR for Brazil, CL for Chile, MX for Mexico and
PE for Peru), followed by two characters that indicate the source of funding (PU for
public and PR for private) and two characters that refer to size (MG for mega, LG
for large, ME for medium and SM for small).

3.2 Field Observations and Visits

Visits were arranged with the authorities of the sample universities, and they were
planned to include in-depth interviews with people in at least three key functions: the
person responsible for ICT infrastructure provision and planning, the person in charge
of curricular development and educational model definition, and professors. The
visits included direct observations of different facilities that were directly involved in
the application of technologies for both administrative and educational delivery, and
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support processes. All interviews were recorded, and later codified and interpreted
by the research team.

All visits were done face to face, as there were undertaken before the COVID-19
pandemic forced universities to close their facilities. A full day was dedicated to each
visit. Follow up e-mails, telephone calls or videoconferencing sessions were used
to clarify post-visit doubts that may have emerged during the analysis of the data
collected.

The semi-structured interview guides included twenty-nine open questions that
were classified in five categories: (1) five questions about university political commit-
ment to technology appropriation; (2) five questions on ICT infrastructure; (3) ten
questions about faculty digital an informational skills development; (4) five questions
of ICT curricular integration and access; and (5) four questions related to ICT-based
educational resources use in the teaching and learning process.

3.3 Maturity Level Determination

From the interviews, data was coded based on how the content related to specific
elements in a rubric that was created to reflect the level of maturity of a particular
institution in each one of the three technological dimensions. Thus, scores were
assigned as a result of group discussions by the research team, and decisions were
made to determine where each institution was placed in terms of maturity. The
levels included in the rubric were five: absent, incipient, medium, integrated and
consolidated. Each level was described in detail in the rubric in terms of what elements
were expected to be observed for each level and dimension intersection. A summary
is described below. As opposed to other maturity models where the lowest value
determines the assigned level, decimal points were used to show partial progress
within each level. From the rubric, we performed gap analysis for each institution
regarding each dimension. Thus, their particular diagnosis could be obtained, and
it was easy to determine the steps that they required to increase their digitalisation
level in all dimensions. Finally, a general roadmap for digital transformation of
higher education institutions was drawn to serve as a reference model for planning
and following up of universities in their own processes.
The maturity levels are integrated as described below:

3.3.1 Absent

At this level, there is no ICT plan and no mention of it in the institutional one. There
is a lack of a dedicated unit for ICT implementation and support, and only individual
independent efforts may be present. There are no computers provided for faculty
and students, no Internet connection and no software acquisition program. There
are no units or efforts to build digital skills in professors and students. There is no
institutional effort to incorporate LKTs in the teaching process, no online courses
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and no digital repositories. Digital resources are not being produced in an organised
manner. There are no OCTs that promote interaction, collaboration and academic
management. There is no specialised software.

3.3.2 Incipient

There is now mention of ICT in the institutional plan, but they do not have a plan
of their own. Financial resources are seldom allotted to achieve the goals, or they
are insufficient. There is some minimum infrastructure available in some areas, and
they are normally dedicated to administrative tasks. There might be some loose
computer laboratories in place, but their software might not be all legal. There are
some courses offered to faculty members about basic ICTs, geared towards operation
and no mention of LKTs. The offer is irregular, and it is based on demand. Software
is mostly for personal productivity. There are still no online courses, and some basic
ICT courses are offered in some majors. Some software tools for basic managerial
tasks are in place. In advanced courses, some specialised software can be found.

3.3.3 Medium

There is mention and resources allocated for ICT projects in the institutional plan.
There is now a unit dedicated to ICT support. There are computers and some services
available for students. Internet access is sufficient in the main areas, but the coverage is
not exhaustive. There is a constant training offer of ICT courses for faculty. Professors
have the obligation of getting a certain number of training hours, but the type of
courses are their choice. Most majors have a basic computing course, and some
have specialised courses. There are learning management systems (LMS) available,
but not widely used. There are digital libraries, and specialised software, mainly for
majors related to science and technology. There is some degree of digital educational
resources, but they are mainly stored in closed course platforms.

3.3.4 Integrated

ICT is included in the institutional plan, and it has a plan of its own. There is an
ICT unit that provides support and creates norms. Computers and connectivity are
available enough to cover the needs of the community. Software is legal, and there
are many agreements with vendors. Courses for faculty are planned based on the
existing educational model. Professors are given incentives to take them and apply
them to their teaching practice. There is personalised follow-up, and they are encour-
aged to create educational resources. All majors have ICT courses that are geared
towards their disciplinary particularities. All subjects for students include the use
of technologies. There are standardised educational platforms, and they are widely
used. Digital skills are measured for students and faculty, and plans are established
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to develop them. There are institutional mechanisms to develop educational digital
resources, and financial stimuli for implementing technological and didactic inno-
vations in the classroom. There are many repositories and libraries. Most classes are
supported in LMS, and they are integrated with management systems.

3.3.5 Consolidated

The use of ICT is a pillar for attaining the academic and administrative goals laid
out in the institutional plan. ICT infrastructure is present in all university facili-
ties. Connectivity is vast, and there are equipment loan services. Classrooms are also
equipped to make the most from the use of LKTs. ICTs are centrally governed. Profes-
sors have incorporated technology regularly in their classes, and students have the
necessary digital skills to aid in their academic performance. Training is focused on
educational innovation and specialised tools. ICTs are used intensively in all courses,
according to their disciplinary nature. Technology use is transversal in the curriculum.
There is multimodality in the course offering. Digital repositories and libraries are
used greatly, as well as LKTs available for each knowledge area. Developing digital
educational resources and storing them in open repositories is a widespread and
robust practice. There are established mechanisms to provide technological support
to professors, and they feel comfortable using them. The administration uses learning
analytics, facilitated by integrated technological tools. Students are free to choose
the preferred modality, always aligned to the educational model.

3.4 Drafting the Digital Transformation Roadmap

Based on the previous maturity levels, a roadmap of actions for a digital transforma-
tion transition process can be laid out, as shown in Fig. 2.

4 Results and Discussion

From the data gathered, it was possible to obtain a general panorama of the status of
application and vision of technology for each one of the institutions. Later on, scores
were provided based on the rubric that was built for that purpose, to determine where
they stand in the digital transformation process. We now present an overview of the
nine universities by country. These results by no means represent the overall state of
affairs of digital transformation for universities in each country. Instead, our aim is
to provide a general overview of the Latin American region, as a whole, particularly
in countries with certain level of economic leadership within it.
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Fig. 2 A roadmap for digital transformation of higher education institutions

4.1 Argentina

The two universities chosen for this South American country are very different in
everything but the fact that they are public. One of them is a mega-sized institution
with a very wide curricular offer, and a much larger budget than the other, which
is small and very specialised in the field of education. The governmental structure
of Argentina seems very complex, causing many incentives to be hard to benefit
from, in order to build a suitable technology infrastructure. Additionally, the society
composition is very polarised, creating great challenges for the institutions to face.

4.1.1 Argentinian Mega-Size Public University (AR-PU-MG)

This university has over 130 thousand students, attending one of more than 100
programs offered. Its development plan mentions the use of ICTs for learning, but
this is not made explicit into a particular policy. Support for the use of Moodle as
the main LMS is provided, as they prefer the use of open software for ideological
reasons. The infrastructure depends on the resources available by each school or
faculty independently, so it varies greatly from one to the next. Academic units
related to science and engineering are naturals to give higher priority to technology
infrastructure than those of humanities and social sciences. This is true both for
network connectivity and computing devices.



A Roadmap for Digital Transformation of Latin ... 29

The area in charge of distance education is also responsible for forming digital
skills in faculty members that work in face-to-face programmes. However, this forma-
tion is merely volunteer and depends entirely on the demand originated by the profes-
sors. They are making efforts to transit to a blended-learning model, not without a
great deal of resistance from traditional faculty members. There are virtual spaces
and repositories for educational resources. These are validated before publishing.
However, there is a great deal of resistance to share resources by the faculty.

4.1.2 Argentinian Small-Size Public University (AR-PU-SM)

This 2-thousand student institution is dedicated to form educators for different levels.
It is not strictly considered a university, but it has the same level. Their planning
process is not strategically made by the school, but rather at a City and National
Government level initiatives, and it includes the appropriation of ICT. However, at
times these programs compete with each other, creating barriers for successful imple-
mentation, in addition to union-related challenges. Thus, both plans had computer
provision programs for students and faculty, leading students to get two different
computers, but insufficient Internet access or wireless connectivity available in only
a few areas. Also, the curriculum was not designed for the inclusion of technologies
yet, despite having some initial work done in that regard.

They have a commercial LMS paid by the federal government. The director
promotes the adoption of technologies like Google Classroom but the faculty is
not excited about the idea of changing their ways of teaching. Training is provided
by the Ministry of Education, particularly on the didactic use of ICTs, with little
effect on the actual teaching practice. They lack an effective use of collaboration
tools and digital resources repositories, although it is encouraged.

4.2 Brazil

The institutions in Brazil were chosen to reflect two very different scenarios. On
the one hand, one of the best ranked universities in Latin America, with a very
large student population and very research intensive. On the other hand, a large
private institution (not officially consider university by the Brazilian legislation, but
recognised as a higher education faculty) that only offers online distance education,
and very widely spread all over Brazil, reaching areas that otherwise would not have
access to higher education options.

4.2.1 Brazilian Mega-Size Public University (BR-PU-MG)

This university is one of the most prestigious in Brazil and Latin America. It has
almost 100 thousand students, a third of which are at the graduate level. Their budget
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has been guaranteed by a provision in law that binds a certain percentage of the
tax collection to it, so the university is not so vulnerable to government changes in
priorities. Some ICT services are centralised, while other depend on each faculty or
school. There are laboratories and computer loans in every academic unit. They take
advantage of free software tools in cloud computing schemes. They encourage the
use of Google and Moodle.

Faculty training varies considerably, and it depends entirely on each academic
unit. There is not a program at the institutional level. Professors produce their own
content. When there is a special project, professional video production is provided.
They believe distance education should be strongly based on classes on videos.
They are freely available in the university portal and in YouTube. There are certain
administrative systems that are centralised, like payroll and registration. However,
there are no specific collaboration tools at a central level.

4.2.2 Brazilian Large-Size Private University (BR-PR-LG)

This educational institution is a private online system that serves over 35 thousand
students, and it is distributed in 134 sites, all over Brazil, where students can also do
face-to-face activities like exams and final project defences. Their business model
is based on local alliances and partnerships. Being almost fully online, technology
planning is a fundamental part of their strategy. All sites have computer laboratories
and are connected to Internet. Digital educational resources are placed within courses
in Moodle, and they are stored both in their data centre and in the cloud. They provide
all necessary software to their students.

Faculty training is centralised, and it starts upon hiring. Depending on the degree
of the professor, they can become content producers, and they may be in charge of
recording classes, in short videos, for the use of the whole academic community.
This role will require extra training. Courses are departmental, and they are created
with the help of a production team that includes graphic designers and education
specialists.

They have an integrated administration system that is also linked to their academic
control and delivery systems, as well as an Intranet and a pedagogic system. The
communications and information flows are very well designed and supported. They
do not use all the LKTs available since their business model does not require it.

4.3 Chile

The two universities included in the study are very similar in size and vocation. They
are geographically distant, and one is public and the other one private. They both enjoy
a very good reputation and are considered research intensive. The main difference is
probably in the economic level of their students, posing specific challenges for the
public one.
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4.3.1 Chilean Large-Size Private University (CL-PR-LG)

This 12-thousand student university in Northern Chile considers technology appro-
priation as one of any generic competences that their students need to develop.
They have a centre in charge of promoting educational innovation and technological
support to the educational process. General productivity software tasks are performed
in the students’ own devices, and they do not provide computer loans. They, however,
have specialised software and laboratories to aid many disciplinary areas with top
technology, greatly based on alliances with vendors. Network access and availability
is quite satisfactory.

They provide training and mentoring for faculty members to appropriate tech-
nology and facilitate the learning and teaching processes, as well as to success-
fully apply their competence-based curricular design. Nonetheless, this service is
completely based on demand, and it is not mandatory for faculty members to engage
in this activity. In fact, there are no extra stimuli to do so, therefore limiting their
participation. The main base technology for interaction and collaboration is the virtual
spaces in an LMS. There are no repositories for digital resources or any other type
of community-building support.

4.3.2 Chilean Large-Size Public University (CL-PU-LG)

Just like its private counterpart, this university serves around 12 thousand students.
However, these students do not necessarily have their own computing devices or
Internet access at home, so they provide laptop loans, and access to computer labo-
ratories, with both general and specialised software. The university does not have an
explicit mention of technology in its educational model, although it refers to serving
a changing and challenging society. Wireless network access seems to be enough for
the needs of the academic community, at least in the main building areas.

There is not a specific organisational area to provide pedagogic and technological
support for faculty members to innovate in their teaching tasks. The curriculum
includes technology courses, varying greatly to accommodate disciplinary needs.
They build their own administrative systems, and they are very well integrated with
the academic platforms, including Moodle and G-Suite. They do not have a repository
for digital education resources, but collaboration is highly encouraged to produce
them.

4.4 Mexico

Both universities in Mexico are in the same city, which is the second largest in the
country. It is an area with a reasonably high level of development compared to other
regions in the country. Thus, it is expected that they will somehow reflect the highest
quartile of the universities in the nation with regard to advancement in the digital
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transformation process. Any challenges they face must be greater in less developed
areas.

4.4.1 Mexican Mega-Size Public University (MX-PU-MG)

This university is one of the largest in the country, with more than 270 thousand
students in different levels. It is also very highly recognised, and it is organised
in 15 university centres, depending on discipline or region in the state. ICTs are
mentioned in the university’s development plan as a means for managing informa-
tion and learn online. Certain norms and policies are issued and enforced centrally
through a university-wide ICT function organisational unit. They provide computing
infrastructure through 288 computer centres with more than 60 thousand computers.
They, however, lack loan services for devices to be borrowed by the students. Most
of the areas are connected to the university network directly, and in few cases, they
hire an external carrier. Nonetheless, the bandwidth is insufficient at peak times, due
to the large amount of concurrent users that need this service.

There is availability for providing virtual spaces in learning management systemes,
Moodle being the official one, to those professors who request it. They offer face-
to-face and virtual programmes, but they rarely mix. There is a centralised training
effort for faculty to build digital skills, foster educational innovation, learn specific
LKTs, and discipline-specific technologies.

Finally, there is an integrated academic system. The university provides help to
faculty members who wish to develop digital educational resources, and there are
well consolidated repositories. There are no specific collaboration systems in place.

4.4.2 Mexican Large-Size Private University (MX-PR-LG)

This 13-thousand student university is very well covered regarding ICT infrastruc-
ture. Technology plays a very important role in the strategic plan of the institution, as
a means for educational process transformation with a student-centred model. Even
though they do not provide device loan services, students use their own, and there is
plenty of computers available in laboratories. The use of blended-learning models is
widespread, aiming at maturing into the creation of learning communities online.

Faculty training is expected to be self-directed. However, they have a centre for
online learning where they can access several courses to improve and innovate the
teaching process. The use of technology in class is made in a tacit manner, assuming
everyone has digital skills.

For LMS, they use both WebCT and Moodle. There is a continuous collabora-
tion with technology vendors, and they tend to create virtual communities to foster
collaboration between faculty and students.
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4.5 Peru

For the Peruvian case, we chose a private university, with very good reputation, and
specialised in the Business areas. There is no choice of public universities in Peru,
and that is a limitation, though it is expected that they will have a performance similar
to their counterparts in other countries in the region.

4.5.1 Peruvian Medium-Size Private University (PE-PR-ME)

This university started as a Business Graduate School. Even when it has expanded
to offer undergraduate programmes, its main core is still the graduate level. It serves
close to 8 thousand students, and it has its main campus in Lima, and some continuing
education and extension sites in other cities in Peru.

Computing and telecommunications infrastructure is deemed sufficient, though
it can always be improved. The use of virtual technologies is more appropriated for
continuing education classes. Graduate programmes professors are more resistant to
change, but this is likely changing greatly due to the COVID-19 pandemic. In contin-
uing education, faculty training is constant, and they climb levels of accreditation.
There are also workshops and incentives for content creation, though the resources
created are rarely shared, but rather used in the classes of the author. Training for
traditional courses is not continuous, and it needs to be reinforced.

They use Blackboard and Moodle for different modalities of their education,
but they are currently migrating from the former to Zoom. It is estimated that
90% of the interaction between students and faculty occurs with the use of these
technologies, and some additional support ones. They combine virtual and face-to-
face options, allowing for flexibility in a complex metropolitan environment. All
administrative systems are centralised, and they are now implementing an integrated
system. All courses are automatically created in Moodle. These are connected to the
administrative systems, and much of the resources reside in the cloud.

The results from the different countries and the overall regional gap analysis are
depicted in Fig. 3.

5 Conclusion

Transiting towards a successful digital transformation seems to be a straightforward
but not easy enterprise. Institutions in Latin America, particularly the public ones,
have to strive for an effective technology use to help them provide quality educa-
tion, while dealing with high uncertainty levels, volatile environments, and complex
bureaucratic systems.

The situation observed in all private institutions seems to be quite similar, regard-
less of the country. This may mainly be because of the high economic level of their
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Fig. 3 Gap analysis by country, and overall results

student population, which makes things easier on the institution, not having to worry
about digital exclusion circumstances as much as their public counterparts. For them,
it is a priority to build a good branding through the effective use of technological
resources. In Chile, the difference between public and private institution is not as
notorious, provided that they are both eligible for governmental founding.

Mega universities with great budgets are more prone to have a higher level of
digital transformation maturity, but they face a great problem for providing full
coverage to their extremely large populations.

There is a hint of correlation between the levels of digital transformation maturity
of the Latin American universities with the position where their respective countries
rank in the NRI. This index shows interesting information about the different factors
that affect the quality of education and the ability of these countries to meet the SDG
set by UNESCO (2016).

The universities treated in this study are considered, for the most part, to be on the
high rank compared to the others in their own nation. Therefore, all aspects reviewed
here could be expected to be lower for the overall universe of institutions.

The roadmap for digital transformation proposed can serve as a good starting
point to diagnose the current status of an institution and provide the steps that need
to be followed to move towards a successful digital maturity level.

Further analysis is in order to include institutions in less-advantaged economies,
where inequalities are steeper, and challenges must be greater.

Only through a well-planned innovation and digitalisation strategy, that can over-
come severe structural and bureaucratic barriers, institutions in Latin America will
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be able to leverage and profit from an intelligent technology use that guides them to
provide the quality and pertinent education that the region so desperately needs to
foster development.

After this brief X-ray, one of the key ideas emerging from this whole panorama of
Latin America in terms of digital transformation is the importance, as dictated by the
OECD (2019a, 2019b, 2019c, 2020), of designing and implementing public policies
in accordance with good strategic planning and in line with National Development
Plans (NDPs) and digital agendas.

Thus, the fourth industrial revolution is taking us to the foundations of Society
5.0. Despite the technological advances in the lives of individuals and societies,
and the substantial changes in LAC, there are still major deficiencies related to
Internet access, affordability, organisational infrastructures, skills acquisition and
digital training. Hence, the importance of carefully and consciously drawing up the
roadmap for digital transformation in society and in the universities.
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Virtual Education in CEIPA: New )
Educational Paradigm at the Beginning L
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Martin Dario Arango Serna, and Diego Mauricio Mazo Cuervo

Abstract The CEIPA Business School is a Colombian higher education institution,
characterized by providing different education models in the country since its incep-
tion. For this reason, CEIPA became the first university institution that created and
offered virtual programs in the City of Medellin, and today, it has the largest ratio
of the number of high-quality virtual programs in the country. From its first steps
in virtual education, since 1996, CEIPA recognized the importance of developing
together the virtual education and its own pedagogical model based on problem
solving, which allow achieving the learning objectives of its students, understanding
the educational process as a whole, in which didactics and teaching methodology
cannot be separated. This chapter is aimed to show the case study of CEIPA in the
transformation of its graduate and postgraduate programs into digital environments,
which shows the changes that were necessary to develop in its academic and adminis-
trative process to respond to this new education model, which was a pioneer not only
inits beginnings but also in times of the COVID-19 pandemic, spotlighting its success
and positioning CEIPA as a leading institution in high educational Colombian”s
sector.
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1 Introduction

Universities in Latin American face great challenges related with the pressure of
adopt new information technology (IT) (Hernandez et al., 2015) that, as an expression
of the knowledge society (Tiinnermann & De Souza, 2003), they impose dramatic
changes on those educational institutions that remain adopting traditional paradigms
related to presence, knowledge petrification, dependence on the teacher’s discourse,
absence of autonomous and independent work on the part of the student (Bialakowsky
et al., 2012), which are characteristic aspects of the imaginary of classical Greece
such as the paideia (Garcia, 2013), the Stoa and the academy (Ledn, 2008), as well
as the focus of the magister Dixit and its role in indoctrination (Sanz, 2009), the
medieval monastic and cathedral approach (Pulido, 2018) and the university models
that emerged in Germany, France, England and North America (Borrero Cabel, 2008),
in which an elitist sense of superior education prevails a reflection of the social
pyramid of knowledge (Jaramillo, 2011).

In Latin America, higher education is a public asset of a social nature, a human
and universal right and a duty of the states that leads to the conviction that the
access, use and democratization of knowledge are a social, collective and strategic
asset, generator of quality of life, full citizenship, social emancipation and regional
integration (UNESCO, 2018). In this regard, virtual education is a powerful tool to
achieve higher levels of coverage, inclusion and interaction leading to social and
active learning experiences based on innovation (Gregory et al., 2016). It is also
a means for the university to extend its actions to regions where it is not possible
to access in the classroom mode. In other words, universities must face challenges
and barriers to carry out the transformations that allow moving them into the virtual
world (Morrison-Smith & Ruiz, 2020).

Virtual education and specifically distance learning (online) has been established
in the agendas of public policy in the Latin American region as a strategy for closing
the digital gap with the developed world, achieving acceptance in many work envi-
ronments, mainly in the government, the high-tech segments and the academic world
(Patru & Khvilon, 2002), boosting gender equality (ECLAC, 2017) and opportunities
(Rodriguez & Ana, 2014). In addition, information and communication technology
has made it possible to rethink higher education from the perspective of contributing
to the reduction of social inequality indicators (Kromydas, 2017).

The COVID-19 pandemic accelerated a latent process of university transforma-
tion; indeed, remote education has allowed these organizations to remain active in
times of crisis and uncertainty (Bozkurt, 2020); this conjuncture forced an expected
reengineering, since the pandemic affected and continue affecting all actors in the
educational process: for students the disappearance of the face-to-face relationship;
for teachers the challenges of IT in their traditional teaching practice; for service
personnel the imminent reduction of jobs; for administrative personnel the chal-
lenges of organizational-financial viability and the provision of resources (IESALC-
UNESCO, 2020). However, this problematic situation has become an opportunity
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for universities, as this accelerated transformation is allowing them to adjust its func-
tioning to the trends in demand for education in one of the most unequal regions of
the world (Mitchell, 2020).

This chapter presents the case of the digital transformation of the education process
in CEIPA Business School, as a proof of the importance of a future vision and an
organizational design resulted of the time anticipation (Godet & Durance, 2011).
Its founder, Antonio Mazo Mejia, in one of his books, refers to the educational
model of CEIPA from the perspective of building future (Mazo, 2013) and set up a
pedagogical model oriented to the new realities of higher education more than two
decades before the public policy of virtual educational in Colombia (CEIPA Business
School, 2020a, 2020b). This has allowed CEIPA to be a pioneer in the Antioquia
region and in Colombia in terms of high-quality accredited virtual programs.

This chapter is structured in five sections: The first one presents the methodology
used to develop the case study, followed by the theoretical framework related to virtual
education in the context of higher education, which is necessary to demonstrate the
relevance of virtual education. After this, the CEIPA pedagogical processes associ-
ated with the virtual education is presented followed by the CEIPA virtual model
and the results obtained in the institution in relation to the experience of this model.
Finally, the conclusions of the case study are presented.

2 Methodology

The case study method allows to identify patterns of behavior and unique organi-
zational styles that can be referents in the context of good practices. It is a prag-
matic and flexible approach that allows a comprehensive and deep understanding
not only of issues and problems, but also of contextualized realities and phenomena
(Harrison et al., 2017). This is a research tool that allows knowing and understanding
a phenomenon from various perspectives with techniques such as triangulation to give
asense of objectivity to perception. This methodology can be understood from a qual-
itative perspective because it allows reaching broad understandings of meaningful
meanings for privileged actors and witnesses (Stewart, 2014). From a quantitative
perspective, it is also possible to develop data analysis that facilitate a systemic view
of the problem and its context (Miles et al., 2014).

In the construction of this case, which presents the digital transformation of the
educational programs of CEIPA Business School, the following methodological route
was taken into account:

e Selection of the case and definition of objectives and purposes. This case has been
selected for being the pioneer in Medellin and Colombia of virtual education and
for being the institution that has the largest number of high-quality accredited
virtual programs.

e Definition of relevant topics and aspects for the gathering of information, as well
as the definition of relevant sources of information. In this sense, aspects such
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as historical milestones of evolution, philosophy and conception of education,
pedagogical model, virtual approach, institutional performance indicators were
considered.

e Analysis and interpretation of information and generation of results. For this
step, several information sources were used which include CEIPAS databases
of students performances, the Colombian professional test (Saber Pro) statistics,
CEIPA history documents and interviews with relevant actors such a founders,
directives and staff were analyzed. The process of qualitative analysis of concep-
tual induction and identification of critical success factors of the organization is
carried out.

e Preparation of the report. A qualitative and quantitative synthesis of the informa-
tion is carried out.

3 Virtual Education in the Context of Higher Education

Information and communication technologies, as a functional productive system of
humanity, have facilitated the social dynamics of innovation (Avila, 2013), and in
this process, they have opened the way to virtualization which, understood as a wide
range of applications and implementations (Scroggins, 2017), and as one of the
characteristics of cybersociety (Bell, 1973; Joyanes, 1997; Touraine, 1976), it has
impacted one of the institutions most reluctant to change, such as the universities. At
the beginning of the twenty-first century, in the virtual campuses of universities of
the USA and the UK, there is no generic model of virtual university; however, it is
possible to identify some success factors, such as the courses taught, the nature of the
local and remote students and some institutional aspects (McConnell & Harris, 1997).
Today, in an advanced phase of the knowledge society, and thanks to technological
progress, higher education has been able to count on virtual mediation to generate
new work environments and support the task of expanding, prolonging and enhancing
the intellectual faculties of the human being as proposed by Silvio (2000) at the
beginning of this century. Indeed, thanks to this process, in high-demand contexts,
virtual education is a great alternative for non-traditional universities (Sim et al.,
2004), since through virtual education it is possible to achieve flexibility from the
perspective of the student, the teaching, management and expansion of the offer
(Sagheb-Tehrani, 2009).

The virtualization of higher education in Latin America is given by paradigmatic
convergence between the management of innovation to strengthen the institutional
framework and the ecosystem of Information and Communications Technologies to
generate futures; It allows updating educational methods and dynamizing economic
and social life beyond education (Chan Nufiez, 2016). Virtuality, first disclosed as
artificial reality (Krueger, 1970) cited by Ma and Choi (2007), is the combination of
software and hardware by developers to create devices (Riva & Mantovani, 2012)
and can be understood as a representation of the real world and its transformation
into knowledge and information devices. It is an action of participation in a synthetic
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environment (Mazuryk & Gervautz, 1999) and with possibilities of interaction, as
happens in the digital society (Lévy, 2007). In this dimension, reality is virtual,
augmented (Schnabel et al., 2014) and mixed. In these dimensions, it is possible to
experience presence and immersion in communication (Bohil et al., 2009).

Virtuality has a great scope in the transformation of human life and in general
in social practices. It has facilitated data architecture and visualization; modeling,
design and planning; training and education; telepresence and teleoperation; coop-
erative work; entertainment (Mazuryk & Gervautz, 1999); and the practices of
higher education with a high transformative impact of paradigms and models firmly
established for centuries.

Virtual environments have been established as teaching and learning spaces and
have generated learning communities to stimulate the relationships of teaching,
research, extension and administration, with networks and flows of factors and actors
at a global level (OECD, 2009). Regarding didactics, virtual education has radically
transformed practices (Hu-Au & Lee, 2018), because with the integration of IT,
access to information and evidence is faster. In addition, through artificial intelli-
gence, it allows the access to information and accelerates the learning process to use
tools and instruments more easily for all actors in the educational process. In general,
virtual education has facilitated an active education and as well as the implementa-
tion of educative models based on learning by problems and by projects (Marquez
Lépez & Jiménez Rodrigo, 2014).

4 The CEIPA’s Pedagogical Model

From its conception, the virtual educational model of CEIPA goes beyond the simple
integration of information technologies to pedagogical processes and is more about
the philosophical principles which are expected to be embraced for all the stake-
holders. This requires background elements that allows that the essence of the
educational process will continue regardless if the education process is carried out
in classrooms or virtually. For this reason, CEIPA has been one of the pioneering
educational institutions in Colombia both in the way of teaching through different
education models (CEIPA Business School, 2020a, 2020b) and in the virtualization
of its programs.

The CEIPA’s pedagogical model in its update for 2018 seeks to respond to the chal-
lenges of the twenty-first century, specifically, to the fourth technological revolution
and to the demands of the Colombian Higher Education System (CEIPA Business
School, 2020a, 2020b).

In its Institutional Educational Project, to respond to the demands of the future,
CEIPA considers as triggering factors of its transformation to the fourth techno-
logical revolution, the destruction and permanent creation of new fields of work
(jobs), the accelerated obsolescence of skills and knowledge, the new paradigms
of production, the risk of greater inequality, the overlapping of eras, the acceler-
ated degradation of the biosphere and the social sphere (CEIPA Business School,
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2018, pp. 5, 6). To respond to the normative requirements of the Colombian educa-
tion system, CEIPA tunes the design of its organizational and governance model
(CESU—Consejo Nacional de Educacién Superior, 2017) and the design of the
pedagogical model with the strategic map of Colombian higher education (CESU—
National Council of Higher Education, 2014), based on its guiding principle to give
“step and meaning to the inclusion of virtual education to organizational and personal
development, to the generation of i-Future” (CEIPA Business School, 2018, p. 7).

The principles in which the CEIPA’s pedagogical model is based on are the
following:

The beginning in the future: a strategic anticipation. Every action carried out by
CEIPA is defined by its strategy plan, which corresponds to a view to the future that
want to be achieve by the institution. This future anticipation is oriented toward a
different education that, by transcending instruction and the transmission of knowl-
edge, tends to generate “the integration theory-practice-reality in each and every one
of the educational programs”(CEIPA Business School, 2018, p. 3).

The Guiding Principle: the train as a living metaphor. This principle, which is
present and future, leads CEIPA to define itself as a company that manages “manage-
rial knowledge in classrooms and virtual environments; committed to the develop-
ment of people and the organizations, the promotion of entrepreneurship and compre-
hensive education, walking with its clients to generate i-Future. The life projects of
its members are the train, moved by fractality; the goal is personal fulfillment; the
rails are suitability and integrity, which must be flexible. It is a living metaphor by
promoting imagination, innovation and knowledge (Ricoeur, 1975).

A principle that is present and future: dynamic character of reality. It always
implies a positioning in diverse realities, which require the generation of academic
and administrative dynamics with a high capacity for response and adaptation; itis the
starting point for the institutional development and for academic and administrative
management. This is the articulating axis of the education, research and relationship
methods with the external sector (CEIPA Business School, 2018).

The blue ocean: coherence as a conviction: a commitment to innovation. This
principle generates in CEIPA the necessity of a continuous benchmark for organiza-
tional management and for the design of its education processes. This is an unavoid-
able factor characterized by its commitment to innovation and building the future.
More than competing with rivals, it is the ideation and creation of new conditions
and realities.

A different education for a new context: historical commitment. This principle
considers it necessary to articulate theory and practice, knowledge and reality, Being
and Doing. CEIPA is oriented toward learning by doing, problem-based learning,
contextual and collaborative learning.

Virtual education as a project: overcoming space—time limits. Virtual education is
a mechanism to overcome both spatial and temporal limitations, which could hinder
or limit the interaction between educational actors (students and teachers). This is a
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differentiating bet with the aim to promote and qualify the insertion of students and
teachers in a world of knowledge increasingly plural, technical, full of tools, content
and information. (CEIPA Business School, 2020a, 2020b).

Organization and management: a form of governance in creative disruption.
CEIPA bases its planning in the clarity, agility and efficiency as well as on the values
of integral development of people, through which all actors can show a high sense
commitment to high quality education with a future condition. The income statements
are a clear proof of its capacity for self-regulation and sustainable management.

5 CEIPA’s Virtual Model

The virtual education model of the CEIPA Business School is comprised of several
elements that have been developed since 1996, making it the first university institution
in Colombia to venture into this type of mediation. The CEIPA’s virtual model has
focused on asynchronous communication, allowing interaction between students,
academic staff, administrative staff through the resources available in the virtual
field of CEIPA, known as i-campus (Boada, 2016), as well as in the synchronous
interaction through chat rooms, videoconferences and chats (Boada & Cardona,
2017).

The virtual campus (i-campus) is the way by which technological tools are made
available to students and other personnel involved, but it goes beyond a simple
repository of tools; it is a work scheme and interrelation between the members of the
educational process with the materials and applications, in a context of responsible
and ethical work (Mazo, 2011). This system is the center of the virtual mediation
process and is complemented by other elements which are described below:

e I-Campus: On this platform, students and collaborators access to the available
services and applications. Through this, students and teachers access to other
applications such as Brightspace academic platform, the request module, e-
mails, virtual library, Socrates academic management software, among others.
Employees also access this platform, being able to access different applica-
tions for managing the academic and administrative process, such as Brigh-
stpace, commercial management, Socrates, administrative repository website,
improvement management system, among others.

e Brightspace Academic Platform: Through this platform, students and teachers
access to the institutional training center, from any place and device with Internet
access. The platform allows to work offline and subsequently synchronize to
update the work done and upload it to the cloud. The platform has a mobile
application, the Brightspace Pulse app, which allows students and teachers to
access the platform and be aware of important updates such as news, due dates,
grades, among others.
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e Academic and Administrative Management System—Socrates: This platform
allows the operational, administrative and academic management of the institu-
tion. In it several processes are carried out, for example the enrollment processes
of the students, the entry of grades by the teachers or the reports generation by
the managers, among many other tasks and activities.

e BAMM Virtual Library System: This is the platform that houses all the biblio-
graphic resources of the institution; it includes virtual and physical bibliographic
material and is also in charge of managing the loans and reserves of books,
magazines and other materials.

e Request Module: This is an application that allows the administration of the
requests that students can make. Any request that a student requires must be made
through this system as it is accessed through the Internet.

¢ Financial, accounting and human management applications: This applications
centralizes this managerial processes, and only people with the profiles to manage
these aspects in the institution have access.

e CEIPA Improvement Management System—SGM: This system allows the
administration of the quality management system, allowing the centralization
of the management and monitoring of preventive, corrective and improvement
actions, as well as the programming of internal audits to the institution processes.

e Microsoft Suite: With this, both students and collaborators have access to
the resourcesMicrosoft Office 365 for proper academic and administrative
performance.

e Microsoft Teams: This is part of the agreement with Microsoft and is used for
the administrative management into the institution, allowing teachers and admin-
istrators interact through the meetings and video conferences that can be carried
out in this system.

e Zoom: This application is used for synchronous sessions between students and
teachers, allowing academic communication and the development of lectures,
conversations and meetings between these actors.

e Administrative repository Web site: It is part of the i-campus and is the platform
that serves as a repository for all the institution’s information.

e In addition to these tools, the institution has other applications that allow the
improvement of administrative and academic processes, such as Respondus and
Urkund to ensure the quality of the delivery of student assignments or the KM
module that allows to do management of training processes in companies or other
institutions.

These systems and applications are interrelated in an academic and administrative
management model as presented in Fig. 1, allowing the institutional processes to
function efficiently, facing students, teachers, collaborators and academic programs
and also allowing improving the traceability of information, the interaction between
systems/applications, the systematized management of documentation, curricular
management and academic quality, among other characteristics. This figure shows
the applications that are purely academic or administrative, as well as some that serve
functions at both activities.
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Academic functions Administrative functions

Respondus and Urkund
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Finance, accounting
and human resources
applications

I-Campus

Fig. 1 CEIPA’s virtual model scheme. Source Own source

6 Results of the CEIPA’s Virtual Model

With the aim of evaluating the performance of the CEIPA’s virtual model, the infor-
mation from two sources of information is analyzed. The first comes from the quality
self-assessment developed each year, and the second the results of the state exam to
measure the competencies of the country’s students (ICFES, 2020).

Regarding the self-assessment measurements, it is necessary to first consider the
aspects of the pedagogical model that play a determining role in the quality of the
virtual model. Table 1 presents the results of the appreciation of various aspects of the
pedagogical model consulted with students, both undergraduate and postgraduate,
finding that, in all the evaluated criteria, the score was between high and very high
in more than the 90% of the consulted students, attesting to their satisfaction in the
knowledge acquired, in the appropriation and in the recognition of the usefulness,
timeliness and relevance of the pedagogical model.

In a similar way and with the aim of analyzing the degree of satisfaction of students
and teacher according to the elements of the virtual model, they were consulted about
the quality of the technological tools available in the institution for this purpose. Table
2 shows the results of the assessment on technological infrastructure and digital media
for these three types of audiences, finding that satisfaction is high or very high in
at least 89% of students, while 95% of the teachers value as very high or high the
quality of the technological tools and infrastructure they use for the development of
their teaching, research and social projection activities.



46

Table 1 Results of the evaluation of the pedagogical model

J. A. Zapata Cortés et al.

Evaluation of the institutional pedagogical model

Very high |High |Low | Verylow |NS/NR
Quality Undergraduate | 1.436 1.609 |148 |37 71
Postgraduate 193 238 18 1 11
Relevance Undergraduate | 1.371 1.694 129 |32 75
Postgraduate 192 240 17 1 11
Flexibility Undergraduate | 1.429 1.559 |200 |44 69
Postgraduate 188 240 20 2 11
Importance for Undergraduate | 1.540 1.529 | 117 |36 79
professional development Postgraduate 205 236 7 1 12

Table 2 Results of the assessment of technological infrastructure and digital media

Evaluation of the quality of the technological infrastructure and digital media for education,
research and social projection

Very high | High |Low | Verylow |NS/NR
Quality Undergraduate | 1.345 1.604 | 146 |27 179
Postgraduate 189 242 14 15
Teachers 102 74 5 0 1

Once the perception of the tools is known, it is necessary to analyze the content
hosted on the platform for the education process. For this purpose, the students were
consulted about the academic and institutional information available virtually and
about the quality of the educational media for the development of the education
processes, in different aspects as observed in Tables 3 and 4.

In Table 3, it can be seen that in all aspects at least 93% of the students consider
that the quality of the information available is high or very high in relation to its

timeliness, accessibility and relevance.

Table 3 Perception of academic and institutional information available virtually

Very Adequate | Poorly Inadequate | NS/NR
adequate adequate
Upgrade Undergraduate | 1.473 1.621 87 16 105
Postgraduate 192 241 9 1 18
Accessbility | Undergraduate | 1.462 1.616 102 20 102
Postgraduate 189 245 7 3 17
Relevance Undergraduate | 1.423 1.652 90 23 114
Postgraduate 188 250 4 1 18
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Table 4 Perception of the quality of educational media for the development of training processes

Very high |High |Low | Verylow |NS/NR
Bibliographic material Undergraduate | 1.455 1.600 |[113 |22 111
Postgraduate 190 233 11 1 26
Audiovisual media Undergraduate | 1.411 1.610 | 167 |18 95
Postgraduate 175 240 15 1 30
Digital media for virtual | Undergraduate | 1.429 1.587 | 145 |28 112
education or as support | pogroraduate | 185 234 (14 |2 26
for the face-to-face
modality
Specialized software Undergraduate | 1.301 1.598 | 186 |42 174
Postgraduate 183 223 19 2 34

Table 4 shows that at least 90% of undergraduate and postgraduate students
consider that the quality of the bibliographic material, digital media and audiovisual
media available for virtual education are of high or very high. Regarding techno-
logical tools, this perception falls to 88%, which is satisfactory, but represents an
opportunity for improvement in this aspect, and can be solved by acquiring new
specific technological tools for the programs offered by the institution.

From the above, it can be inferred that the perception of the quality of the resources
available in the institution for the virtual educational process is high. However, it is
necessary to analyze the results of the student education process through a standard
that allows evaluating the quality of virtual training processes and comparing them
with the classroom ones. For this, the analysis of the Saber-Pro tests is carried out,
which is the Colombia Quality Examination of Higher Education test, which are
applied to all students who are finishing their undergraduate studies (ICFES, 2020).
These tests are a necessary requirement imposed by the Colombian government to
obtain the professional diploma in the country. The saber Pro tests seek to measure the
competences of the students in relation to the area of knowledge studied, considering
a set of general and specific competences of the undergraduate programs (ICFES,
2020).

This exam was carried out on the students of the CEIPA programs and the infor-
mation for the generic competences evaluated from 2013 to 2016, both for the virtual
and classroom modalities, is presented in Fig. 2 (Boada et al., 2018).

In Fig. 2, it can be seen that virtual students have lower performance than class-
room students in English, while in the other competences, the results are very similar
or virtual students exceed classroom students, which allows to conclude that with
respect to the general competencies it cannot be argued that classroom or virtual
education in the institution is better than the other. However, compared to the national
average score that corresponds to the brown line located in the rating of 2.5, CEIPA
students always exceeds the national level, which shows the success of the quality
of virtual education in the institution. In relation to the specific competences for the
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undergraduate programs offered by the institution, the results of the Saber Pro tests
for the same years are presented in Fig. 3.

In Fig. 3, it can be seen that it is not possible to determine a trend that indicates
if the level of competences in virtual programs is lower or higher than the class-
room students, allowing to argue that virtual and classroom educational processes
are equally competitive, demonstrating in this way the success of the virtual educa-
tional model of CEIPA. This argumentation is solidified by the fact that, in all cases,
the value of the specific competences evaluated is always higher than the national
average, denoting once again the quality of the CEIPA virtual educational process
as a result of the pedagogical model and the virtual model developed for more than
two decades.

7 Conclusions

From the context analysis, it is possible to argue that educational institutions in Latin
America have a lag with respect to technological advances and the changes that
society itself. In this way, the virtualization of universities is a great opportunity
to align this type of institutions with the current dynamics and trends around the
world, since it allows expanding its range of action to places and media that were
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previously exclusive only to the classrooms, generating not only a greater coverage
of the institutions but also generating inclusion and relevance of their actions.

Since 1996, the CEIPA Business School anticipated a significant change in which
the education institutions needed to offer virtual programs that would allow reaching
new students located in any region and that have special times for their educa-
tion processes. In this way, the CEIPA education virtual model was born and was
not conceived solely as a technology process, but required the development of its
own pedagogical model that allowed the incursion of new technology into this new
teaching methodology.

As a result of the combination of the pedagogical and virtual models developed
by CEIPA, it was found that students and teachers are highly satisfied with the
resources and materials available in the institution for the education process, which
was evidenced in the self-evaluation surveys made by the institution. This result is
strengthened by the analysis of the competencies acquired by CEIPA undergraduate
students, which are evaluated through the Saber-pro tests, in which it was observed
that it is not possible to establish a trend that indicates that virtual students are better
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or worse than classroom students. From this result, it can be seen that both virtual and
classroom students have very similar results in terms of the acquisition of generic
and specific competences, and in both cases, they exceed the values of the national
average, demonstrating the success and quality of the virtual education model of
CEIPA.

From the experience of the CEIPA case and the analysis of the Latin American
high education context, it is clear that the academic institutions require a digital
transformation that allow to respond to the new challenges and changes faced by the
world, looking for closing the gaps between new necessities and old academic offers
in the region.

As possible future works derived from this case study, this analysis can be comple-
mented with information obtained from CEIPA graduated professionals who are
currently holding positions in companies, with the aim of obtaining a more complete
appreciation of their performance in the business environment. Furthermore, from
this analysis, it is possible to determine new tools and information technologies that
can strengthen the study programs, both at the undergraduate and at the postgraduate
levels.
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Abstract The information society is characterized by the information data conver-
sion and the information in knowledge to support the decision making and the human
development. In this sense, the digital transformation implies not only the use of
technology to store data, but also a change of processes and organizational culture,
allowing the entry of knowledge management into the new economy of the intangi-
bles. This transformation has changed the game rules of socio-technical systems of
organizations and their interrelationships, impacting different components of orga-
nizations. Advance in adapting the transformation in organizations has not been
symmetrical in all sectors and regions of the world. Previous research shows that in
education in Latin America the degree of incorporation has been less than in other
economic sectors and zones of the world. That is why, the objective of study is the
identification and analysis of the progress achieved by the Higher Education Institu-
tions (HEISs) of the region, concerning digital transformation of their academic and
management processes, besides recognizing their opportunities and challenges in the
context of the Fourth Industrial Revolution. The methodology includes a qualitative
approach. To collect the information, the document analysis technique is used, and
the main factor is the searching through reference database and complete text. Data
analysis is made in accordance with the pillars of the Fourth Industrial Revolution,
central and management, digital transformation enablers of missionary, and support
processes of the HEIs. The results show that, while it is true that the HEIs in Latin
America lag behind their peers in other countries, it is found that, from 2018, the
progress on the digital transformation of processes of the HEIs in Latin America
has been very significant. The main impact is given in the incorporation of pillars of
industry 4.0 in: graduation, using blockchain; teaching, collaborative virtual reality;
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artificial intelligence to assist students; university management, through virtual assis-
tants; and research supported by robotic. Improvement of cyber-physical and big data
systems is not evident. It is concluded that digital transformation of the HEIs in Latin
America is in the phase of early adoption, with some successful cases of the main
reference HEIs, top-ranked in the academic ranking of the region, which will prob-
ably be imitated by other HEIs. The main challenges for the digital transformation of
the HEIs in Latin America are related to culture, resistance to change, the hierarchical
government, and the understanding that information is the key asset of the knowledge
society. A new opportunity emerges for the digital transformation of HEIs in Latin
America and for the researchers of the topic.

Keywords Digital transformation - Higher Education Institutions (HEIs) - Industry
4.0 - Latin American HEIs - Management in HEIs - Socio-technical system in HEIs

1 Introduction

The digital transformation (DT) is the organizational alignment between processes,
people, and technology with the aim of complying efficiently with all the relevant
activities of the company, to satisfy the needs and expectations of interested public
around the Industry 4.0. The DT goes beyond the digitalization of process, and it
is a deep transformation of the organization activities, processes, competences, and
patterns to face challenges and take advantage of the emerging technology opportu-
nities and its accelerated impact on society (Gobble, 2018). The DT includes people,
processes, strategies, structures, and competitive dynamics (Wade, 2019).

The DT’s scope comprises all sectors of society and therefore includes the Higher
Education Institutions. In Latin America, there are 4.065 universities (Webometrics,
2020), and there is enough evidence of contributions they make to human, social
and economic development of people and regions. For example, in the economical
aspect, an exercise that modeled the impact of education in fifty countries between
1960 and 2000 found that one additional year of education could increase the income
of a person in about 10% and the annual average gross domestic product (GDP) in
about 0.37% (Hanushek, 2008).

The purpose of this research is to identify the progress, opportunities, and chal-
lenges in the digital transformation of the Higher Education Institutions (HEIs) in
Latin America.

The document is organized as follows: preliminarily, the methodology, socio-
technical system of the digital transformation, and the digital transformation in the
management of the HEIs in Latin America; then, the management of universities in
Latin America, the organizational structures, and the digital transformation in the
HEIs; and finally, the digital transformation in the management of universities in
Latin America and the technological dimension of digital transformation.
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2 Methodology

This study applies a qualitative approach For the selection criteria of cases, it was
considered that the HEIs were recognized or ranked in the first places of QS universi-
ties of Latin America. To access documents and relevant information, for the research,
it mainly used the referential Scopus database, since it is one of the most recognized
platforms of scientific information worldwide. The searching was done in English
since it is the language in which most publications are found and with the aim of
reducing bias. Following is the search equation:

TITLE-ABS-KEY (digital AND transformation AND in AND Latin AND
America AND universities).

Countries and universities that have done most of research in digital transformation
are shown in Tables 1 and 2, respectively (DT = digital transformation and HEIs =
Higher Education Institutions).

3 Socio-technical System of Digital Transformation

The university is a social artifact which is introducing digital innovations in the
market, as well as in the academy and in research, and therefore, it drives the tech-
nological and social change with its implications. In this chapter, the relationship of
the technical sub-system in interaction with the social sub-system is considered. The

Table 1 Research by countries
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Table 2 Relationship of HEI that have done most of the research on DT
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conceptual socio-technical pattern with the technical and social dimensions is found
in mutual interaction.

It is assumed that there are agreements between the parties involved for the achievement of
their interests, which are represented in the different work structures and systems, necessary
for the management of the organization, which are generally based on technological tools.
Within the Organizational Technological System, the concepts of Core Technologies and
Management Technologies are displaced, intended to serve as shock absorbers to prevent
Core Technologies from being affected by contextual situations. (Diaz, 2020)

There is a reciprocal influence between the transformation and the organizational
culture. From one side, it implies changes in the organizational structures that makes
its culture to be impacted; in some cases, some people are empowered in the company;
in other cases, they are disempowered due to the digital transformation. On the other
hand, the organization’s culture may cause that the resistance groups that emerge
facing innovation, whether they are small or big, join the company in a normal or
conflicting manner, because of the digital transformation.

3.1 The Unipversity as a Socio-technical System

The Tavistock Institute developed a research action project, related to the spreading
of its work practices which produced an increase in productivity. This work was
assigned the concept of “socio-technical approach” referring to the new paradigm of
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organizational work, by which it becomes necessary to find a new balance between
requirements of the social and technical systems (Trist et al., 1963).

3.2 Organizations as Socio-technical Systems

According to the concept of a socio-technical system, organizations can be char-
acterized from the existence of two large dimensions: the technical dimension
whose rationality is the generation of products (goods and services) for the satis-
faction of purposes for which universities were created, and the social dimension
whose rationality is to ensure that interpersonal/social relationships are focused to
satisfy an adequate interaction between people making part of the university and the
requirements of the technical system.

The dynamics between the two sub-systems is complex, and it is considered
of reciprocal influence: the technical system influencing the social system and vice
versa. The technical system should impact the social system encouraging a change in
the university culture and vice versa, but this is overly complex. This is due to multiple
reasons such as: number of people participating as teachers and employees, and their
high connection, by their interaction levels, by the kind of university decisions, or
by the number of activities at the university.

3.2.1 Technical Sub-system: Core Technologies and Management
Technologies

Thompson (1976) cited by Felcman and Blutman (2020) characterized the technical
sub-system based on two types of technologies: core technologies and management
technologies. Technology is the knowledge used by organizations to transform inputs
into goods and services, to satisfy the purposes for which organizations were created.
This knowledge can be “incorporated” in an artifact such as internet, a computer, etc.,
or also when it is “disincorporated”, when it is found in the patents, in the building
blueprints, in the mind of those who have that knowledge (a teacher, a researcher or
an executive from the university, etc.).

Also, technologies can be core technologies: those which are designed to meet the
main objectives of the organization, such as educational technologies for teaching;
the research and transfer of knowledge, or the TIC infrastructure; or management
technologies: those designed to “isolate from context” or generation of “uncertainty”
conditions for core technologies, as the university administration, communication,
marketing, or the administration of the university campus.

Following this approach, complex organizations such as universities are social
artifacts created on purpose to reach objectives that generate certainty within an
uncertain context with which they interact. Under rational regulations, universities
seek to “isolate” their core technologies from the context influences, protecting them
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with the provision of components of input/output to absorb the environment influ-
ences, leveling of transactions of input/output throughout anticipation of contextual
changes, by planning and programming of activities, rationing when all of the above
was not effective at the moment of protecting core technologies (Thompson, 1967).

3.2.2 Social Sub-system

For Felcman and Blutman (2020), in the social sub-system, while there are several
concepts that can be highlighted as components, emphasis is made in one which
is considered the base of the others: the organizational culture and the university
culture. Organizational culture is defined as a “pattern of made basic assumptions,
discovered or developed by a group focused on learning how to face their problems
of external adaptation and internal integration, who have had enough influence as to
be considered valid and, as consequence, be taught to new members as the correct
way to perceive, think and feel those problems” (Schein, 1988).

Schein identifies and distinguishes three levels of the organizational culture: A
visible level is composed of artifacts as objects, written standards, rituals, symbols,
and the labor environment; a second level is composed of values, which are the
preferences that members of an organization have, with respect to certain organi-
zational issues over others (remunerations, social benefits, spare time, interaction
with other members of the organization, satisfaction with tasks being performed,
compromise, self-realization, progress); the basic assumptions are the deepest and
“invisible” beliefs that make up the “organizational collective unconscious.”

3.3 Internet as a Social and Technological System

When speaking about the knowledge society, we speak about a socio-technical trans-
formation, since all societies are of “knowledge.” In this case, it is about a society
in which the conditions to generate knowledge and information processing have
been considerably altered by a technological revolution, focused on information
processing, to the generation of knowledge through the information technologies
(Castells, 2003).

Internet is a cultural creation that allows the emergence of a new economy and
the development of innovation and economical productivity. But Internet is revealed
as a culture through a social practice that conceives cultural diffusion, a dimension
referring to a visible level composed of devices, a value level, and a belief and
way level to mentally constitute the university community, which is decisive in the
generation of ways of these technologies and which is a key factor paradigm. The fact
that Internet is a culture that allows the creation of new conditions for organization and
innovation, as a support of the new economy, reorganized in networks and innovated
regarding capabilities of new ways to create added value, is only possible thanks to
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the network technology. Those universities use Internet to organize their network
operation from the innovation of new digital technologies (Castells, 2003).

3.4 Governance of the Socio-technical Model

The corporate government identifies the strategic actors who get involved in the
university processes, for the university to comply with its purposes, through theories
such as the agency, the company, and management of knowledge.

Itis considered that the university is an economic entity whose purpose is to maxi-
mize the economic profits through costs of its transactions. The university manage-
ment implies some costs which are not absorbed by prices, such as: the cost of search
for students and teachers, cost for differentiation of tuition costs, cost of contract
negotiation to carry out its transactions, and the cost to guarantee that what is agreed
in the programs is fulfilled, as well as costs to devise the different programs; these
are commonly called transaction costs.

However, there is still another theory defined with respect to cost saving for
coordination of the teacher training in the university, which establishes the duration
and restrictions of such costs that is determined by teacher incentives. Therefore, the
promoting of low-powered incentives in the university is as well an important factor
to inspire cooperation and coordination (Diaz, 2020).

On the other hand, power delegation/responsibilities should be considered,
between an agent and executive (dean, academic vice-rector, etc.) for the teacher
to do on his behalf teaching activities through the contract theory.

Finally, for Tarzijan (2003), cited by Diaz (2020) to operate efficiently, the univer-
sity needs specific physical assets as well as human resources (they constitute an intel-
lectual capital stock), which generates what is called the theory of the firm, based
on knowledge (technology). These are investments in human resources, language,
particular routines of the university, tacit and explicit knowledge, common ideas, etc.

Governance is how the groups are organized in the university to make or implement decisions
in common agreement between the members that make up the corporate government, to
accomplish their objectives, to arbitrate their discrepancies and exercise their rights and
legal obligations, to comply with the university goals. This is what determines the north
of the university, through the system of strategies, policies, values, regulations, practices,
mechanisms, and processes that set up the restrictions for the administration of its economic,
political and social issues inside and outside of it. Also, there are two essential elements:
The Government Codes which are the adopted methods (tacit and explicit), to specify the
governance processes, and the Governance Tools which are the instructions or instruments
that operate the methods and define the options to implement them out (Diaz, 2020).

Going back to the socio-technical model, the purpose of the social sub-system is
to ensure that interpersonal/social relationships are aimed at the adequate interaction
between people that are part of the organization and the requirements of the technical
system. In this sense, coherence is the logical relationship between the two parties
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or realities, so that no contradiction nor opposition is generated between them and
keeps them in the same position.

In other words, in the universities, due to the consolidation between the adminis-
trative patterns, the type of governance is created, the type of culture that has been
generating a coherence. This coherence has been around for years because, between
the administrative model, governance, technology, and the university culture, such
coherence was present.

With the advent of the new digital technologies, the rupture of coherence has
occurred. This happens when the logical relationship between realities is broken,
which produces contradiction. The university has been managed according to a tech-
nological structure and the vision of conceived university since its beginning. With
the arrival of the Fourth Industrial Revolution, as it was expected, the university
vision changed, and consequently decisions are to be made according to the organiza-
tional culture and corporate government. It is expected that this causes the coherence
rupture.

From the university culture, it is expected that the university promotes the devel-
opment of the soft skills, which tend to disappear with the technology massifica-
tion. From the corporate government, training must be formalized in the new digital
technologies, as well as in core and management technologies.

4 Management of Latin American Universities

Management in Latin American universities, since nineteenth century, is origi-
nated and supported by several administrative theories which make emphasis on
the basic functions that integrate the management process, the labor division, the
definition of authority levels, the discipline, the control unit, the subordination unit,
the remuneration, centralization, hierarchy, order, equity, personnel stability, initia-
tive, binding results; all this originates the concept of administrative process and
departmentalization, and ends up in the achievement of the organization results.

Diaz (2020) synthesizes the administrative theories as well as their evolution
through corresponding patterns. Table 3 shows how those patterns are reflected at
that moment.

Table 3 Organizational theories

Theories and organizational patterns

Theory of scientific administration
 Organizational pattern of continuous
improvement (Uran, 1961; Crosby, 1979)

Human resources theory
 Organizational pattern (Adhocratic &
Mintzberg, 1979)

Theory of bureaucracy
« Pattern of bureaucratic organization (Max
Weber, 1922)

Classic theory of administration
 Organizational pattern of competitiveness
(Porter, 1990)

Source Diaz (2020)
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Administrative management is the process by which the organization schedules,
plans, organizes, leads, controls, and evaluates the results; all this depends on each
organizational pattern (model).

Organizational patterns, from these theories, are classified as hierarchical, adho-
cratic, clan, or market type, while their structures can be matrix, by processes, or
in networks. They can be high or flat, depending on the decision and control levels
defined by the institution.

5 Organizational Structures of Universities in Latin
America

Rodriguez-Moscoso (2020) states that Latin America started a specific pattern of
university, from the Cérdoba Reform of 1918, characterized by the autonomy of its
institutions, with a management framework based on the modality of co-government.
The dominant pattern in Latin America is basically similar to the Napoleonic pattern.
The autonomy, co-government at the institution with the participation of students,
teachers, graduated with voice and vote in the governing bodies make of this a
democratic and participative pattern.

However, the university government is hierarchical, Pyramidal, and departmen-
talized, with authority levels and control clearly defined in statutory rules. Autonomy
is clearly a characteristic of the public and private university management in Latin
America. It keeps a structure of hierarchical organization by substantial functions
of the university and a structure by processes of the support areas. Organizational
structures of Latin America are matrix structures. The organizational pyramid, for
the university management, is implicitly aligned with the institutional pedagogical
pattern, which leads to the functional missions and to the support processes, with
reliable and timely information for decision making that ensures the achievement of
the university goals.

The Government of Latin American universities has not changed significantly, and
it remains hierarchical, in both public and private universities. What has changed is
the way of generating impact in remote regions. In the case of teaching and learning
activities for distant populations from the headquarters, previously education was
developed through the radio, execution of physical guides, self-training validated by
the state, or regional distant education centers—RDEC.

Today, although the distance modality still persists, the academic activities devel-
oped through the virtual modality have increased exponentially. In this modality, the
pedagogical models supported by the use and appropriation of ICTs have made
it possible to bring knowledge, virtual classrooms, and self-managed develop-
ment to remote places where students are. Therefore, the methods and means of
reaching distant places have evolved: first, self-learning; then radio and television;
and later, with the appearance of the Internet as a hyper-transformer and inducer of
a fundamental change, the classroom was brought to the student.
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In the virtual mode, on the one hand, the administrative activities required to
support academic activities are generally carried out centrally. On the other hand,
academic activities can be developed in a centralized or decentralized manner
depending on the policies of the IES. Centralization is reflected, for example, in
the hiring of teaching staff from the headquarters to teach academic activities in the
virtual mode, regardless of the geographical location of the students. Decentraliza-
tion occurs when both students and teachers are relocated far away the headquarters
of the HEIs.

6 The Digital Transformation in the Management
of University Institutions of Latin America

Digital transformation is understood as the process by which a Higher Education
Institution breaks the management paradigms of the past and reinvent them through
a creative disruption, supported by the utilization of digital technology, with the
aim of achieving a more effective management, generating relational capital with
its reference groups, and the institutional positioning. That is why the digital trans-
formation is not only the use of technology to store data, but above all, a change in
the existent organizational culture, to allow and facilitate the entry into knowledge
management, in the economy of its intangibles.

The political decision of the world countries to open their frontiers removed the
geographic barrier. Technology and communications evolved and wired together,
which at the end produced digitalization, leaving a global world with no frontiers,
without barriers, with communication accessible to all, and becoming a right of all
humanity.

This reality is described by McLujan (1962, 1994) when he says that in the begin-
ning there were no communication means as we know them today, nor the way they
were at the end of twentieth century. For Fridman (2005), the globalization forces
have emerged in economic, commercial, and political structures, changing from being
rigidly vertical to be frankly horizontal; that is how the world is flattening, leading
to a new era of collaboration between individuals and communities as never seen
before, which is affecting the way of doing business, as well as the role governments
play.

For Guajardo (2020), the digital transformation, in the Latin American universi-
ties, is not only a solution to common challenges of universities, but also a change of
mentality that creates more efficient processes in the management and pedagogical
experience.
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6.1 Management of the Higher Education Institutions
in the Digital Transformation

Guajardo’s research (2020) clearly shows the digital retardation of universities, where
it is evident that only one-third of them become digital explorers. The Enterprise
Resource Management (ERP) emerges as a response to a culture of silos manage-
ment, in which, for each process of the organization, it was used an information
system, generating problems of redundancy and integrity of information. The ERP
is the response to that tendency of development of information systems defined as
“silos,” in which every problem of the organization was solved through an isolated
information system, generating redundancy and lack of integrity in the informa-
tion. Until the beginning of the twentieth century, the information was obtained and
processed manually. Digitalization arrived with functional solutions, for a university
management supported not only on data and reliable and timely facts, but also on
analysis, interpretation, and applications for the decision making that generate new
knowledge.

6.2 Impact Areas of Digital Transformation

Emerging digital technologies can have an important impact on the digital transfor-
mation of universities in Latin America. Duparc (2013) states that the real digital
transformation is achieved when all the organization assumes the importance of the
digital culture and makes it her own at all levels. Besides this, he says that it is not a
technology problem but a people and structure problem, and he confirms that the real
digital transformation is achieved when all the organization assumes the importance
of a digital culture making of it her own culture at all organizational levels, adopting
a new model of management that must be incorporated systematically throughout
the following components:

6.2.1 Sustainability of the University Campus
Itis necessary to incorporate technology to support the institutional policy about care
and conservation of environment.
6.2.2 Infrastructure of the Communications and Information
Technology (CIT)

Emerging technologies may have an important impact on traditional technological
infrastructures of universities.
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6.2.3 Infrastructure for Information Processing

The digital transformation has implications in the data processing centers of
universities.

6.2.4 Communications Infrastructure

The digital transformation has influence in digital technology development in the
telecommunication structures of universities.

6.2.5 Administration

The Higher Education Institutions are complex organizations, and as such, they need
to manage the information. Digital transformation supposes a new “turn of the screw”
on using CIT for the administration of universities.

6.2.6 Processes of University Management

It is necessary to analyze the impact of emerging digital technologies in the process
automation of university management, with a future vision in the knowledge and the
emergence of the economy of intangibles.

7 The Technological Dimension in the Digital
Transformation of the Higher Education Institutions
in Latin America

The technological dimension of digital transformation is made up of data, software,
hardware, and communication networks. Data processed and converted into informa-
tion are the source of knowledge for decision making in the organizations (Loshin,
2012); therefore, they represent an input for the information to become a key asset
of companies, and they are essential for the analysis, diagnosis, and the generation
of early warnings in the organizations.

Regarding software, hardware, and communication networks, there are several
types of tools and information systems that allow the incorporation of digital transfor-
mation, in the business processes of organizations. Among the main types of tools are
ERP—Enterprise Resource Management, CRM—Customer Relationship Manage-
ment, SCM—Supply Chain Management, ERM—Enterprise Risk Management, and
KM—Knowledge Management, among others. Nevertheless, at the moment, the
digital transformation is mainly supported by technologies of the Fourth Industrial
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Revolution. Thatis why, in this abstract progress on digital transformation is analyzed
regarding the Higher Education Institutions in Latin America, from the main pillars
of the Industry 4.0, whose fundamental concepts are presented below.

7.1 The Technological Pillars of Digital Transformation

Industrial revolutions are understood as disruptive changes affecting all sectors of
society (Schwab, 2016). According to Schwab (2016), along the history, four indus-
trial revolutions are recognized: The first one took place on the eighteenth century,
and it was characterized by passing from manual production to mechanized produc-
tion; the second one was originated on the nineteenth century, and its main charac-
teristic was the generation and use of electric power; the t