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This research aims to provide a general visualization of studies focused on the intellectual capital developed in Colombia. Firstly,
detailed information on research articles on this topic was obtained from the Scopus database. Secondly, the information was
analyzed using Excel through the direct comparison and analysis of graphs with references and theories related to intellectual
capital. Finally, the results exposed that Colombian scientific production is associated with 32 public universities, representing
45,029 elaborate documents by 9,758 authors on three relevant topics: physics and astronomy, agricultural and biological science,
and medicine. Also, the data obtained exposed that 56.61% of the institutions are above the average considering the overall public
institutions. However, this behavior depends on the institution’s number of researchers and full-time teachers related to in-
tellectual capital. Finally, the hypotheses agree with the results obtained, considering that the quantity and quantity of intellectual
capital significantly influence scientific production, the size and location of the public universities of Colombia, and the national

and international scientific collaboration.

1. Introduction and Overview

The intellectual capital study has emerged since the 1960s,
with the interest of recognizing both personal and collective
knowledge in organizations to establish the knowledge value
that people contribute to the organization and generate
value [1]. This study gave rise to the valuation and visual-
ization of intangible assets in the accounting and financial
balance sheets to reflect the real value of the companies and
to establish the potential of knowledge in the generation of
wealth [2], considered by Galbraith [3] as the result of the
use of people’s intellectual capacities, which creates value
and individual and collective strengths.

Intellectual capital is considered the personal and col-
lective knowledge contained in the human resource, its
processes, and internal and external relationships of the
organizations necessary to generate value and competitive

advantage [4]. In this way, Rastogi [5] considers that in-
tellectual capital (IC) and knowledge management (KM) are
those activities related to knowledge from the stock to
knowledge management. KM and IC have a strong rela-
tionship in both directions. Therefore, IC represents the
stock of knowledge in human, structural, and relational
capital [6]. Guthrie [7] establish that relational capital is
derived from the creation of knowledge in the long term in
organizations, and therefore, KM strategies are constituted
through the application of knowledge to integrate it to create
value [8-10].

Considering the above, in the open literature, several
studies about intellectual capital (IC) seek to apply the
theoretical foundations in empirical investigations, as is the
case of the study carried out by Yudianto et al. [11] who
showed that university governance affects intellectual capital
and scientific production in universities. Therefore, in
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Indonesia, they are not optimal to obtain the expected
performance of Public Universities-Legal Entity (SU-LE)
and Public Universities-Agency of Public Services (SU-
PSA), concluding that good university governance and IC
have a significant and positive influence on the performance
of these institutions. On the other hand, Sanchez-Limon
et al. [12] characterized and compared IQ in four Mexican
public universities in business and administration areas,
concluding that this type of organization is a source of
scientific knowledge. Besides, IQ has a considerable positive
impact and constitutes its competitive advantage that im-
proves their performance according to the IQ levels in each
institution. On the other hand, Nicolo et al. [13] examined
the drivers of intellectual capital in Italian public univer-
sities, where it was determined that the size of the university
positively influences the diffusion of intellectual capital
through the annual reports of these institutions; for this
reason, the practices of CI are driven and influenced by the
administrative management of these institutions, generating
competitive advantage and in turn increasing their
performance.

Investigations developed around the world demon-
strated the incidence of the number of publications and
intellectual capital from the higher institutions and thus the
quality of their administrative processes. For example, in
Ecuador, the academic and scientific production in the
Universidad Metropolitana del Ecuador, in the 2020-2021
period, according to Rojas-Valladares et al. [14], 13% are
found in scientific databases, while 87% belong to regional
databases, which means that, for every 100 published arti-
cles, only 13 are in world-renowned scientific databases and
87 in regional databases. These publications correspond to
research products of research, development, and innovation
projects linked to social and academic networks.

Millones-Gomez et al. [15] studied the influence of re-
search policies on scientific production in 97 public and
private Peruvian universities, concluding that research
policies do not influence scientific production published in
Scopus or Web of Science in 2019 or 2020. Finally, it rec-
ommends strengthening policies to finance projects, re-
search training strategies, and the establishment of scientific
collaboration networks to increase the productivity of
groups and researchers.

The study conducted by Barcia and Gonzalez [16] pre-
sented an analysis of the scientific production of virtual and
blended university education in the period of 2007-2020 in
Spanish education journals that are part of Web of Science
and Scopus. 72 publications were selected, highlighting the
publications of the Universidad Nacional de Educacién a
Distancia (UNED) as a public institution, whose articles are
mainly the product of empirical studies and with the highest
number of citations. In addition, its evolution, profile of the
authors, prominent institutions, and research methods and
techniques used in the of publications with the greatest
impact were evaluated. Liberatore et al. [17] analyzed the
scientific production in the period 1978-2019 of the Uni-
versidad Nacional del Mar del Plata (UNMDP), taking into
account the publications found on the Web of Science and
Scopus, obtaining results that 38% of the UNMDP
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publications were carried out in international collaboration,
of which half was carried out through collaboration net-
works with the United States, Latin America (Brazil, Chile,
and Mexico), and Europe (Spain, Germany, and France).
Elango [18] examined the growth of the scientific production
of the ten most productive countries between 1996 and 2015
using the Scopus database by determining the compound
annual growth rate and the relative growth rate. Of the most
productive countries—the United States, China, the United
Kingdom, Germany, Japan, France, Canada, Italy, India, and
Spain—it was observed that the highest growth rate is ob-
tained in China, with 15.11%, and India, with 9.86%, and
lower proportion in Japan, with 1.32%. However, the United
States, China, and the United Kingdom continue to be the
most productive, it is also important to point out that, in the
analysis for the first ten years (1996-2005), the growth of
scientific production is more reduced, while in the last ten
years (2006-2015), all the countries analyzed except India
experience an increase of almost 50%. Finally, it was ob-
served that the first ten countries analyzed concentrate their
scientific production in the areas of information technology,
decision-making, economics, energy, environmental sci-
ences, psychology, and social sciences.

In the scientific production [19], historically, a loga-
rithmic evolution has been presented by the constant linear
increase in the annual growth of scientific production in all
areas of knowledge according to the number of articles and
reviews published in the most productive countries
worldwide such as Australia (AU), Canada (CA), China
(CN), Germany (DE), Spain (ES), France (FR), India (IN),
Italy (IT), Japan (JP), South Korea (KR), United Kingdom
(UK), and United States (USA), as shown in Figure 1.

From Figure 1, there was a decrease in scientific pro-
duction in almost all countries, in the period of the Second
World War (1939-1945), where the most affected countries
were Germany (DE), Japan (JP), and Italy (IT), while the
United Kingdom (UK), the United States (USA), and
Canada (CA) were less affected. There were also significant
increases in the period of 1995-2002, thanks to the dot com
bubble and the rise of computing and information tech-
nologies, and technology and research companies were
financed, which generated an increase in the number of
articles published in the field of medicine, biochemistry,
and engineering in many countries. Another important
aspect in the study of scientific production is statistical
analysis, which began to be carried out from the beginning
of the first quarter of the 20th century, comparing the
scientific productivity of various countries. Later, in 1969,
the term bibliometrics was used for the first time, con-
sidered as the statistical methods for analyzing the scientific
publications contained in databases. On the other hand,
university rankings originate between the years 1870 and
1890, with the aim of classifying the scientific quality of the
research carried out. Finally, in Colombia, the measure-
ment of scientific production arises from the 1990s,
through regulations such as decree 1444 of 1992, decree 60
of 1995, and decree 1279 of 2002 that give recognition to
universities through the evaluation of the production of
their teachers [19].
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Figure 1: Evolution of scientific production worldwide. Source:
[19].

In Latin America, important studies have been developed
on scientific production in Higher Education Institutions,
such as the research carried out by the authors Kuong Morales
and Kuong Morales [20], who carried out an analysis of the
position occupied by the universities of Peru in the ranking
compared with the universities of Latin America. The results
obtained showed that the first university appears in position
37, concluding that these Peruvian universities have an as-
cending presence but far from the first places in Latin
America, due to the low scientific production of high impact.
Carranza-Esteban et al. [21], analyzed the scientific produc-
tion of the rectors of the Peru universities registered in the
publications of Scopus and Web of Science (WOS). The re-
sults confirmed that only 14.29% have published scientific
articles, representing an average h-index of 3.62 in Scopus and
1.14 in WOS, concluding that the scientific production of the
rectors is very low and it needs policies that encourage such
scientific production. Carranza Esteban et al. [22], who an-
alyzed the scientific production of nursing directors from 42
state and private Peruvian universities in Scopus, Web of
Science and Redalyc, SciELO and Latindex, in the period 2014
to 2019, concluded that 42 managers were identified, of which
17 made at least one scientific publication, which is equivalent
to an average of 2.32 published articles, obtaining an H index
of 0.25, which is a very low scientific production. Suarez-
Amaya et al. [23] showed that, in the University of Tarapaca,
they use temporary, economic, and hierarchical incentives to
increase scientific production, and they also carry out internal
calls to finance research projects, but there are limitations in
high-impact research, concluding that incentives and good
practices are required that allow promoting the positioning of
Chilean universities in the scientific community and society in
general.

In Cuba, some studies have been carried out which
examined the scientific production in ResearchGate and
Google Scholar of the University of Camagiiey, where it was

observed that there is little presence of the institution in the
scientific community in the two platforms, concluding that
there is little positioning of this university in the collabo-
rative scientific platforms of academic social networks, ig-
noring the importance of the development and visibility of
open science [24]. Similarly, Galban-Rodriguez et al. [25]
analyzed the scientific production of Cuba in 200 certified
Cuban journals and thirteen national and foreign databases.
The results showed that publications in Cuban journals
increased both in number of journals and articles in the
period from 2000 to 2018, while foreign publications ex-
perienced minimal growth until 2018, especially in Scopus
and Web of Science, which represents 22% of the annual
scientific production of Cuba in foreign journals.

For the case of Ecuador, Herrera-Franco et al. carried out
a bibliometric analysis of the scientific production in
Ecuador in the period 1920-2020. The results showed a
consolidation of the scientific production of 30,205 docu-
ments published in 27 subject areas, using 13 languages in 84
countries. The main research topics were biology, higher
education, technology, web applications and computer
science, medicine, and energy. There are also a significant
number of publications dealing with the sustainable de-
velopment goals (SDGs), sustainability, and climate change.

Scientific production in Colombian universities began to
be institutionalized and developed after the creation of the
Departamento Administrativo de Ciencia, Tecnologia e
Innovacion (Colciencias) and the Instituto Colombiano para
la Evaluacién de la Educacion (ICFES) in 1968, as well as in
1991, the National Science and Technology System (CSS&T)
was created. These government institutions allocate financial
resources, qualified human capital, and strategies to develop
research [26]; this is because scientific production is con-
centrated in higher education institutions, mainly univer-
sities [26]. According to the above, scientific research in
Colombia in recent years has become a significant factor in
the development of science, especially within the universi-
ties, which are the leading institutions that contribute sig-
nificantly to the country’s research activity. In Colombia, the
scientific production of groups and researchers is classified
according to the measurement model of the Ministerio de
Ciencia, Tecnologia e Innovacién [27], according to the six
major areas of scientific knowledge defined by the Organ-
izacién para la Cooperacion y el Desarrollo Econémicos
(OECD), which are natural sciences, engineering and
technology, medical and health sciences, agricultural sci-
ences, social sciences, and humanities. Consistent with the
foregoing, research on intellectual capital and scientific
production has been carried out in Colombia from different
perspectives, considering that the IC theory is a means to
achieve KM in HEIs in Colombia, analyzing the three di-
mensions of intellectual capital: human (HC), structural
(SC), and relational capital (RC) [28]. The HC and IC model
can be implemented for research groups in Colombian
universities [29]. The degree of maturity of their processes is
analyzed within the framework of the AENOR of GC UNE-
412001 and the UNE-16002:2006 standards. R+ D +i
process management is mainly based on evaluating the
knowledge generated within the group [30].
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According to Jin and Rousseau [31], scientists rely on
scientific metrics and bibliometric analysis to make scientific
decisions, providing a reference point for what they want to
study. Therefore, the production of scientific knowledge in
universities depends on feedback within these institutions by
strengthening the intellectual capital it possesses and its
accumulation over time. Bucheli et al. [32] developed an
analysis of the scientific publications of Colombian public
universities in ISI Web of Science (WoS) between 1958 and
2008, in the categories, such as early exponential growth
(EEG), late exponential growth (LEG), and linear and ir-
regular growth (LIG) of the different universities, and also
analyzed the relationship between these categories and their
relationship with IQ, concluding that 9% of these institu-
tions have obtained an EEG from their scientific publica-
tions, 47% LEG, and the remaining 44% LIG.

Moreno-Lopez et al. [33] carried out a study on scientific
production in Institutions of Higher Education (IES)
accredited in high quality in Colombia, based on the theory
of human capital, obtaining as results the identification of
classified researchers and their training, classification of
groups of research and its productivity indicators in seven
regions: capital district, coffee region, Pacific, Caribbean,
Middle East, central south, and plains.

On the other hand, the effects of COVID-19 have
generated delays in the development of scientific production
in different subjects of science and technology, mainly in
disciplines such as biology, medicine, socio-economics, and
tourism from a worldwide perspective, as reported by
Moreno-Loépez et al. [34]. In this way, Casado-Aranda et al.
[35] exposed that the educational field is in an initial process,
and research is related to mental health, students with
various disorders, and higher education trends to be ori-
ented to apply effective pedagogical methods.

Specifically in Colombia, Pertuz-Peralta et al. [36] de-
veloped a literature review to analyze the approaches to
intellectual capital in companies and universities in
Colombia [37]. The results showed that intellectual capital in
companies focuses on the paradigm of fixed capital centered
on relational capital, made up of clients, suppliers, strategic
alliances, and the reputation of organizations, while in
universities, it focuses on intellectual capital—dynamic,
Newtonian, integrative, and transformative, based on hu-
man capital. IC in universities and companies improves the
organizations’ performance, and to measure it, each orga-
nization must develop indicators aligned with its strategies
and its own characteristics because perhaps a universal
model has never been developed. Cricelli et al. [38] explored
the relationship between IQ and the performance of public
universities in terms of research, innovation, and education
[39]; this study shows that the different aspects of IC are
associated with university performance. The authors found
that universities must reach critical mass to obtain out-
standing research and innovation results. The findings also
identify the importance of international student and teacher
mobility programs for most performance variables.

Le6n Cano et al. [40] talk about the scientific production
in Colombian psychology indexed in Scopus in the period
from 2015 to 2019, considering the number of documents,
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the citation index, and international collaboration. Scimago
Journal & Country Rank was used to collect data from the
Latin American countries where they were carried out
publications of this type. The results showed that Colombia
presents a significant growth in scientific production, but its
total contribution to science is less than other countries such
as Brazil, Mexico, and Chile. It was also identified that
Colombia is the second most important country in Latin
America with ten psychology journals in Scopus. However,
Velascoet al. [41] evaluated the trends in scientific pro-
duction on Economics in Colombia in the period 2007 to
2019, through Scopus publications, which were evaluated by
indicators of production, citation, and scientific collabora-
tion. It was determined that Colombian researchers have an
average annual growth rate of 13% in Scopus, in addition to
participating in national and international scientific col-
laboration networks, with a very significant trend of
coauthored publications, with an important participation of
institutions of higher education and research institutes.
Beizaga-Luna et al. [42] analyzed the scientific production of
Peru and Colombia in Social Sciences that was published in
Web of Science in the period from 2011 to 2020, with the
purpose of measuring indicators of collaboration and
analysis of coauthorship and cocitation networks between
institutions and countries. For this research, 2,888 publi-
cations from Peru and 12,747 from Colombia were obtained,
in which the patterns of scientific collaboration in both
countries were identified. Consistent with the above, there is
a significant difference in the number of published docu-
ments, but there is a similar dynamic in both countries.
Finally, Moreno-Lopez et al. [43] analyzed the knowledge
production of Colombian researchers linked to higher ed-
ucation institutions (IES) with high-quality accreditation;
based on the dimensions of the theory of human capital, the
results present the descriptive statistical information of the
seven regions: capital district, coffee region, Pacific, Ca-
ribbean, Middle East, south center and Llanos of Colombia
according to the information on the website of the Ad-
ministrative Department of Science, Technology and In-
novation of Colombia, Colombia (Colciencias), identifying
the researchers and classified groups, the training of re-
searchers, and productivity indicators for each of the seven
regions mentioned above.

Nowadays, in the open literature, there does not exist a
document that analyzes the scientific production in the
public universities in Colombia and how this is related to the
intellectual capital of the higher institutions. In this way, this
review article presents a documental analysis of the scientific
production of the current 32 public universities in
Colombia, which were selected according to the information
of the Sistema Nacional de Informacion de la Educacion
Superior (SNIES, Colombia), considering the first published
document of the public universities in Colombia. The data
were collected directly from the Scopus database and other
sources on the public higher education institutions. In this
way, an analysis of the public universities in Colombia was
carried out to establish the publication of scientific material
(articles and books mainly), journals in which the authors
publish, and the main collaboration networks. Finally, this
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review analysis will demonstrate the implications of human,
relational, and social capital and structural elements in-
volved in intellectual capital in Colombian institutions and
then quantitatively evaluate the scientific production and
behavior of the most relevant Colombian institutions and
interest areas.

2. Materials and Methods

2.1. Colombia Overview. The subject of intellectual capital
has been widely studied by the international scientific
community, for which the study of all the publications
carried out in all countries would be very complex, which is
why the country of Colombia was selected as the object of
study, considering that we, the authors, know the public
policies that govern scientific publications, compiling in-
formation directly from the Scopus database, which is the
best known internationally from which detailed information
is obtained by Colombian institutions [4]. The following
hypotheses are proposed as a result of the literature review
on intellectual capital and scientific production for
Colombian public universities:

(i) H1: the public universities of Colombia with the
highest human capital are the most scientifically
productive

(ii) H2: the quantity and quality of the intellectual capital
of the public universities of Colombia have a positive
and significant influence on national and interna-
tional scientific collaboration

2.2. Scientific Production in Colombia. Scientific production
is the direct result of research activity, from which products
such as research articles, books, book chapters, patents,
utility models and technological products, architecture, and
design, among others, are derived [27]. Employees create
human capital by their inherent and acquired knowledge,
skills, talents, and competencies. In this way, the HC can be
considered a dynamic index and a significant factor in to-
day’s organization’s prosperity [44].

In Colombia, the development of research, and there-
fore, scientific production, arises in the 1990s from the
generation of national standards to manage the development
of the country’s research processes. In this sense, Colciencias
calls for the classification of journals, research groups, and
researchers, establishing categories C, B, A2, and Al for
journals and research groups and junior, associate, senior,
and emeritus categories for researchers. Finally, the cate-
gorization of research groups and researchers has been an
important parameter to increase the scientific production in
Colombian HEIs.

Regarding taxonomies and models of scientific pro-
duction, they depend on the particularities of each region or
country, for which trends and policies have been established
that mark the direction of research processes. Therefore, the
classifications and models are adjusted to the characteristics
and needs of each country. For example, in the Colombian
case, there is a model for classifying the scientific production
of research, technological development, or innovation

groups proposed by Colciencias and based on decree 1279 of
2002, which regulates the remuneration of professors at
public universities.

According to Colciencias [27], the scientific production
typologies are classified in Table 1. The categorization of
research article types Al, A2, B, and C is defined according
to the quartile (Q) that the journal occupies in the citation
index systems, corresponding to Q1, Q2, Q3, and Q4, re-
spectively. To the extent that Colombia positions knowledge
as a relevant capital for social and economic development, it
is necessary to have a detailed list and reliable indicators of
national capacities in science, technology, and innovation
(STT). These capacities can be, simultaneously, institutional,
relational, and individual. Likewise, they can be willing to
generate new knowledge, technological development and
innovation, social appropriation of knowledge, and training
human resources for research [27].

In the literature, there is a consensus on the definitions of
scientific production, considering it as a product of the
results of research that is developed mainly in higher ed-
ucation institutions and/or universities that have established
in their substantive functions, considering that the mission
of scientific production through research processes is to
improve the processes carried out in the HEIs [36]. Con-
sequently, the scientific production of university professors
has become a fundamental instrument for the improvement
of academic quality in HEIs worldwide, where publications
are considered the main component of scientific activity and
a fundamental pillar in higher education, allowing in this
way to classify universities according to their scientific
production and academic indicators [27]. Also, there are
consensuses where it is established that scientific production
depends mainly on the impact of research and innovation
policies and trends in the way research is carried out in each
country, which affects local and global dynamics of scientific
production.

2.3. Data Collection. The data were compiled in December of
2021, directly from Scopus database scientific publications
on the intellectual capital in higher education institutions for
all documents published in the Colombia institutions. The
information was analyzed considering the methodology
proposed in Figure 2, which consists of three steps. First, it is
important to mention that the data collection was developed
based on the governmental page that provides information
about the 32 public universities in Colombia (only focused
on public higher institutions in Colombia) [45]. Second, the
information about the scientific production (articles and
books) was classified by areas and collaboration networks
whose information was automatically provided by the
Scopus database without the use of other software [46-49].
Third, this information was analyzed and discussed, con-
sidering intellectual capital and scientific production theo-
ries in higher education institutions and other publications.
Notice that the scientific production analysis related to
production universities was developed considering only the
information provided directly by Scopus about the authors
and articles by areas and collaboration networks [50].
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TasLE 1: Typologies of scientific production of groups and researchers in Colombia.

Product name Category Quality requirements
(1) Research articles (A) Al The journal that is in Q1 (top 25% of the journal citation reports (JCR) (science citation
N-A1l index (SCI) and social sciences citation index (SCI)) or SCImago journal rank (SJR)
A2 The journal that is in Q2 (between 74.9% and bottom 50% of the JCR (SCI and SSI) or
N-A2 SJR)
B The journal that is in Q3 (between 49.9% and bottom 25% of the JCR (SCI and SSI) or
N-B SIR)
(2) Scientific notes (N) C The journal that is in Q4 (in the bottom 24.9% of the JCR (SCI and SSI) or SJR or indexed
N-C in index medicus, psych INFO, arts and humanities citation index (A&HCI))
D Journal that is found in two (2) or more bibliographic databases that have a scientific
N-D committee
The book must have one or several national or international awards or special mentions,
(3) Research results books (LIB).) LIB-A1l awarded by juries and edited by an editorial fund (not printing) external to the
institution to which the author is affiliated
(4) Chapters in the research result LIB-A1 The book or book chapter is located in the top QI (of your large area of knowledge)
book (CAP-LIB) according to the citations calculated from Google Scholar, Scopus, and Web of Science
CAP-LIB- and edited by an editorial fund (not printing press) external to the institution to which
Al the author is affiliated
CJ‘:EL?B- Book or book chapter located in the upper Q2 (of your major area of knowledge),
A according to citations calculated from Google Scholar, Scopus, and Web of Science
Czﬂ’]i,llgB- Book or book chapter located in the top Q3 (of your major area of knowledge),
B according to citations calculated from Google Scholar, Scopus, and Web of Science
. Training book located in upper Q1 (of its large area of knowledge), according to citations
(5) Training books LIB-FORI calculated from Google Scholar, Scopus, and Web of Science
Step 1 Step II Step 111 |

Collecting information
directly from Scopus

Compilation and plot of information
provided by Scopus about scientific
production and authors

Analysis of results and
discussions using Excel

Topic research

Data collection

Production of Universities

Colombian higher public
institutions
(32 universities)

All subject areas
All languages
All type documents
All years (Until december 2021)
(Information debugging)

Microsoft Excel software (CVS,
format).
Scopus data
(45,029 articles/books and 9,758
authors)

F1GURE 2: Methodology proposed.

However, the Scopus database was selected because it had
the most high-impact documents, access facility, easy vi-
sualization of the data through the years, and
graphical information actualized from the scientific pro-
duction [51].

For this study, the publications collected were considered
only for the authors with at least one affiliation with higher
public Colombian institutions (only 32 universities). In this way,
aspects were considered as document types (articles, books, book
chapters, letters, conference articles, and others), obtaining in-
formation on all areas and languages from the data obtained
(step II). Notice that the information was taken into account
until the year 2021. Besides, Excel software was used to clean data
and delete duplications and mistakes on the names or institu-
tions in the last step (dots, tildes, or commas) [52]. On the other
hand, figures and information were plotted using the Excel
software.

Finally, this article presents an analysis from Scopus con-
sidering only higher public Colombian institutions in three main
parts: scientific production through the years, publication areas
and collaborating institutions, and the collaborative documents
and country networks.

3. Results and Discussion

3.1. Scientific Production. The review analysis of scientific
production was carried out from the Scopus database.
Relevant information was extracted from each public in-
stitution only in Colombia, considering all the publications
found in Scopus (it means 100% of the scientific productions
and authors up to December 2021). Figure 3 shows the
number of documents published by the 32 public institu-
tions of public education in Colombia. Note that the Uni-
versidad Nacional de Colombia has the most significant
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FIGURE 3: Colombian institutions by the number of authors and documents (scientific production).

number of published documents considering that this
university is one of the first officially founded universities in
Colombia [53].

From Figure 3, it is possible to observe that, in Colombia,
the public universities with the largest number of authors or
researchers are the ones that publish the most scientific
articles in Scopus, which confirms H1. The public univer-
sities of Colombia with the greatest human capital are the
most scientifically productive. This agrees in part with the
results obtained in the investigation carried out by Ariaz-
Perez et al. [54] which analyzed the relationship between
intellectual capital management and the performance of
research groups in public and private universities in
Colombia. It concludes that, in Colombia, there is a tradi-
tional approach to the management of intellectual capital
that is carried out indirectly, evaluating indicators in terms
of human capital such as the number of doctors or full-time
professors, terms of structural capital, financial resources,
and a number from undergraduate and graduate academic
programs, scientific articles, and research groups. Relational
capital, student, or teacher mobility, leaving aside aspects
such as the systematic evaluation of competencies and the
group knowledge inventory and analyzing the existence of a
clear strategy to develop new competencies and acquire new
knowledge.

3.2. Publication Areas and Collaborating Affiliations.
From Table 2 and Figure 2, it is concluded that intellectual
capital is directly related to the quantity and quality of
publications and, therefore, to the number of collaborative
networks that can be generated depending on the areas
related to the academic programs of higher education in-
stitutions. Notice that Tables 2 and 3 show the three main
areas by documents (1, 2, and 3) considering the information
provided by Scopus about each institution.

On the other hand, the documents by area and collab-
orating affiliations of all higher education institutions in
Colombia are summarized in Table 3. Three main areas of
the institution were highlighted in different colors
depending on the knowledge area, such as medicine (blue),
agricultural and biological science (green), engineering
(orange), computer science (purple), physics and astronomy
(pink), and others in a low rate of appearances such as
veterinary, chemistry, arts and humanities, social sciences,
business and management, environmental sciences, math-
ematics, psychology, and biochemistry. As was observed, the
institutions present a change in the three areas due to the
different academic programs and the impact in the region,
published mainly in English (80%) and Spanish and Por-
tuguese (20%).

Specifically, in the case of the 31 public universities in
Colombia, 45,029 articles/books have been published by
9,758 authors in the following journals with greater fre-
quency of appearance and quality: Journal of Physics
Conference Series, Espacios, Dyna Colombia, Boletin de
Investigaciones Marinas y Costeras, Acta Biologica
Colombiana, Revista Facultad de Medicina, Revista de Salud
Publica, Informacion Tecnologica, Revista Mvz Cordoba,
ACM International Conference Proceeding Series, Com-
munications In Computer And Information Science, Revista
Iberica de Sistemas y Tecnologias de Informacion (RISTI),
Proceedings of SPIE: the International Society for Optical
Engineering, Biomedics, Zootechnics, Communications in
Computer and Information Science, and Psychological
Medicine.

Considering the 100% of the total published articles by
the different main areas from the Scopus database by the 32
public universities in Colombia, 53% of the publications
represent 44% of the total authors of Colombia which
Universidad Nacional de Colombia has developed. Uni-
versidad de Antioquia and Universidad del Valle are ones of
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TABLE 2: Publication areas and collaboration of the universities in Colombia.
Documents by o § S b Collaborating A b
University ID area 0 ITOm SCOPUS BY 4 ffliations mount by
area collaboration
1 2 3 1 2
Universidad Nacional de Colombia UNC 3881 3360 1957 56.3 777 621 510 1908
Universidad de Antioquia UA 5288 2294 1913 57.5 681 517 463 1661
Universidad del Valle uv 2521 1406 1311 60.6 271 234 228 733
Universidad Industrial de Santander UIS 1125 1029 943 53.1 230 174 137 541
Universidad de Cartagena ucC 1072 284 278 56.7 182 93 85 360
Universidad Distrital Francisco José de Caldas UDFJC 922 781 518 68.5 329 63 59 451
Universidad Tecnologica de Pereira UTP 735 623 331 45.0 173 121 94 388
Universidad del Cauca UDC 797 510 345 58.0 146 74 55 275
Universidad de Caldas UDCS 493 487 215 57.7 194 87 81 362
Universidad Militar Nueva Granada UMNG 599 454 342 49.4 168 166 76 410
Umver31.dad Pedagodgica y Tecnologica de UPTC 341 304 279 58.0 227 56 46 329
Colombia
Universidad del Atlantico UDA 214 186 182 52.8 160 78 74 312
Universidad de Coérdoba UDCA 444 192 171 55.8 69 57 56 182
Universidad del Quindio UuQ 279 196 196 54.5 87 61 55 203
Universidad del Tolima UDT 385 159 149 82.2 60 58 45 163
Universidad del Magdalena UDM 408 167 124 50.2 102 51 32 185
Universidad Francisco de Paula Santander UFPS + UFPSO 409 144 83 59.7 44 39 33 116
Universidad de Narifio UDN 261 113 105 50.5 67 41 34 142
Universidad de Pamplona UDP 124 107 105 56.7 57 55 35 147
Universidad Surcolombiana uUsS 171 162 74 64.0 67 24 22 113
Universidad de Sucre UDS 222 86 81 45.8 57 44 29 130
Universidad de Los Llanos UDLL 171 60 45 57.0 38 15 14 67
Universidad Popular del Cesar UPC 114 92 89 47.5 32 20 15 67
Universidad Pedagdgica Nacional UPN 159 55 42 49.3 35 14 10 59
Universidad de La Guajira UDLG 78 74 63 67.4 32 20 19 71
Universidad Nacional Abierta y a Distancia UNAD 46 43 39 53.5 36 14 13 63
Universidad Colegio Mayor de Cundinamarca UCMC 116 33 18 47.6 81 73 59 213
Universidad de La Amazonia UDLA 67 46 13 57.8 22 15 9 46
Universidad de Cundinamarca UDC 33 24 21 56.7 20 9 8 37
Universidad Tecnologica del Chocd UTDC 19 6 3 63.2 6 4 4 14
Universidad del Pacifico UDP 14 5 4 68.9 6 2 2 10

Note: the documents and collaborative affiliation by area are described in Table 2.

the eldest institutions in Colombia (central and west area,
which are strategics zones for different industrial sectors)
where the number of programs is in growth and the gov-
ernmental economic aids to improve the institutions and
therefore had the most representative amount of researchers
by different areas.

Notice that, from the collaborating affiliations of the 32
institutions in Colombia, the Universidad Nacional de
Colombia, Universidad de Los Andes, and the Universidad
de Antioquia are the most collaborative institutions ana-
lyzed. Still, Universidad de los Andes is a prestigious private
institution in Colombia that collaborates with various public
institutions. It is evident regarding the collaboration with
international higher education institutions as Harvard
Medical School, Universidad de Castilla-La Mancha, Uni-
versidade de Sao Paulo-USP, University of Oklahoma,
University of Florida, Universidade Federal de Mato Grosso,
and Instituto Politécnico Nacional mainly.

According to Departamento Administrativo Nacional
de Estadistica (DANE Colombia), the main growth areas
of the economy is based in the financial sector (20%),
service sector (15.3%), commerce sector (12%), industrial

sector (8.3%), mining and oil sector (8%), construction
sector (6.9%), the agricultural sector (6%), and the elec-
tricity and gas sector (2.6%). Notice that is evident the
contribution of the Colombian public universities to the
development of the areas/sectors of the economy, con-
sidering that are an important point the relationship with
the university-company-government. Notice, as was
previously mentioned, the interest areas of the documents
are agricultural and biological sciences, engineering, and
environmental sciences due to the number of times of
appearance.

From Table 1, is evident that the 80,529 articles were
published mainly in areas of knowledge such as medicine,
agricultural and biomedical, and psychology and as-
tronomy. However, these areas differ according to the
most relevant academic programs of public institutions of
higher education. Furthermore, other areas with fewer
publications, such as environmental science, social sci-
ences, and arts and humanities, among others, are evi-
denced by Scopus database analysis as shown in Figure 4
for the percentage of the relation of the most relevant
subject areas in Colombia.

851807 SUOWIWOD 3AIEaID 3|qedl|dde au3 Aq peusenob are ssjiie YO ‘@SN JO Sa|nu Joj A1 8UIUO /B UO (SUORIPUOD-PUR-SLLBY W™ AB| 1M AR 1[Bu|UO//SHNY) SUORIPUOD Pue SWwie | 83 88S *[G202/50/22] Uo Ariqiauliuo A81iM ‘Iquo|oD aUeiyood Aq 60T6£06/2202/SSTT OT/I0p/W00 A im Areiqijul|uoy/sdny woy papeojumod ‘T ‘2202 ‘265L



Education Research International

TaBLE 3: Summarization of the documents by area and collaborating affiliations.

R D Authors ‘ DOCIIII'ICII;S by area | Collaboratng affiliations -
o Hospital Pablo Tobon Universidad Pontificia
UA Uribe Bolivariana
5288 2294 1913 [ es1 | 517 463
_ Arts and humanities Universidad de Mani- Universidad Auténoma
uDCS zales de i
[ 81
Chemist Universidad Pontificia Universidade de Sao
uc — emistry Bolivariana Paulo - USP
93 85
UDCA — ‘ Universidad de Sucre
7 S A > S AN V7 W AR 57 56
Instituto Nacional de
= Social sciences Psiquiatria Ramon de la | Harvard Medical School
UDC
Fuente
21 9 8
. Environmental R
UDLA — Veterinary science Universidad del Valle
13 22 15 9
Business, Manage- Universidad Popular Universidad de Carta- R h
UDLG — ‘ ment and Acc del Cesar gena Uil D gt
32 20 19
_ Veterina Universidad Industrial
UDLL =V de Santander
358 36 | 1 e 1 4 [ s [ 15 1]
UDN ‘ Universidad del Valle ‘
67 41 34
UDP | Universidad Industrial Universidad De Los Universidad Simén
| de d Andes, Merida Boliva r, Cticuta
57 55 35
Universidad de Cor- Universidad del at-
UDS doba lantico
|22 | s | & | 57 44 29
F— R Universidad del Valle,
UDA — ‘ Universidad dela Costa | Universidad del Norte Cali
160 78 74
. . Universidad de Casti- Universidad del Quin-
uDcC — ‘ Universidad del Valle lla-La Mancha dio
146 74 55
Environmental Universidad Industrial R
UDM — ‘ de N Universidad del Norte
987 167 124 102 51 32
Environmental - el q Autoridad Nacional de | Universidade Federal de
UDP — Science Arts and Humanities | University of Florida Aol yPesca Mato Grosso
20 12 5 4 3 2 2
uQ — ‘ Universidad del Valle ‘ Universidad del Cauca
55
Consejo Superior de
UDT lnvestlga;mnes Cienti-
cas
60 58 45
s Universidade de Sao
w — Universidad de Jaen Paulo - USP
8442 4567 234
. Pontificia Universidad
- - s
59
Universidad del Universidad Militar
UFPS+ — P .
UEPSO Atldntico, Colombia Nueva Granada
33
_ Ecopetrol Universidade de Sao
uls I Paulo - USP
137
o Hospital Militar Pontificia Universidad
UNNG Central, Bogota Javeriana
76
o - \
223 |4 1 4 | 3 [ 3 | 14 13
Pontificia Universidad Cons.e )0 ?uper or de'
— N Investigaciones Cienti-
UNC Javeriana
ficas
3881 3360 1957 510
UPN Social Sciences i Arts and Humanities Psychology
159 55 42
UPTC
Universidad de la
UPC Guajira
| ue 1 9 | & [ x» [ 2 15 ]
Us — ‘ University of Oklahoma
67 24
Fundacion Universita-
ria Auténoma de las Audifarma S.A.
UTP 5
Américas
623 331 173 121 94
i 1 iochemistry, Instituto Politécnico Universidad Jorge
UTDC science Genetics and Mol Nacional Tadeo Lozano
3 6 4 4
Psycholor Harvard Medical P:?Slilita::?a]\l;aacr:orrld‘:ela Institut Municipal
UCMC yehology School a0 dInvestigacio Medica
Fuente
B8] 81 73 59
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FIGURE 4: Percentage of relevant topic areas in Colombia.

Other areas

In Colombia, research on intellectual capital in higher
education institutions corresponds to 18 documents pub-
lished in the Scopus database during the period 2015 to 2021,
of which 4 belong to research carried out in research groups
from public and private universities, evaluating IC topics
related to relational capital, Machiavellianism and organi-
zational narcissism, and scientific production. The other 14
documents were developed on the following topics: effi-
ciency for investment in scientific research; knowledge
generation; structural capital; relational capital; and litera-
ture review in institutions in the Aburra Valley; Universidad
Tecnoldgica y Pedagdgica de Colombia (UTPC); Uni-
versidad Autonoma de Manizales (UNAM); and other
studies do not mention the institution where the research
was carried out.

Figure 5 shows the percentage of the relevance of
public institutions in Colombia. It can be observed that
the Universidad Nacional de Colombia is the institution
that most collaborates with the 31 universities in the
country by around 27%, followed by the Universidad de
Antioquia and the Universidad de Los Andes. In the case
of collaborations, public and private institutions, research
centers, companies, and universities from abroad are
involved. Other national institutions include the Uni-
versidad del Atlantico, the Universidad Pontificia Boli-
variana, the Universidad del Norte, and the Universidad
del Valle mainly, and internationally, with Harvard
Medical School, University of Oklahoma, and the Na-
tional Polytechnic Institute.

Agricultural and Biological Science

3.3. Collaborative Documents and Country Networks.
Figure 6 shows the percentage of collaborative documents of
universities in Colombia with others at the international and
national levels considering the data and graphs for each
Colombian university from the Scopus database (32 in total).
It is observed that the means is around 68%, where the UA,
UDCS, UDC, UDLL, UDN, UDS, UDP, UDT, UDFJC,
UFPS + UFPSO, UNNG, UPN, US, UTP, UTCD, and
UCMC are in the group by above average (51.61%) and the
other institutions under the average. This behavior partly
depends on the number of researchers and full-time teachers
in the institution, as was evidenced previously. Notice also
that the number of articles related to the areas depends on
the intellectual capital and the different aspects of IC
schemes, which indicates that H2 is confirmed.

On the other hand, in Colombia, the study of the in-
fluence of intellectual capital on scientific production and
disseminating knowledge has occurred to a lesser extent, as
shown in Figure 7. Research has been carried out inde-
pendently since the 80s and 90s, thanks to the rise of in-
formation and communication technologies.  Still,
articulation is not visualized in said study variables. Si-
multaneously, in higher education institutions, there is an
absence of documents published on said topics studied,
reflecting a lack of interest in the national scientific com-
munity [4]. The behavior of collaboration between institu-
tions is evidenced in Table 2. This way observed how the
countries of the institutions collaborate concerning
Colombia universities with others.

851807 SUOWIWOD 3AIEaID 3|qedl|dde au3 Aq peusenob are ssjiie YO ‘@SN JO Sa|nu Joj A1 8UIUO /B UO (SUORIPUOD-PUR-SLLBY W™ AB| 1M AR 1[Bu|UO//SHNY) SUORIPUOD Pue SWwie | 83 88S *[G202/50/22] Uo Ariqiauliuo A81iM ‘Iquo|oD aUeiyood Aq 60T6£06/2202/SSTT OT/I0p/W00 A im Areiqijul|uoy/sdny woy papeojumod ‘T ‘2202 ‘265L



Education Research International

58%

11

[ Universidad Nacional de Colombia

[ Universidad de Antioquia
Universidad de los Andes
Other institutions

FIGURE 5: Percentage of relevant institutions by collaborations in universities in Colombia.

According to Tables 2 and 3 and Figures 5-7, the
Colombian public universities that have more strengths in
intellectual capital (human capital, structural capital, and
relational capital) are the most frequently ones belonging to
networks of scientific collaboration through cocitation with
researchers at the national and international level, which
confirms H2—the quantity and quality of the intellectual
capital of public universities in Colombia positively and
significantly influence national and international scientific
collaboration.

According to the literature review carried out in different
bibliographic sources, it became necessary to analyze the
influence of scientific production from human capital,
structural capital, and relational capital as its three main
components, where no publications were found either.
Therefore, it was necessary to break down these capitals in
subvariables as follows.

Regarding the influence of human capital in the dis-
semination of knowledge through the labor mobility sub-
variable that is part of the said human capital, Maliranta and
Nurmi [55] carried out a study in Finland through the
Finnish longitudinal owner-employer-employee database
(FLOWN), demonstrating that the dissemination of
knowledge is carried out through the labor mobility of
owners and employees, as well as corroborating that a
business owner’s high education in a technical field is
positively related to business performance.

In affinity to the above, human development is also a
subvariable of human capital that influences the dissemi-
nation of knowledge. Asongou and Nwachukwu [36] con-
ducted a study in sub-Saharan Africa where they found that

the dissemination of knowledge influences or conditions in
human development through mobile phones, analyzing the
complementary role of the diffusion of knowledge in the
inclusive benefits of the penetration of mobile telephony in
sub-Saharan Africa from 2000 to 2012 through the use of the
generalized method of moments.

In the same way, relational capital influences the dis-
semination of knowledge through the subvariable of
knowledge networks that is part of the said relational capital.
In this sense, Xiao et al. [56] carried out a bibliometric
analysis to determine the index of inductive citations in the
diffusion patterns and knowledge networks in the economic,
geographic, environmental, and sociocultural domains of
tourism research through knowledge networks typically
integrated into the patterns of knowledge coauthorship of
the main sources. On the other hand, the effects of policy-
induced knowledge networks on the propensity for cross-
regional patent citations in the same country or continent in
a general way. Finally, in correspondence with what was
stated above, the social network is also a subvariable of
relational capital that influences the dissemination of
knowledge, Maghssudipour et al. [38] showed that economic
and social network ties positively affect knowledge diffusion.

3.4. Incidence of the COVID-19 Pandemic on Intellectual
Capital and Scientific Production. The COVID-19 pandemic
has exposed the importance of intellectual capital in higher
education institutions, through human capital made up of
teachers, students, and support staff in relation to curricular
innovation in the educational process; structural capital in
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FIGURE 6: Percentage of collaborative documents of universities in Colombia.
e virtually. Finally, it is concluded that educational institutions
b have intellectual capital for creating and disseminating
“&* knowledge imparted by virtual means due to COVID-19. A
similar study was developed by Milicevic et al. [58] for the
engineering and technology area and the influence of virtual
education on intellectual capital, concluding that the digital
Rpesi era had an important scenery on the human capital,
uniteg{3tates . . . . .
/ structural capital, and relational capital in the pandemic
4 situation generated by the COVID-19 and the development
e s fospa of the higher institutions.
= o Ng F. [59] studied university survival, recovery, and
o revolution due to the COVID-19 pandemic through intel-
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FiGure 7: Networks of collaborations by countries. Source: [4].

relation to virtual learning platforms; and relational capital
that consists of communication between all the actors
through the use of virtual learning platforms to counteract
the confinement in said health emergency throughout the
world, as shown by the following studies.

The research carried out by Fernandezet al. [57] analyzed
synchronous and asynchronous learning in 655 students
during the COVID-19 pandemic, supported by intellectual
capital in India. The results showed that synchronous
learning in the students is stressful. Also, this practice de-
mands greater responsibility, supported by intellectual
capital in the educational process through human capital
made up of teachers, students, and support staff about
curricular innovation in the educational process and
structural capital, especially in virtual learning platforms. On
the other hand, technological equipment such as cell phones,
iPad, computers, and relational capital that consists of
communication between all actors using virtual learning
platforms, which occurs online due to confinement in the
COVID-19 health emergency, was also identified as cur-
rently universities are prepared to offer their services

lectual capital and analyzed the limitations of accounting
and financial information in a university during the health
emergency. The results obtained reveal that intellectual
capital in universities is the primary source of dissemination
of knowledge in the provision of educational services and
therefore contributes significantly to the survival of the
institutions. In addition, it considerably influences the re-
covery from the educational crisis. Furthermore, the
COVID-19 pandemic is revolutionizing face-to-face edu-
cation to virtual university education, adapting to the needs
of students in a hybrid education and the importance of
intellectual capital, and finally accounting measures of the
impact of the health crisis. Rancan et al. [60] analyzed the
initiation programs of Brazilian academic scientific pro-
duction and the impact of the COVID-19 pandemic in its
many aspects, concluding that the said production is in a
survival situation in the face of the new problems and
challenges resulting from the COVID-19 pandemic. For this
reason, the scientific initiation of researchers is less stim-
ulating. Moreover, Abramoet al. [61] argue that the COVID-
19 pandemic and confinement brings with it negative effects
which have generated a general slowdown in research and
scientific production, due to spending on research and
development (R&D) and economic growth. Therefore, the
stagnation of scientific research also slows down the
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recovery from the pandemic worldwide. In the same way, it
was shown that scientific production is uneven according to
gender because in few countries, women increased their
scientific production, while men were more scientifically
unproductive. Another important study on the effects of
COVID-19 on scientific production was published by Ortiz-
Martinez et al. [62] who concluded that the COVID-19
pandemic has negatively affected international scientific
production at all levels in some countries with a protracted
decline in research and scientific production, but in other
countries, it has increased significantly.

4. Conclusions and Trends

Empirical studies on intellectual capital have been mainly
developed with a measurement approach. However, par-
ticularly in higher education institutions in Colombia,
studies on intellectual capital are scarce, and therefore, it is
recommended to carry out future studies where other ap-
proaches are analyzed, such as the relationship of intellectual
capital with other study variables such as scientific pro-
duction, knowledge management, and innovation in
organizations.

This study provides information about all scientific
production developed by the higher public Colombian
universities, data that were collected directly from the
Scopus database. The information was analyzed using Excel
software and data obtained from Scopus containing the data
o0f 44,761 documents which involucrate three main areas and
relations with three countries such as Mexico, Spain, and the
United States of America.

Colombian scientific production is associated with 31
public universities, representing 80,529 scientific products
published by 44,761 authors in three relevant subjects: ag-
ricultural and biological sciences, physics and astronomy,
and medicine. The data obtained show that 56.61% of the
universities are above average. This behavior depends on the
number of full-time researchers and professors, the physical
and technological infrastructure, and the relationships with
their stakeholders that the institutions have related to in-
tellectual capital, which indicates that H1 is confirmed: the
public universities of Colombia with the highest human
capital are the most scientifically productive because Fig-
ure 2 shows that, in Colombia, the public universities with
the highest number of authors or researchers are the ones
that publish the most scientific articles in Scopus.

Due to COVID-19, digital tools provide great sources
and take place an essential scenery on the human capital,
structural capital, and relational capital in the development
of scientific production and new strategies for improving the
practices in higher education in the different areas.

Considering the 100% of the total published articles by
the different main areas from the Scopus database by the 32
public universities in Colombia, 53% of the publications
represent the 44% of the total authors of Colombia, which
Universidad Nacional de Colombia has developed, Uni-
versidad de Antioquia and Universidad del Valle, which are
some of the largest and oldest universities in Colombia,
located in the central and western areas, which are strategic
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areas for the financial, service, commercial, and industrial
sectors, indicating that H2 is confirmed.

The quantity and quality of intellectual capital (IC) are
related to the size of the universities and to scientific
publications, which are directly associated with the quan-
tification and qualification of the intellectual capital (IC)
working in Colombia public universities. In this way, it is
established that the greater the number of authors, the more
significant the increase in publications will be substantial to
their number, which represents a greater collaboration with
other researchers from the same university and from other
national and international universities, indicating that H2 is
confirmed: the quantity and quality of the intellectual capital
of public universities in Colombia positively and signifi-
cantly influence national and international scientific col-
laboration. Taking into account tables and figures plotted, it
is evident that the Colombian public universities that have
more strength in intellectual capital (human capital,
structural capital and relational capital) are those that fre-
quently belong to scientific collaboration networks through
cocitation with researchers at the national and international
level.

The limitations of this study are focused on the use of
only the Scopus database of excellent academic and sci-
entific prestige due to its wide coverage in the publication
of scientific articles, with information from which the data
were statistically analyzed. Also, in the open literature,
other databases can be used to develop this kind of review
of information. Furthermore, Colombia country was se-
lected due to the lack of research focused on scientific
production in universities. Therefore, this study can be
used and focused on other countries, and different results
will be obtained.

Future research on this topic of study could focus on
determining intellectual capital in other institutions such as
private universities and government agencies and consid-
ering the association of intellectual capital with other study
variables such as knowledge management, innovation, and
organizational learning. Likewise, it proposed to carry out
tuture research on intellectual capital as a strategic resource
in universities due to its focus on creating and disseminating
knowledge, which enables the generation of value and
competitive advantage and its importance in decision-
making for all types of organizations.
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