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Abstract

This article analyses scientific publishing trends in engineering in Colombia during the decade from 2010 to 2019. Methodology: All
publications classified under engineering affiliated to a Colombian institution in Scopus database were selected. Number of publications,
citations, self-citations as well as H indexes were collected for the country’s top researchers and institutions. Results: Universidad Nacional
de Colombia and Universidad de Antioquia have the highest overall research outputs. However, Universidad de los Andes has a higher
output in engineering publications than Universidad de Antioquia. Universidad de los Andes and Universidad Nacional de Colombia had
the highest growth in engineering publications during this decade. Conclusions: Colombia’s engineering scientific output grew 80% during
this decade. Authors with high number of publications were not necessarily affiliated to the universities with higher scientific output.

Keywords: engineering research; bibliometrics; national bibliography.

Analisis bibliométrico de publicaciones en ingenieria en Colombia,
2010-2019: un analisis de Scopus

Resumen

Este articulo analiza las tendencias de publicaciones cientificas de ingenieria en Colombia entre 2010 y 2019. Metodologia: Se escogieron
las publicaciones clasificadas bajo ingenieria, de autores afiliados a alguna institucion colombiana, en la base de datos de Scopus. Se
compard el numero de publicaciones, citaciones y autocitaciones de cada autor e institucion, asi como su indice H. Resultados: Las
universidades con mayor produccion cientifica son la Universidad Nacional de Colombia y la Universidad de Antioquia, no obstante, la
produccion de ingenieria la Universidad de los Andes sobrepasa en nimero de publicaciones a la Universidad de Antioquia. Las
instituciones con mayor crecimiento en niimero de publicaciones de ingenieria fueron la Universidad de los Andes y la Universidad
Nacional de Colombia. Conclusiones: La produccion cientifica de ingenieria en Colombia ha aumentado un 80% en el tltimo decenio. Los
autores con mayor numero de publicaciones no necesariamente estan afiliados a las universidades con mayor produccion cientifica.

Palabras Clave: investigacion en ingenieria; bibliometria; bibliografia nacional.

1. Introduction

Institutionalizing  science to achieve economic
development in Latin American countries has been up for
discussion for the last 20 years [1]. There are several reasons
for emerging countries like Colombia to show research
interest, which has created a competitive culture that
contributed, in turn, to boost innovation, both of which
stimulate economic growth [2]. Moreover, research may

directly impact population health, influence government
politics, and decisions in topics related to health and the
environment, and constitute the first step towards building
new processes that allow sustainable growth [3].

Engineering is an area of knowledge of economic interest,
and consequently, of strategic importance. Investment in
engineering research has proven to have up to a 30% rate of
return [4]. However, Colombia invests less than 1% of its GDP
in research and development [5]. The country is currently
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investing in increasing this Figure to 1.5% in the next years [6].

Science can be defined as what is published in academic
journals, and scientists would, therefore, be those who
collaborate in publishing [7]. Though this is not the only
definition, it shows how relevant scientific publications are to
science. They enable scientists to exchange information
throughout the scientific community and enables the community
to quantify its research, researchers, and responsible entities by
describing their scientific production [§].

On the other hand, bibliometrics uses statistical methods to
analyze information related to publications and journals and,
therefore, constitutes an adequate way to measure investment in
science and the amount of research conducted in a country or an
institution. For these reasons, there is an interest in studying
engineering scientific publications in Colombia and performing
a bibliometric analysis, as it grants an opportunity to contrast the
amount of research done by different academic institutions in
Colombia. This analysis aims to understand the publishing trends
in engineering in the country, as well as to underpin where this
knowledge is being produced to consequently set the foundation
over which objective decisions can be made.

2. Methodology

A descriptive retrospective bibliometric analysis was made
on the topic of engineering during the 2010-2019 decade. With
this objective in mind, there is a wide variety of tools to be used.

2.1 Database selection

The literature review shed some light on the effectiveness
of using databases in systematic scientific publication search

19,843, compared to the 14,519 publications found in Web
of Science and the 1,396 in Biefeield Academic. Scopus has
approximately 27% more publications that meet the criteria
mentioned above than Web of Science and 93% more than
Biefield Academic. Therefore, Scopus has shown to have a
wider representation of the scientific publications of interest
and was the study's tool.

2.2 Information collection process

In Scopus, the scientific publications were filtered by
publication year between 2010-2019. Initially, they were also
filtered by the engineering field of study to compare publishing
trends in Latin America. Later, the field of study filter was
replaced by country affiliation. Hence, the publications were
limited to those published by researchers affiliated with any
Colombian institution. Once those parameters were established,
the institutions in all areas of knowledge were studied. Finally, the
publications were filtered once again by the engineering field of
study, the results were also analyzed.

Additionally, information regarding the authors meeting
the criteria was also collected—specifically, the H index and
the self-citation index. The self-citation index was calculated
by dividing the number of self-citations by the number of
total citations.

Table 1.
Latin American countries with the highest number of scientific publications
on engineering during 2010-2019. Total number of publications since the
record began. Number of publications during the decade. Percentage of the
decade's publications considering the total amount of publications.

Total number  Number of scientific
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Figure 1. Publishing trends of the five Latin American countries with higher number of scientific publications in engineering.

Source: Elaborated by the authors.
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Figure 2. Colombia, Chile, and Argentina's publishing trends in engineering.

Source: Elaborated by the authors.

3. Results

According to Scopus, there were 5,922,319 publications
in engineering during the 2010-2019 decade. Table 1 presents
the number of scientific publications on engineering during
this decade in each of the top 10 publishing countries in Latin
America. Similarly, Fig. 1 presents the five countries'
publishing trends with the highest number of engineering
publications in Latin America. In Fig. 2, Mexico and Brazil
were filtered out to see Colombia's publishing trend in detail.

Colombia reports 121,801 scientific publications in
Scopus, out of which 19,843 (16.3%) were indexed under
engineering. Table 2 exhibits the top 10 universities with the
highest number of publications in all fields of study in 2010-
2019. Likewise, Table 3 presents the 20 universities with the
highest number of scientific publications indexed under the
engineering field of study.

Table 2.

Colombian universities with the highest research output in all fields of study;
publications during the 2010-2019 decade; and the percentage this figure
represents of the total output.

Total number Scientific
University of scientific publications %
publications 2010 - 2019

Universidad

1 Nacional de 25,362 19,278 76.0
Colombia

,  Universidadde 13,489 9,857 73.1
Antioquia

3 Universidad de los 10,798 8.366 775
Andes

4 Universidad del 7.682 4832 62.9
Valle
Pontificia

5 Universidad 6,047 4,766 78.8
Javeriana
Universidad

6 Industrial de 4,700 3,577 76.1
Santander

7 Universidad del 3,175 2,673 84.2
Rosario
Universidad

8 Pontificia 2,716 2,232 82.2
Bolivariana

9 Universidad del 2,478 2117 354
Norte

jo Universidad de 2,021 1,738 86.0
Cartagena

Source: Elaborated by the authors.
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Table 3.

Colombian universities with the highest number of scientific publications in
engineering; total number of publications in engineering, publications in
engineering during the 2010-2019 decade, and the percentage this figure
represents of the total output.

Number of
Total publications
University number of during the %
publications 2010-2019
decade
1 Unlver51daq Nacional 5.001 3952 79.0%
de Colombia
Universidad de los o
2 Andes 1,922 1,527 79.4%
Universidad de o
3 Antioquia 1,644 1,267 77.1%
4 Universidad del Valle 1,293 967 74.8%
Universidad Industrial o
5 de Santander 919 718 78.1%
Universidad o
6 Pontificia Bolivariana 736 o83 77.1%
7 Universidad del Norte 630 537 85.2%
Universidad del
8 Distrito Francisco 627 571 91.1%
José de Caldas
Pontificia o
? Universidad Javeriana 609 527 86.5%
10 Universidad EAFIT 594 508 85.5%
jp  Universidad . 542 450 83.0%
tecnologica de Pereira
12 Universidad Militar 499 459 92.0%
Nueva Granada
3 Universidad del 449 361 80.4%
Cauca
14 Umxermdad Antonio 410 391 95.4%
Narifo
Instituto Tecnologico o
15 Metropolitano 359 337 93.9%
Universidad
16 Auténoma de 270 222 82.2%
Occidente
17 Universidad de la 241 201 83.4%
Costa
Universidad
jg  Pedagigicay 235 203 86.4%
Tecnologica de
Colombia
Universidad de o
19 Cartagena 201 192 95.5%
Universidad
20 Tecnologica de 195 187 95.9%
Bolivar

Source: Elaborated by the authors.



Gomez-Rosselli & Rosselli /Revista DYNA, 88(216), pp. 9-14, January - March, 2021

85%
w 80%
C

75%

~
N
N

% Engineer

65%

60%

60% 65% 70%

—&— Universidad Nacional de Colombia

—&— Universidad del Valle

Universidad de Antioquia

75% 80% 85%

% All areas

—&— Universidad de los Andes

Universidad Industrial de Santander

Figure 3. Comparison between the growth in publication output in engineering during the 2010-2019 decade and the total scientific output during the same

decade for the five universities with the highest output in engineering.
Source: Elaborated by the authors.

600

500

400

300

200

100

Number of publications

e
0 hs ——_ P

2000 2002 2004 2006 2008

=¢="U. Nacional

U. de los Andes === U. de Antioquia

N 4

7<

2010

2012 2014 2016 2018

=>e=J. del Valle uls

Figure 4. Publishing trends in the five universities with the highest publication output in Colombia.

Source: Elaborated by the authors.

Fig. 3 represents the percentages from Table 3 graphed
against the percentages from Table 2 for the five universities
with the highest publication output in engineering.
Additionally, a trend line was added, which illustrates where
the institutions should be placed if both values were the same.

Fig. 4 presents the publishing trends for the five universities
with the highest research output during 2010-2019.

Table 4 also presents the 40 authors with the highest number
of engineering publications in the 2010-2019 decade, who were
also affiliated with a Colombian institution and whose identity
was fully disclosed. Table 4 also presents the institution to which
each of the authors was affiliated, the number of indexed
publications under engineering in the given decade, the number
of citations received, their H index, and the self-citation index.

4. Discussion
Table 1 shows that Colombia belongs to the top 5 Latin

American countries with the highest scientific output in
engineering. During this decade, Colombia published 80% of its

12

average scientific publications in its entire history, so it became
the second country with the highest publishing growth, after
Ecuador. Figure 1 shows Brazil ahead compared to the rest of the
Latin American countries, followed by Mexico. As shown in
figure 2, Colombia published a lower amount of papers than Chile
and Argentina during 2000-2010; nevertheless, after 2011,
Colombia started to publish more than these countries. And, up to
2019, this trend has not stopped, except for 2016, when Chile
surpassed Colombia by 70 publications.

When comparing Tables 2 and 3, the ranking of
Colombian institutions in all areas of knowledge does not
correspond with the order for engineering publications;
changes start in the second position. Nevertheless, the
publishing percentage remains above 60% for all institutions
in all study fields and above 70% in engineering publications.
This trend may indicate a higher overall growth in the
number of engineering publications as compared to "all the
fields of study" publications. This can be seen in Figure 3
when comparing the growth in the number of publications for



Table 4.

Top engineering researchers affiliated with a Colombian institution during the 2010-2019-decade, institution to which they are affiliated, number of indexed
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publications under engineering, number of citations, H index for those publications, and self-citation index.

Name Publications Affiliation Citations H index Self-citation Index (%)
1 Duque, C.A. 87 Universidad de Antioquia 677 11 28.1%
2 Arquello, H. 86 Universidad Industrial de Santander 510 10 51.0%
3 Quijano, N. 84 Universidad de los Andes 786 16 37.0%
4 Ramos-Paja, C.A. 81 Universidad Nacional de Colombia 1452 18 21.2%
5 Romero, E. 63 Universidad Nacional de Colombia 73 4 31.5%
6 Sanchez-Silva, M. 62 Universidad de los Andes 709 13 27.1%
7 Castellanos-Dominguez, G. 62 Universidad Nacional de Colombia 263 8 34.2%
8 Garces, A. 59 Universidad Tecnologica de Pereira 532 14 31.4%
9 Montoya, O.D. 58 Universidad Tecnologica de Bolivar 254 10 76.4%
10  Ramos, G. 57 Universidad de los Andes 251 7 38.6%
11 Garcia-Sucerquia, J. 53 Universidad Nacional de Colombia 329 9 31.0%
12 Escobar, F.H. 52 Universidad Surcolombiana Neiva 141 6 70.9%
13 Cardona, C.A. 51 Universidad Nacional de Colombia 460 12 37.0%
14  Pavas,A. 51 Universidad Nacional de Colombia 130 6 65.4%
15  Caro, S 50 Universidad de los Andes 442 12 31.2%
16  Aperador, W. 46 Universidad Militar Nueva Granada 157 7 42.0%
17  Cano-Plata, E.A. 44 Universidad Nacional de Colombia 107 5 43.0%
18  Azhmyakov, V. 43 Universidad EAFIT 129 7 79.1%
19  Colorado, H.A. 42 Universidad de Antioquia 219 8 50.7%
20  Patino, D. 41 Pontificia Universidad Javeriana 130 6 25.4%
21  Ruiz, F. 40 Pontificia Universidad Javeriana 158 7 46.8%
22 Angulo, F. 37 Universidad de Cartagena 120 6 27.5%
23 Carrillo, J. 36 Universidad Militar Nueva Granada 126 5 35.7%
24 Mojica - Navaja, E. 36 Universidad Nacional de Colombia 287 8 26.8%
25  Vinck-Posada, H. 36 Universidad Nacional de Colombia 128 6 71.1%
26  Bustamante, J. 35 Universidad Pontificia Bolivariana 72 5 25.0%
27  Coronado, J.J 35 Universidad del Valle 339 13 16.2%
28  Loépez-Lenzema, J. M. 35 Universidad de Antioquia 170 5 25.3%
29  Ustariz-Farfan, A.J. 34 Universidad Nacional de Colombia 53 5 62.3%
30  Viloria, A. 32 Universidad de la Costa 50 3 72.0%
31  Acevado, D. 31 Universidad de Cartagena 83 5 47.0%
32 Chejne, F. 31 Universidad Nacional de Colombia 264 9 18.6%
33  Collazos, C.A. 31 Universidad del Cauca 135 6 35.6%
34  Espinosa,J. 31 Universidad Nacional de Colombia 189 6 28.6%
35 Ramos, G.A. 31 Universidad Nacional de Colombia 237 8 25.3%
36  Roa-Rojas, J. 31 Universidad Nacional de Colombia 89 5 43.8%
37  Caicedo, B. 30 Universidad Nacional de Colombia 67 5 35.8%
38  Dobrosz-Gomez, 1. 30 Universidad Nacional de Colombia 117 6 34.2%
39  Montoya-Torres, J.R. 30 Universidad de la Sabana 398 10 15.1%
40  Tobon, J.I. 30 Universidad Nacional de Colombia 342 10 13.2%

Source: Elaborated by the authors.

other fields of study with the growth of engineering
publications during the same decade. This Figure clearly
shows that the five universities with the highest scientific
output have had higher engineering growth than in their
overall publications. This trend can be seen at Universidad
del Valle, which had considerable engineering growth over
their overall publications (11% deviation compared to the
trendline).

In the bibliometric analysis of scientific production of
1997-2009 conducted by Rojas-Solas, Universidad Nacional
was pinpointed as the institution with most engineering
scientific publishing in Colombia. In those days, their
publications represented 49% of the country's total
engineering publications [10]. Although Universidad
Nacional is still leading Colombia's scientific output, its
participation has decreased due to new participants' entry. In
figure 4, Universidad Nacional is the institution with the
highest growth in scientific production, followed by
Universidad de Los Andes, whereas Universidad de Los
Andes had the highest growth during the last decade.
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Regarding the authors in table 4, those with the highest
number of publications do not necessarily belong to the entities
with the highest publication output showed in table 3.
Additionally, the authors with the most publications do not
necessarily have the highest number of citations or H index
reports since many publications can be related to research on a
broad number of topics [11]. On the other hand, the authors with
a high number of citations do not necessarily have the highest H
index, which may be linked to frequent participation in joint
publications with a low number of citations [12] since the H
index is benefited by a high number of low-to-mid impact
publications over a low number of high impact publications [8].

The self-citation indexes in Table 4 are ranged from 13% to
79%; nonetheless, it is difficult to dismiss the possibility that some
of the authors with a high self-citation index work in lines of
research with less information, which would demand work over
their own scientific production, and thus, they would be forced to
self-cite their work. Nevertheless, some authors' possibility of
taking advantage of their position as research group leaders to
increase their number of citations is not discarded [13,14].
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5. Conclusions

Engineering research in Colombia has proved to have a
growing trend, both in the relative number of publications and
the overall national scientific production. This trend has shifted
from previous years, mainly due to investment from the public
and private sector, such as universities, as well as Colciencias
and now the Ministerio de Ciencia y Tecnologia [15], which
allowed Colombia to be positioned as a benchmark of research
in Latin America. However, the country continues to rank in the
53rd position in the worldwide benchmark, which is currently
led by countries such as the United States, China, Japan, the
United Kingdom, and Germany. Despite being labeled as an
adequate search tool, Scopus presented problems when
searching for authors affiliated to specific regions. For example,
some authors may not have any affiliation to the region, and
hence their identifications were not provided at first by the
search machine. Special data treatment is advisable for such or
any other cases.

Additionally, it is worth mentioning Universidad
Nacional's decrease in its representation in the country's
overall scientific output is caused mainly by the increasing
growth of other entities' scientific output, even though it still
leads in research growth in the topic of engineering.

For future research, given the above, it is advisable to
study further the impact of Colombian researchers and
entities' publications.
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