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Abstract. In view of the predominance of Information Technologies in different
contexts, it is known that the use of software and data in the field of scientific
research has increased; however, it is not possible to clearly determine the envi-
ronment and the use given to them. The present study proposes a bibliometric and
content analysis of publications with Ecuadorian affiliation, which allows us to
recognize the characteristics and context of the use of software as a work tool. The
study was developed in four stages: selection of documents, bibliometric analysis,
network analysis and content analysis. A total of 4028 documents were extracted
from the WoS and Scopus databases, analyzing 117 at the content level. Among
the main tools used were R Studio, VOSviewer and QualCoder. Among the insti-
tutions generating this production are the Universidad Politécnica ESPOL, the
Universidad Politécnica Salesiana and the Universidad de las Fuerzas Armadas
ESPE. There is a high rate of collaboration with Spanish authors. Finally, the
studies are strongly oriented towards “Professional, scientific and technical activ-
ities”, are of the “Experimental” type, and have mainly referred specifically to
proprietary software.
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1 Introduction

Today’s environment is dominated by Information Technology (IT). Specialists have the
central task of strategically and accurately identifying those areas that can potentially
improve their efficiency, with the support offered by hardware, software or new IT-related
value-added services [1].

In the field of scientific research, the use of software and digital data has increased
significantly in recent years. There are many domain-specific peculiarities in the use
of software by researchers; both the amount and the purpose of its application vary
significantly [2]. Unfortunately, although citation standards exist, there is no rigor in
software citation practices in scientific production [3]. This makes automatic detection
and unambiguous removal of software mentions a problem for your study [2].

Bibliometrics provides information on a topic, the trend of future research, criti-
cal points of research, scientific collaborations, among other things [4]. However, it is
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not enough to know only the bibliometric attributes of a subject when conducting a
tecnological assessment, or the assessment of other disciplines [5].

Content analysis is a research technique that provides answers to open-ended ques-
tions. The words and phrases mentioned in a document reflect important contents; how-
ever, they may also involve multiple meanings. Therefore, in order to achieve the reliabil-
ity of this technique, it is necessary to ensure the correct organization of the significant
contents in codes and categories, together with an adequate structuring of the results
of this process [6]. The objective of this research was to carry out a bibliometric study
strengthened with the content analysis of publications with Ecuadorian affiliation, which
allows the recognition of the characteristics and the context of the use of software as a
technological and scientific tool.

2 Methodology

According to the topic of interest to be worked on, a method for the development of the
research is established. Based on the definitions and adoptions of [7] and [8], the scheme
and steps required for the development of a bibliometric study with content analysis are
shown in Fig. 1. Several computer tools were used in the different stages. For document
selection and bibliometric analysis, mainly the R Studio software and the Bibliometrix
package were used. VOSviewer software was used for network analysis and QualCoder
for content analysis.
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Fig. 1. Method for bibliometric study with content analysis

3 Results

The results of the study are organized below according to the four stages defined in the
method, which are: document selection, bibliometric analysis, network analysis, and
content analysis.
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3.1 Selection of Documents

3.1.1 Scan Documents

In February 2023, the records of the scientific production of Ecuador related to software
were consulted from the Web of Science (WoS) and Scopus databases. The word ““soft-
ware” was searched for in the title, abstract and keywords, of the scientific production
of the last ten years, that is, from 2013 to 2022, with the filter by country of Ecuador.
This search generated 1691 results in WoS and 2337 in Scopus.

3.1.2 Curate Search Results

Two filters were added to the extracted documents, the first by “type of document”,
restricting it exclusively to articles, and the second by “type of access”, so that only
open access documents would be shown in the list. Finally, a total of 377 WoS articles
and 450 Scopus articles remained, whose references were exported to files with “.bib”,
“.csv” and “.txt” extensions for further processing.

3.1.3 Documents Profiles

Within the study period from 2013 to 2022, it can be observed that the annual production
recorded is variable, and there is a positive trend (see Fig. 2). The growth rates were: for
WoS 45.74%, and for Scopus 44.81%. The latter database regularly surpasses WoS in
the number of annual papers.
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Fig. 2. Total articles per year for WoS and Scopus

Although the scientific production analyzed was selected with a filter by country of
Ecuador, affiliations from 39 other countries were identified. Due to the filter, Ecuador
heads the list of the country with the highest number of articles. Likewise, the rest of the
countries have a solid international collaboration (inter-country index above 0.50), i.e.
with Ecuador. Spain, USA, Chile and Mexico stand out in terms of number of articles.
See details in Table 1.
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Table 1. Top ten countries by number of articles

WoS Scopus

A B C D E F A B C D E F
Ecuador 217 0.57713 94 123 0.567 Ecuador 208 0.5826 71 137 0.659
Spain 61 0.16223 0 61 1.000 Spain 50 0.1401 0 50 1.000
Usa 14 0.03723 0 14 1.000 Chile 15 0.0420 0 15 1.000
Chile 11 0.02926 0 11 1.000 Usa 11 0.0308 0 11 1.000
Mexico 7 0.01862 0 7 1.000 Mexico 7 0.0196 0 7 1.000
Argentina 5 0.01330 0 5 1.000 Italy 6 0.0168 0 6 1.000
Peru 5 0.01330 0 5 1.000 Argentina 5 0.0140 0 5 1.000
Colombia 4 0.01064 0 4 1.000 Brazil 5 0.0140 0 5 1.000
United 4 0.01064 0 4 1.000 Colombia 5 0.0140 0 5 1.000
Kingdom

Brazil 3 0.00798 0 3 1.000 Cuba 4 0.0112 0 4 1.000

(A) Country (B) Articles (C) Frequency (D) Intra-country collaboration index (E) Inter-country
collaboration index (F) Inter-country relationship.

A total of 1296 different affiliations are reported for WoS and 1262 in Scopus.
Table 2 shows the 10 institutions with the highest number of registered articles. The count
depends on the affiliation of each of the authors involved in a scientific production; due to
this, the list also includes foreign institutions, in addition to the Ecuadorian ones. Among
the Ecuadorian institutions are ESPOL Polytechnic University, Universidad Politécnica
Salesiana, Universidad de las Fuerzas Armadas ESPE, Universidad de las Américas,
Universidad San Francisco de Quito, and Universidad de Cuenca.

Table 2. Top ten institutions by number of articles

WoS Scopus

A B C A B C

Espol Polytech Univ 83 0.02786 Espol Polytechnic University 57 0.02205
Univ Politecn Salesiana 45 0.01510 Univ Politécnica De Madrid 31 0.01199
Univ Fuerzas Armadas Espe 40 0.01342 Univ De Las Américas 30 0.01160
Univ Politecn Madrid 40 0.01342 Univ Fuerzas Armadas Espe 29 0.01121
Univ Cuenca 38 0.01275 Univ San Francisco De Quito 27 0.01044
Univ San Francisco Quito 35 0.01174 Universidad De Cuenca 26 0.01005
Univ Las Américas 26 0.00872 Univ Técnica Particular De Loja 24 0.00928
Univ Politecn Valencia 26 0.00872 Univ Politécnica Salesiana 23 0.00889
Univ Tecn Particular Loja 25 0.00839 Univ Técnica De Manabi 18 0.00696
Univ Tecn Manabi 21 0.00704 University Of California 17 0.00657

(A) Affiliations (B) Number of articles (C) Proportion.
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3.2 Bibliometric Analysis

3.2.1 Bibliographic Coupling

The “Bibliographic Coupling Network Analysis” function of VOSviewer returns the
number of citations received by an author, when using “author” as the unit of analysis
[9]. For the required calculation the default author thesaurus of VOSviewer was used.
Within the selection criteria, the minimum number of documents of an author is defined as
five, and the minimum number of citations of the author’s documents that have received
citations is defined as one.

A total of 1577 authors were obtained in WoS and 1915 in Scopus, of which eleven
and ten meet the specifications in the extracted data, respectively. Figure 3 shows
“Montalvan-Burbano, Nestor” and “Marrero Ponce, Y.* as the authors who most agree
with others, citing one or more articles together, in WoS and Scopus, respectively.

g marref@@once y.
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Fig. 3. Visualization of bibliographic coupling analysis by authors (a) WoS, (b) Scopus

Additionally, the “Bibliographic Coupling Network Analysis” utility is used in
VOSviewer, selecting “Sources” as the unit of analysis; identifying in it the number
of citations received from a source. The items to be obtained were limited to five as the
minimum number of documents from a source, and one for the minimum number of
citations received from a source. The result was 201 and 260 sources, of which fourteen
and thirteen of them meet the guidelines already defined.

Of the sample obtained, thirteen and twelve sources from the two scientific databases
used are strongly connected, being the most representative sources or journals “IEEE
Access”, followed by “Sustainability”, as they show greater size in the circle and its
label, both for WoS and Scopus, see Fig. 4.
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Fig. 4. Analysis of bibliographic coupling by source (journals): (a) WoS, (b) Scopus

3.2.2 Citation Analysis

Due to the filter applied, Ecuador has the highest number of citations by volume of
related articles in the dataset; however, in the average number of citations of articles,
the countries of Armenia, Estonia and Netherlands stand out in WoS, and Sweden, Italy
and United Kingdom in Scopus, see Table 3.

Table 3. Top ten countries by number of citations

WoS Scopus

A B C A B C
Ecuador 988 4.55 Ecuador 1280 6.154
Spain 330 541 Spain 286 5.720
Armenia 192 96.00 Italy 175 29.167
Usa 144 10.29 Chile 122 8.133
Netherlands 119 59.50 Sweden 101 33.667
Estonia 74 74.00 Usa 90 8.182
Chile 71 6.45 Argentina 85 17.000
United Kingdom 63 15.75 United Kingdom 64 21.333
Switzerland 51 25.50 Switzerland 59 19.667
Finland 47 15.67 Finland 58 19.333

(A) Country (B) Total Citations (C) Average Article Citations.

3.2.3 Keyword Analysis

The WoS publications have a total of 1764 keywords suggested by the author (Author’s
Keywords) and in the case of Scopus there are 1888. The keywords associated by the
databases themselves (Keywords Plus) for WoS were 1185 and Scopus 3743. Discarding
the keywords “Ecuador” and “software”, the following terms should be highlighted:

“COVID-19”, “bibliometric analysis”, “human”, “performance”, “article”, “software

engineering”, “system”, “education” and “female”, see Table 4.
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Table 4. Top ten relevant keywords

WoS Scopus

Author Keywords Keywords-Plus Author Keywords Keywords-Plus

A B A B A B A B

Ecuador 15 Software 33 Ecuador 21 Software 91

Software 11 Design 17 Bibliometric 11 Human 83
Analysis

Covid-19 9 Performance 17 Covid-19 9 Article 71

Software 9 System 17 Education 8 Female 64

Engineering

Bibliometric 8 Model 15 Software 7 Ecuador 62

Analysis Engineering

Monitoring 8 Management 14 Telemedicine 6 Humans 56

Cloud Computing | 7 Diversity 11 Co-Occurrence 5 Male 51

Simulation 6 Quality 10 Latin America 5 Adult 42

Analysis 5 Conservation 9 Machine Learning | 5 Controlled 35

Study
Co-Occurrence 5 Identification 9 Simulation 5 Aged 24

(A) Keywords (B) Articles.

3.3 Network Analysis

3.3.1 Co-authorship Analysis

Co-authorship analysis comprises the identification and study of the generation of a link
when two researchers appear in the same publication. As for the co-authorship maps,
whose unit of analysis was the author, the minimum values of choice were defined as
having five documents per author and one author citation, in order to identify the most
visible author (WoS with 1177, and Scopus with 1815). Of which eleven and ten meet
the criteria defined in WoS and Scopus.

From the sample obtained, five authors are strongly connected in WoS and four in
Scopus, from which it is deduced that the node with the largest diameter of the network
refers to the productivity per author; as well as collaboration with the number of links
between the nodes of the network [10]. Being productive “Montalvan-Burbano, Nestor”,
followed by “Carrion-Mero, Paul” in both WoS and Scopus, see Fig. 5.

As for the co-authorship map, whose unit of analysis was countries, the minimum
values of choice for an organization were defined as having five documents and one
citation to the institution’s documents in WoS and Scopus, in order to identify the most
visible organization. The result was WoS with 64, and Scopus with 68, with research on
the topic under study. There are 22 items linked in the resulting networks in WoS and
24 in Scopus; see Fig. 6.

In WoS and Scopus, it was found that, in the case of Ecuador, the country that stands
out most for its productivity, relationship and assertive and frequent communication with
authors from other countries [10], ivs Spain.
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Fig. 5. Visualization of co-authorship analysis by author. (a) WoS, (b) Scopus
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Fig. 6. Visualization of co-authorship analysis by countries (a) WoS, (b) Scopus

3.3.2 Co-citation Analysis

Co-citation analysis is also performed in VosViewer, to identify when two items are cited
by the same document [9]. The author is established as the unit of analysis, the thesaurus
of default authors is included and the minimum value of citations of an author is limited to
ten, resulting in 14813 and 45566 authors, where 25 and 282 meet these criteria, both in
‘WoS and Scopus, respectively. From the data reported in WoS, the most cited author was
“Herrera-Franco, G.“, while in Scopus the most cited author was “Montalvan-Burbano,
N.“, see Fig. 7.
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Fig. 7. Visualization of co-citation analysis by cited authors. (a) WoS, (b) Scopus
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3.3.3 Co-word Analysis

From the execution of the algorithm of analysis and identification of trends in topic,
creating maps based on Vosviewer data texts, criteria were established to simplify the
visualization [11], where the unit of analysis was title and abstract, frequency greater
than 30, counting method “Full counting”, and the default thesaurus of topics. A total of
11559 and 13821 terms, respectively, were obtained from the total number of selected
articles in the WoS and Scopus databases. The number of words appearing together are
54 for WoS and 64 in Scopus. The resulting word networks in Fig. 8, identifies the pairs
of terms, showing a larger size those tags with a higher frequency of occurrences, for

9 < 9

WoS “software”, “analysis”, “study” and “system”. In the case of Scopus, “software”,

“study”, “system” and “model” are located in the center of the map because they are
highly interrelated.
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Fig. 8. Visualization of co-word analysis of keyword occurrences (a) WoS, (b) Scopus

3.4 Content Analyses
3.4.1 Pre-Analysis

The number of articles extracted in the bibliometric analysis was 377 from WoS and
450 from Scopus. By establishing a maximum acceptable error of 10%, the estimated
sample percentage of 50%, and the desired confidence level of 90%), it is calculated that
a content analysis should be performed on 58 and 59 documents, respectively.

The samples were taken from the total extracted from each database, following for
WoS, the rule of representativeness, provided by the same database through the relevance
of the articles, and for the Scopus sample, the rule of homogeneity considering articles
from the last year of the study period.

After a first review, a repeated article was found in the databases, and through the
reading of the abstracts, those that are not relevant to the study, which in the case of
WoS were two and Scopus was only one. The respective documents are removed and
other articles are taken from the extracted universe to complete the calculated sample
numbers. Two objectives were defined for the study, their categories and codes, see
Table 5. Finally, the files are downloaded in “pdf” format for the respective analysis of
the summaries and conclusions.
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Table 5. Code Table

Objectives Categories Associated codes

Identify the context of scientific research Economic activities According to page 19 in [12]

that makes use of software Type research According to page 110 in [13]
Geographical region benefited According to [14]

Recognize the characteristics of software Distribution software Open Source Software, Free Software,

referenced in scientific publications Proprietary Software, Freeware
Device Support Server, Desktop, Mobile

3.4.2 Use of the Material

QualCoder open source software was used for the qualitative processing of the selected
articles. The documents were reviewed one by one and the codes and their respective
categories were created.

3.4.3 Treatment of Results and Interpretations

Within the categories covering the objective “Identify the context of scientific research
that makes use of software”, see Table 6, it was found that, of the 117 documents
evaluated, the economic activities toward which the studies are mostly oriented are
“Professional, scientific and technical activities” covering 38% of the total; somewhat
distanced are “Human health care and social assistance activities” and “Agriculture,
Forestry and Fishing”, both with 11%.

The classification “Professional, scientific and technical activities” covers a wide
range of research and development areas; these include forensic genetics focused on
haplogroups, the development of new antibiotics through DNA regulation, the imple-
mentation of a robot based on the electronic communication interface for emerging
countries, the use of CEINCI LAB in seismic engineering, data compression algorithms
and electrical systems, lava flow monitoring in remote volcanoes, characterization of
pathogen exposure through environmental pathways, interoperability of software sys-
tems, promising medicine for anticancer vaccines, code analysis in software repositories,
quality control in software development, among other relevant topics.

The research was of the Experimental type, under this coding 32 studies were iden-
tified; in Case study and Descriptive 27 and 26 documents emerged, respectively. In
the Experimental area, a number of studies have been carried out in various research
areas. These include the analysis of bibliometrics, with the application of state-of-the-art
technology, experiments with wind turbines, the search for new molecules, simulation
of quadruped robots, development of robots for locomotion in small intestines, study of
composite materials, quasi experiments with young people aged 11 to 13 years, biomass
surveys, temperature analysis in asphalt replacement, electricity and statistical code stud-
ies, database identification, design of charging stations, use of neural networks, study of
concrete structure when replacing sand, oil extraction, and controlled experiments for
quality assessment in an IDE (Integrated Development Environment).

As expected, when delimiting the research to studies in Ecuador, the main beneficiary
region of the production is South America, with 31 studies; then, it is necessary to
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highlight the second region, which is Europe with 11 works. In Europe, several studies
and research have been carried out in countries such as Italy, the Netherlands, France,
Denmark, Germany and Spain. These studies cover a wide variety of areas, ranging from
science and technology to medicine, engineering and social sciences.

Table 6. Coding result to identify the context of scientific investigations

A B c D
Economic activitics Administrative and support 20 15. 16]
services activitics
Agriculture, Forestry and 131 [17-29]
Fishing
Arts, Enterainment and 20 130,311
Recreation
Construction 20) 132,33]
Exploitation of mines and 5 [34-38]
quarries
Financial and insurance 20) 139, 40
activities
Human health care and social | 13 (11) [41-53]
assistance activities
Information and 12(10) [54-65]
Communication
Manufacturing industries 109) 166-75]
Professional, scientific and 45(38) [77-120]
technical activities
Supply of clectricity, gas, 54 [121-125)
steam and air conditioning
Teaching 30 [126-128]
Water distribution, Sewerage, | 3 (3) [129-131]
Waste management and
sanitation activities
Type research Case study 27(22) 128,31,33,37, 39,43, 55, 62, 69, 70, 73,75, 83, 86, 92, 94, 98, 103-105, 108, 109, 112, 114, 115, 117, 120]
Corrclational 17(14) 19,23, 43,47, 51, 53, 57, 6, 80, 82, 91, 111, 116, 119, 123, 128, 129]
Descriptive 26 21) [15-18.29, 30, 38, 41, 42, 44, 46, 54, 56, 64, 66, 76, 78. 79, 82, 84, 85, 87, 88, 99, 122, 130]
Documental 13(10) 20,22, 26, 50, 58, 59, 74, 87, 89, 93, 97, 126, 131]
Experimental 32(26) 21,24,27, 32, 35, 36, 39, 40, 45, 48, 49, 52, 60, 61, 65, 67, 68, 71, 72, 75-77, 81, 88, 96, 101, 102, 106, 118, 121,124, 125, 127]
Explanatory or casual 20) [15. 78]
Historical 8(6) 25, 63,90, 95, 100, 107, 110, 113]
Geographical region Africa 10) [125]
benefited Asia 2(4) (84, 131]
Europe 1122 18,26, 31, 39, 44, 50, 68, 70, 73, 81, 99]
North America 48 39, 44,81, 131]
Oceania 12 1701
South America 31(62) 15, 17. 19-21, 23, 25, 26, 30, 32-34, 36, 38, 42. 43, 46, 47. 50, 73, 78, 81, 82, 85, 91, 97, 106, 113, 119, 127, 128]

(A) Categories (B) Associated codes (C) No. of studies (%) (D) Studies.

In the first category “Distribution software”, which covers the objective “Recognize
the characteristics of software referenced in scientific publications”, see Table 7, it is
evident that most of them have referenced “Proprietary Software” with 69% of the total.

In the study, several proprietary software tools and programs were used to carry
out the analysis and research. These included databases such as Scopus, modeling and
simulation programs such as MATLAB/Simulink, SureDesign, LeDock and Adsorption
V10. In addition, data visualization and analysis tools such as ArcGIS and Rockworks
were used. In the case of the second category, the studies give almost no direct reference
to the type of equipment on which the software operates, among the few that could be
recognized there is a greater presence of “Mobile” devices, comprising 47% of the total.
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Table 7. Coding result to recognize the characteristics of the referenced software

A B C D
Distribution | Freeware 1(3) | [48]
software Open Source | 8 | [17, 2022, 74, 77, 79, 81]
Software (28)
Proprietary 20 [18, 23, 27, 34, 39, 48, 49, 51, 66, 69, 76, 77, 79, 80, 97, 121, 123, 124, 129, 131]
Software (69)
Device Desktop 5 [16, 54, 58, 63, 105]
Support 29)
Mobile 8 [42, 54, 56-59, 62, 108]
47)
Server 4 [41, 77, 85, 88]
(24)

(A) Categories (B) Associated codes (C) No. of studies (%) (D) Studies.

4 Conclusions

For the recognition of the characteristics of the software and the context in which it is
applied, within the scope of Ecuadorian scientific production, two significant scientific
content databases were used, WoS and Scopus.

When applying the search and filters in the defined databases, 377 references of
articles were obtained in WoS and 450 in Scopus. With these references the bibliometric
analysis is performed, within the period 2013 to 2022, which has the following results:

From 2013 to 2022 there is a positive growth in the number of research papers refer-
ring to software, in WoS (45.74%), and Scopus (44.81%). The countries of Spain, USA,
Chile and Mexico stand out for the number of articles and international collaboration in
the development of studies with Ecuadorian affiliation. Among the Ecuadorian institu-
tions with the greatest production in the subject matter addressed are: ESPOL Polytechnic
University, Universidad Politécnica Salesiana and Universidad de las Fuerzas Armadas
ESPE.

The analysis of bibliographic coupling networks presented “Montalvan-Burbano,
Nestor” and “Marrero Ponce, Y.“, as those authors who most coincide with others, citing
one or more articles together for WoS and Scopus, respectively. Another result raises
the most representative sources; by coupling with other journals, are “IEEE ACCESS”,
followed by “Sustainability”. For the average number of citations of articles, the countries
of Armenia, Estonia and Netherlands stand out in WoS and Sweden, Italy and United
Kingdom in Scopus.

In the word analysis, terms such as “COVID-19”, “bibliometric analysis”, “human”,
“performance”, “article”, and “software engineering” stand out. Montalvan-Burbano,
Nestor” followed by “Carrion-Mero, Paul”, are the authors with the highest productivity
due to their strong connection in the co-authorship analysis. Under this same analysis,
it was obtained that, among the authors from Ecuador and Spain, they stand out for the
relationship they have. The co-citation analysis shows ‘“Herrera-Franco, G.“ for WoS
and “Montalvan-Burbano, N.“ for Scopus. The trend of terms obtained through co-word
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analysis were “software”, “analysis”, “study” and “system” for WoS, and “software”,
“analysis”, “study” and “model” for Scopus.

The content analysis of a sample of 117 documents was carried out, following rules
of representativeness and homogeneity. Two objectives were set: “Identify the context
of scientific research that makes use of software” and “Recognize the characteristics of
software referenced in scientific publications”. The most significant results are presented
below: The economic activities towards which the studies are oriented are “Professional,
scientific and technical activities”, “Human health care and social assistance activities”
and “Agriculture, Forestry and Fishing”.

The research was mainly of the “Experimental”, “Case study” and “Descriptive”
type. The beneficiary regions of the productions are “South America”, since Ecuador
is part of it, and “Europe”. The studies have mostly referred to “Proprietary Software”.
Although very little is stated about the type of equipment used in the studios, it was found
that they make use of “Mobile” devices. Due to the rapid evolution and use of information
technologies, added to the increase in scientific production of the characteristics defined
in this work, there is interest in carrying out a new study in the short term, which will
allow the evaluation of new areas of application.
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