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RESUMEN

The access and use of bibliographic information from scientific activity in Colombian
territories is of vital importance to know the impact, productivity, collaboration and
evolution of regional and national research. However, this information is presented in
a static and unstructured manner in the official national platforms available for this
purpose, thus limiting its analysis for the strategic decision making by the actors in the
science, technology and innovation environment. This research proposes a tool for
extracting, structuring and persisting data registered by researchers and research
groups in the Colombian territories. It is aimed to improve the efficiency and ease of
access to bibliographic data in order to support stakeholders. As methodology, an
adaptation of the Project Management Body of Knowledge was used, defining phases of
analysis, design, coding and evaluation during the development of the software. The
results obtained allowed to successfully verify and validate the system, to point out both
disparities and contrasts with respect to the statistics offered by the Ministry of Science,
Technology and Innovation, to acquire multiple organized data sets about scientific
activity in Cauca, and to offer a tool for obtaining more data sets from other
departments of the country. Finally, it is important to emphasize that this tool seeks to
contribute to the incentive, strengthening and reliability of future analysis and
conclusions in research work or decision-making by individuals and entities related to
the subject.
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ABSTRACT

The access and use of bibliographic information from scientific activity in Colombian
territories is of vital importance to know the impact, productivity, collaboration and
evolution of regional and national research. However, this information is presented in
a static and unstructured manner in the official national platforms available for this
purpose, thus limiting its analysis for the strategic decision making by the actors in the
science, technology and innovation environment. This research proposes a tool for
extracting, structuring and persisting data registered by researchers and research
groups in the Colombian territories. It is aimed to improve the efficiency and ease of
access to bibliographic data in order to support stakeholders. As methodology, an
adaptation of the Project Management Body of Knowledge was used, defining phases of
analysis, design, coding and evaluation during the development of the software. The
results obtained allowed to successfully verify and validate the system, to point out both
disparities and contrasts with respect to the statistics offered by the Ministry of Science,
Technology and Innovation, to acquire multiple organized data sets about scientific
activity in Cauca, and to offer a tool for obtaining more data sets from other
departments of the country. Finally, it is important to emphasize that this tool seeks to
contribute to the incentive, strengthening and reliability of future analysis and
conclusions in research work or decision-making by individuals and entities related to
the subject.
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INTRODUCCION

Scientific research is essential for the
development and growth of a country and its
regions. It has been demonstrated that
research activity generates wealth,
knowledge, welfare and innovation, as well as
it is considered as an important factor in the
improvement of a society's health, education
and environment (Otero & Alejandro, 2016).
The Regional Science, Technology and
Innovation  Systems  (RSTIS) manifest
particular conditions and challenges of an
economic, social, environmental, cultural and
political nature, therefore there is a constant
need to strengthen and promote the strategic
articulation of its actors for providing value to
society through the use and management of
knowledge (ECoS-CTel, 2023b). However, the
access and use of official bibliographic
information on academic and scientific
research that is generated in the regions by
means of researchers and research groups, has
multiple difficulties and limitations as the
information is presented in a static, individual
and unstructured manner in the official

national platforms (Ministerio de Ciencia
Tecnologia e Innovacion, 2023a), (Ministerio
de Ciencia Tecnologia e Innovacion, 2023g). In
this order of ideas, the inefficient and
restrictive access to official research data in
the different territories of Colombia, such as
Cauca, hinders their understanding and study.
These aspects are vital for strategic decision
making of an administrative, academic, social
and corporate nature between University,
Business, State and Society relationships
(Region Administrativa y de Planificacién del
Pacifico, 2020).

The Ministry of STI (Science, Technology and
Innovation) or "Minciencias"”, through its
official tool for the measurement of STel
information called "La Ciencia en Cifras"
(Ministerio de Ciencia Tecnologia e
Innovacion, 2023f), does not provide updated
and accurate statistics in order to analyze the
research environment in detail, since several
time periods are omitted and the most recent
date available corresponds to the year 2021.
Also, the official recording platforms do not
allow the efficient exploration or collection of



scientific production data in Cauca and other
regions. Currently, these are complicated tasks
since "CvLAC" (Ministerio de Ciencia
Tecnologia e Innovacién, 2023c), (Ministerio
de Ciencia Tecnologia e Innovacién, 2021b)
and "GrupLAC" (Ministerio de Ciencia
Tecnologia e Innovacién, 2023e), (Ministerio
de Ciencia Tecnologia e Innovacién, 2021c),
only allow visualizing bibliographic data
through research profiles in single web pages.

The above information evidences the need for
continuous effort by the RSTIS actors to
strategically identify and consolidate results,
competencies and capacities in terms of
scientific research, with the aim generating
innovation and development in the regions.
Therefore, the suitable provision of consistent,
accessible and organized information, allows a
better analysis of the data to lead a suitable
decision making for information management,
validation of experiences, interaction between
entities and productive development
strategies (Calvo Giraldo, 2018), (Tello Clavijo,
2019). From a general framework of the state
of the art, several highly recognized tools were
identified to support similar tasks (Dattolo &
Corbatto, 2022), (Patil et al., 2020), (Ruiz-
Rosero et al,, 2019), (Aria & Cuccurullo, 2017),
(Cobo et al., 2012). Nonetheless, the input
stage is done manually by a user from global
bibliographic data sources. Although they offer
organized data structures for downloading,
they include only a small part of the national
scientific production, i.e. the few elements that
were recognized in high impact journals.
Besides, some important entities such as
research groups are not recognized in the
stored data.

Some lower impact tools, although better
related to the addressed context, proposed
partial solutions for problems related with
platforms such as Lattes from Brazil, which
belongs to the same network as CvLAC and
GrupLAC (Escarassatti & Biscaro, 2022),
(Mena-Chalco & Junior, 2009) and (Alves et al.,
2011). They implemented data extraction
functions through text mining, web scraping
and visual exploration of multidimensional
data from resumes and group profiles in a
similar manner as the targeted case for this
research. This was done with the purpose of

arranging the information to facilitate the
analysis. On this same idea, a work done on
GrupLAC (Galeano Durdn & Prada Pérez,
2019) proposes a user-operated wizard to
extract data from the web of a single research
group, and then join it into a recommendation
system oriented to improve its category by
means of certain activities advices.

Based on related works, this research
introduces a software for the extraction,
structuring and persistence of bibliographic
data about the scientific activity registered by
researchers and research groups in the CvLAC
and GrupLAC platforms in the Colombian
territories. The implemented solution seeks to
support individuals and entities in the
scientific and research environments to be
able to collect and manage the bibliographic
production data in a simpler and more
efficient way, thus contributing to the
generation of more and better analyses that
are commonly addressed in research activities
or decision making within the context of each
RSTIS. The software was applied to the
Department of Cauca in order to obtain
numerous data sets and comparative statistics.
It can also be used to generate data sets for any
department in the country. The data can be
massively updated or extracted, although
there are on-demand functions offered to non-
technical users. The applied methodology was
an adaptation of the Project Management Body
of Knowledge (PMBOK) defining the project
life cycle, development approach, work
breakdown structure and, finally, four phases
for the analysis, design, coding and evaluation
of the system. This research article presents
the work done through different sections
explaining the fundamental concepts, the
addressed context, hardware and software
materials used, methodology, analysis of the
results and conclusions.

1. REFERENTES.
1.1.CvLAC

The CvLAC application, which stands for
Curriculum Vitae of Latin America and the
Caribbean, is an online tool for the registration
of resumes of people involved in science,



technology and innovation activities into the
"ScienTI" network. These are generally people
recognized as researchers or as members of a
research group endorsed by the Ministry of
Science, Technology and Innovation -
Minciencias. Personal and professional
information can be registered on the platform,
as well as the research products generated,
such as articles, books, book chapters,
conferences, papers, patents, standards,
regulations, courses taught, undergraduate or
graduate projects, participation in evaluation
committees, software, among  others
(Ministerio de Ciencia Tecnologia e
Innovacién, 2023d), (Ministerio de Ciencia
Tecnologia e Innovacion, 2021b).

1.2.GrupLAC

The GrupLAC application, acronym for Groups
of Latin America and the Caribbean, is a tool
made available by the Ministry of Science,
Technology and Innovation with the objective
of promoting the participation of research
groups registered in the "ScienTI" network
(Ministerio de Ciencia Tecnologia

e Innovacién, 2023d). GrupLAC has been
created for the integration and exchange of
information in the countries of the Latin
American and Caribbean territory. Its main
objective is to compile and present research
groups information based on the records
generated by the CVLAC profiles of their active
members. In this way, it makes it possible to
establish and maintain an updated directory of
active groups (Ministerio de Ciencia
Tecnologia e Innovacion, 2021c).

1.3.Web Scraping

The main objective of this practice is to collect
data from a web source using an automated
program that queries a web server, extracts
the necessary data and analyzes it for further
use. It provides access to data that can be
viewed in a web browser and stored in a
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database for further processing. It also
requires various programming techniques and
technologies, such as data analysis and
information security, making it a practice that
involves extensive technical knowledge.
(Mitchell, 2015)

1.4.Regular Expressions

Regex (Regular Expressions) are patterns used
for advanced matching of character
combinations in text strings. In programming
languages such as Python, libraries are used
that provide operations suitable for
implementation (Python Software
Foundation, 2023).

1.5.Regional Innovation Ecosystems

An innovation ecosystem is a dynamic and
multifaceted environment where different
actors and elements such as companies,
institutions, individuals, technologies and
culture, interact to drive economic and
technological development. Its structure
fosters the development by allowing the
interaction between suppliers and innovation
demanders with a strategic public. In this
order of ideas, the innovation ecosystem is
configured as a network that includes links to
all interested parties, including consumers,
service providers, companies, among others.
The "Regional Innovation Systems" are
environments where regional actors share
resources, knowledge and experience to
consolidate innovation initiatives through
inter-organizational interactions that lead to
the production of results. It is relevant to
emphasize that educational institutions, and
especially universities, play an important role
in fostering the creation of innovative
networks to  accelerate  collaborative
investments in focused areas and create value
(Tello Clavijo, 2019).

1.6.Regional Science, Technology and
Innovation System of Cauca



The definition of Regional Science, Technology
and Innovation Systems is linked to a
geographically determined space and to the
notions of the territory, emerging as an
evolution and adaptation of the National
Science, Technology and Innovation Systems
and contemplating a regional innovation
ecosystem with cooperation mechanisms such
as University, State, Society and Corporation
relationships. In this way, the RSTIS are in
charge of analyze the different elements that
characterize a region in terms of its capacity
for development and innovation, given a
unique context for each region that
determines the dynamics of a specific society
(Ministerio de Ciencia Tecnologia e
Innovacion, 2023g). For the case of the
Department of Cauca, the set of networks of
agents that are articulated in an innovation
strategy may involve indigenous people,
writers, artists, educators, researchers, ethnic
groups, businesses, traders, higher education
institutions, peasants, farmers, schools,
military forces, the government and the
population in general. In this way, an urban,
rural, multiethnic and multicultural society is
evidenced in a territory of great biodiversity
that also has a recognized academic, scientific
and technological capacity. Initiatives such as
"ECoS-CTel", bring together actors of the
RSTIS of Cauca to contribute value to society
from knowledge with the implementation of
strategies, instruments, mechanisms and more
collaborative projects (Hicks et al.,, 2015).

1.7.Object-Relational Mapping

It is a programming technique used as a
linking mechanism between classes of an
object-oriented programming language and
the tables of a relational database
management system. There are different
strategies for mapping associations,
inheritance and other relationships between
the tables of a relational database. Using this
type of database to persist objects that come
from object-oriented languages is a common
approach and represents a semantic
communication mechanism.

2. CONTEXTUAL FRAMEWORK

The articulation between universities and the
social, productive and state sectors, has been
implemented over the years through actions
focused on the construction of regions. In the
case of the Department of Cauca, projects and
organizations such as "InnovAccién Cauca"
have carried out sensitization processes
regarding the importance of the relationship
and networking of these entities. As a result of
these efforts, joint territorial planning
exercises have been carried out, such as
"Vision Cauca", the Regional Competitiveness
Plan, the Departmental Strategic Plan for
Science, Technology and Innovation,
"ConCiencia Cauca" and "Cauca Emprende"”,
which have contributed to the strengthening
of the RSTIS. Several efforts have also been
made to strengthen research groups by
promoting alliance frameworks between them
and entities of the business, social or
governmental sector that respond to real
needs of the territory (Mosquera Echeverry et
al, 2019).

Another project of great importance at the
regional level is "ECoS-CTel", which aims at
"participatory action research with the
purpose of facilitating joint work among the
various RSTIS actors" (ECoS- CTel, 2023b).
This has offered various contributions in the
form of tools, knowledge, experiences and
training through its strategic lines and its
networking components between 2021 and
2023 (ECoS- CTel, 2023a). Given this scenario,
the analysis of information related to scientific
production at the regional level by research
groups can contribute to the strengthening of
the described area.

Researchers' resumes and research group
profiles represent the history of scientific,
academic and professional activities, and are
exhibited as material for analysis on
interesting approaches in terms of numbers,
distribution, participation, activity, evolution,
collaboration, exploration, impact, etc. Finally,
it is worth mentioning that this type of
information is generated and articulated
according to the conditions and needs
manifested by each department of the country
and symbolizes a similar potential for each



RSTIS.

3. MATERIALS

The articulation between universities and the
social, productive and state sectors, has been
implemented over the years through actions
focused on the construction of regions. In the
case of the Department of Cauca, projects and
organizations such as "InnovAccién Cauca" have
carried out sensitization processes regarding the
importance of the relationship and networking
of these entities. As a result of these efforts, joint
territorial planning exercises have been carried
out, such as "Vision Cauca", the Regional
Competitiveness Plan, the Departmental
Strategic Plan for Science, Technology and
Innovation, "ConCiencia Cauca" and "Cauca
Emprende"”, which have contributed to the
strengthening of the RSTIS. Several efforts have
also been made to strengthen research groups by
promoting alliance frameworks between them
and entities of the business, social or
governmental sector that respond to real needs
of the territory (Mosquera Echeverry et al,
2019).

Another project of great importance at the
regional level is "ECoS-CTel", which aims at
"participatory action research with the purpose
of facilitating joint work among the various
RSTIS actors” (ECoS- CTel, 2023b). This has
offered various contributions in the form of tools,
knowledge, experiences and training through its
strategic lines and its networking components
between 2021 and 2023 (ECoS- CTel, 2023a).
Given this scenario, the analysis of information
related to scientific production at the regional
level by research groups can contribute to the
strengthening of the described area.

Researchers' resumes and research group
profiles represent the history of scientific,
academic and professional activities, and are
exhibited as material for analysis on interesting
approaches in terms of numbers, distribution,
participation, activity, evolution, collaboration,
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exploration, impact, etc. Finally, it is worth
mentioning that this type of information is
generated and articulated according to the
conditions and needs manifested by each
department of the country and symbolizes a
similar potential for each RSTIS.

4. MATERIALS

This section presents the tools and resources in
terms of hardware and software used in this
research work. Table 1 contains the
characteristics of the elements selected for the
construction of the system. The software consists
of the programming language necessary to
develop the different stages of the system, the
programming frameworks necessary for the
development of web applications, the database
management systems for persistence, the object-
relational mapping tool, the version control tool,
the execution environments and the required
libraries.

Table 1. Software requirements for the project
development

Function Software Version
Environments Python 3.8.16
Anaconda 2.3.2
Jupiter 6.5.2
Notebook
Visual Studio 1.76.2
Code
Version Control Git 2.31.1
System
Github Online
Data Extraction Beautifulsoup4 4.11.2
Pyquery 2.0.0
Request 2.25.1
Selenium 4.8.2

Regex 2022.10.31



Lxml 49.1
Data Processing Numpy 1.24.2
Pandas 1.5.3
Openpyxl 3.0.10
Unittest 3.8.16
Persistence Pgadmin4 55
PostgreSQL 134
Psycopg2 293
SQLAlchemy 2.9.3

Source: own elaboration

5. METHODOLOGY

The applied research methodology was adapted
from PMBOK, taking the most current edition of
the PMBOK guide as areference element (Project
Management Institute, 2021). This guide delves
into the principles of project management and
performance domains for delivery effectiveness.
In the first instance, an hybrid development
approach was defined for the project
development, regarding both adaptive and
predictive qualities since the existence of a tool
capable of handling the raised technical
conditions was not identified. Secondly, the
project was provided with four development
phases for the definition of requirements,
modeling, construction and evaluation. Besides,
an iterative-incremental strategy was defined
within the chosen approach, so that each phase
represents an iteration that complements the
previous one within each increment until the
complete functionality is obtained. The
development phases of the modules were
defined by:

. Analysis Phase: Allows defining the
module requirements and understanding the
data or subject matter of analysis.

. Design Phase: It is responsible for the
modeling and the functionality representation,

based on the requirements.

. Coding Phase: It consists of the
programming process of the proposed design

and its adaptation to the considered
environments.
. Evaluation Phase: It consists of the

verification and validation of the requirements,
conducting a value judgement.

Ultimately, the project life cycle and the work
breakdown structure were constructed from the
defined development phases. Thus, each of the
phases represents a different work package, each
of these in turn containing various sub-packages
equivalent to the broken-down activities. The
phases and activities developed for the
elaboration of this research project are described
below.

4.1. Analysis Phase

The initial definition of requirements involved
the stakeholders, task analysis, document
reading, information synthesis, scope estimation
and estimated bibliographic data sources
identification. It is worth mentioning that the
analysis phase was also nurtured from the
progress, findings and particular considerations
of the incremental iterations of the methodology.
The development of the phase began with the
described problematic, the contextual
framework of the Cauca RSTIS, and the role of
bibliographic data. The gaps in the related works
were found from their systematic review and
synthesis. The objectives of this research were
established based on the construction of a
software as a proposal or solution. With this, the
knowledge base was consolidated, which
allowed to state the appropriate orientation,
simultaneously with the applied methodology.
Finally, some decisions were made for giving
flexibility to the project as a response to the
complexity and contingent uncertainty. The first
phase of analysis is explained in detail below.



4.1.1.  Data Sources Analysis

The defined topic focused on the extraction of
data from the sources available in the ScienTI
network. Itis used on a daily basis by researchers
and research groups at national and regional
levels through CVLAC and GrupLAC applications.
These applications are accessible via Internet
and retrieve information from researchers'
resumes and research groups' profiles, thus
offering a great variety

and quantity of research data from Colombian
territories. However, the profiles can only be
observed individually and the visualization of the
information in both platforms is presented
through web pages and table structures in DOMs
(Document Object Models) with an HTML
(HyperText Markup Language) architecture. The
tables are stacked one after the other and are
composed of rows and columns. However, their
content is unstructured as their various features
and values are mixed into text strings. This
information corresponds to the data registered
by the users and it is detailed in the CVLAC and
GrupLAC manuals (Ministerio de Ciencia
Tecnologia e Innovacion, 2021b), (Ministerio de
Ciencia Tecnologia e Innovacion, 2021c) which
contain around 80 possible tables for each
application.

The volume of the information at a departmental
level is estimated from the total number of
research groups recognized by Minciencias. A
total of 118 groups were identified into the
department of Cauca, also including the
researchers who were members of these groups.

ReEnERA e
Revista Ingenieria e Innovacion
ISSN: 2346-0474 (En linea)  fesssereia e e meno

This information was taken from the Minciencias
search services (Ministerio de Ciencia
Tecnologia e Innovacidén, 2023b). This source is
key for retrieving links and lists of groups from
other departments in order to extract their
bibliographic data using the system proposed in
this research.

4.1.2.  Data Selection

The available information within the analyzed
sources is abundant. For this reason, a selection
of tables was carried out based on the "Global
Weights of the Products” that are the result of the
"research, technological development and
innovation processes” consigned in the last
"National Call for the recognition and
measurement of research, technological
development or innovation groups and for the
recognition of researchers of the national system
of science, technology and innovation - 2021"
(Ministerio de Ciencia Tecnologia e Innovacion,
2021a). The intention was to prioritize the tables
containing information of greater weight for the
recognition of a research group considering the
main product types. Subsequently, the most
common interests expressed by some actors of
the RSTIS of Cauca and members of the "ECoS-
CTel" project, collected in held meetings, were
considered. Also, tables presenting basic
information, identifiers and necessary data of the
researchers or research groups were included.
Tables 2 and 3 presents the selected information
for the extraction, structuring and persistence of
data from CvLAC and GrupLAC.



Table 2. Selected Tables for the CvLAC Data Extraction

Selected tables Selected
features
. . CvLAC code, researcher’s category, preferred name, citation name,
Basic Information ) .
nationality,
sex.

Author identifiers

CvLAC code, identifier, link.

Academic education

CvLAC code, type, institution, title obtained, date, name of the project
carried
out.

Complementary CvLAC code, type, institution, title obtained, date.

education

Activity areas CvLAC code, activity areas

Languages CvLAC code, language, speaking level, writing level, reading level, listening

level.

Lines of research

CvLAC code, research line, activity status.

Acknowledgments CvLAC code, title, date.
Jury in evaluation CvLAC code, name, title, type, academic program, orientated name,
committees keywords,

knowledge area, involved sectors.

Peer-review

CvLAC code, subject, peer-review type, publisher, journal, institution,
application date.

Articles CvLAC code, authors, name, type, verification status, location, journal,
ISSN,publisher, volume, issue, pages, publication date, DOI, keywords,
involved
sectors.

Books CvLAC code, authors, book title, type, verification status, location,
publication date, publisher, ISBN, volume, pages, keywords, knowledge
area, involved
sectors.

Book chapters CvLAC code, authors, chapter, book, location, verified, ISBN, publisher,
volume,
pages, date, keywords, knowledge area, involved sectors.

Prototypes CvLAC code, author, name, type, verified, commercial name, contract,

registration, location, date, keywords, knowledge area involved, sectors.

Academic social

CvLAC code, social network, link

networks

Technology-based CvLAC code, authors, name, type, NIT, chamber of commerce

companies registration,
verification status, keywords, areas, sectors.

Softwares CvLAC code, author, name, type, verified, commercial name, contract or
registration number, location, date, platform, environment, keywords,
knowledge area, involved sectors.

Business CvLAC code, author, name, type, verified, commercial name, contract or

management registration number, location, date, keywords, knowledge area, involved

innovation sectors.

Technology products CvLAC code, author, name, type, verification status, commercial name,
registration contract, location, date, keywords, knowledge area, involved
sectors.

Postdoctoral CvLAC code, internship name, involved entity, knowledge area, start date,

internship end

date, description.

Source: own elaboration
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Table 3. Selected Tables for the GrupLAC Data Extraction

Selected tables

Selected
features

Basic information

GrupLAC code, group name, formation date, location, leader, certification,
website, email, group classification, areas of activity, related programs,
secondary programs.

Institutions

GrupLAC code, institution name, endorsement status.

Lines of research declared
by the group

GrupLAC code, registered lines.

Group members

GrupLAC code, CvLAC link for each member, activity status, activity hours,
inscription date.

Doctoral academic
program

GrupLAC code, program name, date, administrative act number, institution.

Master academic program

GrupLAC code, program name, date, administrative act number, institution.

Other academic program

GrupLAC code, program name, date, administrative act number, institution.

Doctoral courses

GrupLAC code, course name, date, administrative act number, academic
program.

Master courses

GrupLAC code, course name, date, administrative act number,
academic
program.

Published articles GrupLAC code, verified, type, name, location, journal, ISSN, publication
date,
volume, issue, pages, DOI, authors.

Published books GrupLAC code, verification status, type, name, location, publication date,

ISBN,
publisher, authors.

Published book chapters

GrupLAC code, verification status, book type, chapter name, location, date,
book name, ISBN, volume, pages, publisher, authors.

Other published articles

GrupLAC code, verification status, type, name, location, journal,
ISSN,
publication date, volume, issue, pages, authors.

Other published books

GrupLAC code, verification status, type, name, location, publication date,
ISBN,
volume, pages, publisher, authors.

Industrial designs

GrupLAC code, verification status, design type, product name, location,
elaboration date, availability status, institution, authors.

Business Management
innovation

GrupLAC code, verification status, innovation type, product name,
location,
elaboration date, availability status, institution, authors.

Pilot plants GrupLAC code, verification status, product type, product name,
location,
elaboration date, availability status, commercial name, institution, authors.
Other technology GrupLAC code, verification status, product type, product name, location,
products elaboration date, availability status, commercial name, involved
institution,
authors.
Prototypes GrupLAC code, verification status, type, name, location, elaboration date,
availability status, institution, authors.
Softwares GrupLAC code, verification status, product type, product name,

location,
elaboration date, availability status, commercial name, institution, authors.




Technology-based
companies

GrupLAC code, verification status, company type, name, registration date,
NIT,involved institution, authors.

Source: own elaboration

4.1.3.  Data Collection

By going through each research group in their
GrupLAC profiles, it was possible to find the
members belonging to those groups and then
access their CvLAC profiles. The data was
collected by iterating the list of groups and the list
of members of each group, considering the
selected tables and persisting the data in
databases. To make this possible, it was necessary
to develop functions for the individual extraction
of researchers’ resumes and groups’ profiles,
regarding the focused list for Cauca (Ministerio de
Ciencia Tecnologia e Innovacidn, 2023b). One of
the main points considered in the data collection
process was the possibility for updating data and
thus strengthen the reliability of the tool and the
project. Therefore, massive extraction processes
can be accomplished by users with technical
knowledge in scripts execution. These processes
can take several hours and limits access to users
without technical knowledge. For this reason,
smaller on-demand updates or extraction tasks
can be accomplished by non-technical users
through an implemented Graphic User Interface
(GUI). It allowed users to extract resumes or
research profiles selectively by an easy-to-use
web application.

4.1.4.  Requirements Definition

The suggested requirements from the analysis
phase were as follows:

1. Extract the selected tables for all the
researchers and research groups in the

Department of Cauca.

2. Extract the selected tables for a CVLAC
profile.

3. Extract the selected tables for a GrupLAC

profile.

4. Extract the tables selected for the CVLAC
profiles of the members of a GrupLAC.

5. Persist the extracted data in the databases.

6. Maintain the level of granularity and the
original integrity of the data from their
sources.

7. Proper handling of exceptions and
notifications during extraction.

8. Assist users with little or no technical
knowledge in simple extraction tasks

4.2.Design Phase

4.2.1.  Architecture Definition

The defined architecture for the system follows
the MVC (Model View Controller) architectural
pattern which allows separating the operation
logic from the user interface, and facilitates the
functionality, maintainability and scalability of
the system. Figure 1 shows the defined
architecture and technologies.
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Figure 1. CVLAC-GrupLAC Extractor Module Architecture.
Source: own elaboration

Models oversee the access of the databases’ tables
and represent the data structures that are stored
or consulted. They act as intermediaries between
databases and controllers, and each model belong
to aunique table or data structure. Two databases
were defined, one for CVLAC and the other for
GrupLAC. The controllers handle the user
interactions, request data from the extractors,
process this data and perform the data
persistence tasks with the help of the models.
Each of the controllers manage one of the
databases’ tables and interacts specifically with
the model that represent the table. There are
several extraction methods that retrieve and
organize data from the targeted internet
platforms following the user’s requests. Each web
table stored in these platforms is handled by a
particular algorithm, so that there is an algorithm
for each selected table. The view receives reports
from the controllers after fulfilling their tasks and
displays them to the user in a human- readable
form. Also, the view is designed to be used by a
user without technical knowledge. Massive
extraction tasks are heavy and time-consuming.
They also compromise the integrity of the system
and require a certain minimum skill or
understanding of the tool.

4.2.2. Programming Model

For data extraction, object-oriented
programming model was chosen, also defining
classes in charge of the extraction. The attributes
of the extracting classes correspond to the
information tables of the data sources, so that
they contain the wunique characteristics or
columns of the tables, as well as their records or
rows. The methods of the classes contain the
unique algorithms to be executed on the tables
represented by the attributes. Each driver-model
pair of the architecture represents one of these
elements for defining and operating the
databases’ tables. To assist non-technical users, a
small web application was developed to provide
a user-friendly graphical interface in order to
accomplish basic data extraction tasks in a few
steps.

4.3.Coding Phase
4.3.1.  Data Extraction Stage

During the coding of the data extraction
algorithms for the CVLAC and GrupLAC
applications, some unique combinations of web
scraping techniques, regular expressions and
data structures were used in each method using
the Python language. Following the proposed



design, the phase started by programming the
extractor classes. The data was taken from the
DOM documents of each research profile
addressed. The algorithms or methods
implemented for the tables are similar in their
inputs and outputs, although internally they
could be considered as black boxes due to their
intricate and particular programming. These
unique algorithms address particular data
engineering challenges to identify, extract and
organize the data from internet. In addition, they
have the capability for handling possible
exceptions or errors.

4.3.2.  Data Persistence Stage

The required coding for data persistence
consisted of programming the controllers and
models using Python, the SQLAlchemy object-
relational model tool and the PostgreSQL
database management system. The first
developed elements were the models that
represent the databases’ tables of CvLAC and
GrupLAC. These models were coded considering
the characteristics of the tables, the formats of
their values, the relationships between keys, the
size of the data and the properties of the fields,
among other protocols required by the object-
relational strategy. The models are managed by
the controllers that receive specific data
structures from the extraction methods and
operate each specific table of the databases by

insert and delete functions. Once the persistence
algorithms were programmed, several test
extractions were performed so as to correct
errors and handle exceptions. Finally, various
techniques were implemented to clean and
maintain the original integrity of the data taken
from the sources.

4.3.3.  Graphical User Interface

The developed GUI allowed to extract one resume
from a CvLAC link, extract one research group
profile from a GrupLAC link, and extract a set of
resumes that belong to one research group.
Extraction methods performed during a user
session, update the databases tables if the
identified

codes are already present, otherwise the data is
inserted directly. This is a type of on-demand
update that consists of the erase of previous data
related to a CVLAC or GrupLAC code, and its
subsequent extraction and storing. The web
application notifies the user through messages
about the status of the operations, which may be
successful or present some kind of exception
related to the Internet connection, the status of
the ScienTI platforms, invalidity of the link, etc.
The user can display a panel of instructions that
works as a support guide. Figure 2 presents the
system GUIL

Extractor Cvlac y Gruplac

Digite enlace Cvlac:

Extraer cvlac

Digite enlace Gruplac:

() Extraer datos del Gruplac
() Extraer datos de los investigadores del Gruplac

Extraer gruplac

Figure 2. CVLAC-GrupLAC Extractor Module Graphical User Interface.
Source: own elaboration



An administrator user can perform the massive
extraction of data and the generation of general
statistics directly from the project code by simply
executing a script. This process can take several
hours depending on the available computing
resources and internet connection. The system
allows the extension of the proposed scenario
since it is possible to extract any CVLAC and
GrupLAC at the national level, as well as it can
operates links containing a list of GrupLACs from
any department of Colombia.

4.4.Evaluation Phase

4.4.1.  Verification

To find out whether the subsystem was built
correctly, the performance was tested from a
technical point of view. This was done by using
"black box" unit tests to compare the input and
output data of all the algorithms for extracting
research profiles. This type of testing was chosen
because the developed algorithms presented an
intricate composition of logic details, but the
characteristics of their inputs and outputs were
well known and could be evaluated. Unit tests
were executed separately for each method of the
coded classes. The verification tests were
programmed in order to compare the tables’ data
structures and yield the percentage of similarity
between them based on

the number of records that presented the exact
content throughout all their features between
pairs of files.

The tables resulting from the extraction
methods, which were retrieved and processed
from the Internet, were also compared with a set
of tables extracted manually from research
profiles. Three links were randomly assigned to
each selected table from the CvLAC and GrupLAC.
For each link, the specific table assigned to that
profile was manually constructed by looking at
the web page and digitally copying the
information from each column and row with the
cursor. This process was repeated until covering
all the selected tables, resulting in a total of 60
manually extracted files and 60 automatically
generated data structures for CvLAC.
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The above process was implemented to
GrupLAC, resulting in a total of 63 manual
generated files and 63 automatic generated data
structures. With everything ready, the manually
taken elements were organized for being
compared with the elements that were
automatically generated from the extraction
methods. The comparison was done through the
123 unit tests programmed with the Python
"unittest” library, 60 tests for CVLAC and 63 for
GrupLAC. Each generated table, automatic or
manual, contained a variable number of up to 18
columns, depending on its characteristics, and a
variable number of rows, depending on its
number of records. The results are mentioned in
the section of the same name of this article.

4.4.2. Validation

This activity consisted in the validation of the
requirements proposed for this system in order
to confirm whether it was properly built.
Therefore, it was sought to check whether the
results matched the analysis phase aims. For this
purpose, the assistance of two researchers from
the University of Cauca was requested. The
participants were considered due to their high
academic level in engineering (MSc and PhD) and
their high degree of relationship and experience
with the raised topic. They carried out the
inspection of the tool for a first and a second
validation (respectively) of the fulfillment for
each requirement. The process consisted of
meetings and dialogues held to freely use the tool
in order to approve each requirement and
provide observations to be taken into account in
future work. The results are described in the next
section of this article.

5. RESULTS

The developed software can be accessed through
the shared repository (Mosquera Perdomo &
Salazar Galindez, 2023). The "README" file must
be read to install the project following the
indicated steps. As expressed in the Coding Phase
of the Methodology, Figure 2 presents the
graphical interface generated for users with little



or no technical knowledge to use the tool in an
on-demand update mode. On the other hand,
users with greater technical knowledge can
execute massive extractions of information
concerning the scientific activity of one or
several departments following the instructions
of the repository. In this way, numerous
complete, organized and updated data sets can
be generated for using them in analysis or
exploration activities. For this research, the use
of the tool was applied to the Department of
Cauca.

The system evaluation was successful. The
monitoring tool built within the project to verify
the correct operation of the system yielded an
absolute match for all unit tests executed in both
CvLAC and GrupLAC. The result of the
verification tasks can be found in the shared
repository in the directory indicated by the
instructions. It is possible to run these tests
freely at any time following the indicated
instructions. However, it should be noted that
the manually constructed files contain the
information as of April 2023 and any future
updates on the internet profiles would not be
represented in these, but only in the
automatically generated files. Consequently, any
changes added to the considered profiles will
result in differences with respect to the manual
files, making it necessary to rework them if
future verification tests are meant to be
performed.

Regarding the validation process, all the
requirements were approved in the two
validation stages, which were carried out by two
expert engineers from the Faculty of Electronic
Engineering and Telecommunications of the
University of Cauca. As observations, the
possibilities of handling exceptions in the
installation processes of the system and avoiding
the storage of duplicate values in the databases
were expressed. These considerations were
accepted after the validation process and were
coupled to the source code of the final system.

Finally, general statistics and findings were
obtained from the data sets generated for the
department of Cauca, and a contrast review was
made with respect to the official statistics from

"La Ciencia en Cifras”" of Minciencias tool
(Ministerio de Ciencia Tecnologia e Innovacion,
2023f), regarding the date of July 10 of 2023. The
statistics generated by the built system can be
observed through the console of the system after
executing the massive extraction and persistence
of data from a department. In addition, the
addressed datasets were shared in the
mentioned repository. The comparative points
considered are shown below.

e The total number of researchers
identified in Cauca by Minciencias was
370 in 2021. This research identified a
total of 3062 researchers for the
database generated with GrupLAC,
showing a significant difference with
respect to the official statistics.

¢ The data extracted from GrupLAC made
it possible to identify that at least 62 out
of 118 research groups, have duplicated
articles in their own profiles. Even
articles  verified by  Minciencias
presented this condition, with atleast 56
groups having both verified and
duplicated articles in their own
GrupLAC profile.

¢ Following the previous point, at least
873 duplicated articles were identified
within the groups' profiles, evidencing a
situation of bias in the categorization
processes that use "verified" metrics as
indicators, since they are susceptible for
being artificially inflated. Groups were
identified with up to 7 times the same
article registered and verified in their
own profile, with exact titles and DOls.

e There are -categorical variables in
GrupLAC, referring to scientific activity,
which provide little or null knowledge of
the subject in question. An example of
this is the “research lines”, as 531
different lines were identified in Cauca,
from which only 10 of them were in fact
shared. Most of these research lines do
not behave as categorical data.

e The quality of some data records was
compromised by an erroneous data
entry, referring to text with symbols,



characters, accents, capital letters,
spaces, line breaks and other misapplied
characteristics. Additionally, there is
information that is entered erroneously
in cases where text was registered as
numerical data, dates or boolean
variables, affecting data format.
Incomplete and null values were also
identified throughout the data sets. The
aforementioned information presented
inconsistencies from their original
sources and were rare exceptional cases.

6. DISCUSSION

The addressed results allowed to point
out several important situations that
permeate from the nature of the
bibliographic information gathering, to
the quality of the analyses that can result
from the focused tools. In addition, the
studied conditions involve the actions of
both individuals and entities belonging
to the context environment. It is
recommended to encourage good
practices on the management of
bibliographic information to make it
accurate, precise and complete, as well
as to strengthen the resources available
to capture, analyze and conclude
strategic aspects in decision making
activities derived from this information.
On the other hand, the built system has
demonstrated competent capabilities in
operation and application to enhance
the access and use of research
information in Colombian territories,
being the first tool of its kind focused on
the collection, organization, updating
and persistence of this data.

7. CONCLUSIONS

In this research, a system for the
extraction, structuring and persistence
of bibliographic data of the scientific
activity available in CvLAC and GrupLAC
in Colombian territories was
implemented. During the research, a
case study was carried out on the
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Department of Cauca with the aim of
contributing to the accessibility and
exploitation of these resources in order
to contribute to the conduction of more
and better analyses by the RSTIS actors.
The general conclusions of this research
are presented below:

In the state of the art, several proposals
for the extraction and manipulation of
bibliographic data were observed.
However, no suitable tools were
identified for collecting, updating,
persisting and exploring the targeted
data. Consequently, this project gains
relevance in the research field in
Colombia by proposing a tool that
includes stages of the bibliographic data
flow from its capture to its preparation
for analysis, also noting novel
capabilities for its scalability by
territories and coupling with analytical
tools.

The quality of the data affects the quality
of the analysis that could be carried out
from it. So that, the abstention from
recording bibliographic data, its careless
or incomplete entry and the lack of
rigorousness of the official resources for
their management in the Colombian
context, limit the study of the impact and
development of the research ecosystem
itself. Although it is possible to apply
more data cleaning techniques to handle
the aforementioned situations, the bias
that could be presented in decision
making and strategic planning activities
derived from this information depends
directly on the quality of the records.

Access to wupdated and complete
scientific research information in
Colombia, considering the official
platforms, is tedious and complicated. In
that sense, the datasets generated in this
research, together with the means used
for their creation, encourage the
regulated and efficient provision of open
and organized data for people with or
without technical knowledge within the
RSTIS of Cauca for academic or
administrative activities.The system



evaluation was successful. On the one
hand, expert engineers from the
University of Cauca were available for
the individual inspection of each
requirement of the developed software
in two separated validation sessions. On
the other hand, exhaustive verification
processes for each of the implemented
functions were implemented. The
results were positive in terms of
functionality, usability and satisfaction.

The statistics and findings considered in
the presented results, highlighted the
need to improve some aspects related to
the management of scientific research
information in Colombian territories by
official platforms.
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