
In
ge

ni
er

ía
 S

ol
id

ar
ia

Research article. https://doi.org/10.16925/2357-6014.2023.03.06
1 Doctorando en proyectos, línea de investigación TIC, Programa de contaduría públi-

ca, Programa de Ingeniería de sistemas, Grupo de investigación ESLINGA, Universidad 
cooperativa de Colombia.

 Email: Julian.mera@crepic.org.co, julian.mera@campusucc.edu.co  

 ORCID: https://orcid.org/0000-0003-4695-8022 

 CVLAC: https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do? 
cod_rh=0000018983

2 Doctor en sistemas energéticos y optimización 2: Grupo de investigación TERMOMEC, 
Universidad cooperativa de Colombia.

 EmaiL: ramon.colmenaresq@campusucc.edu.co 

 ORCID: https://orcid.org/0000-0003-1166-1982

 CVLAC: https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do? 
cod_rh=0000192503

Methodological design of a 
strategy for the productive 
and sustainable development 
of communities in Cauca
Diseño metodológico una estrategia para el desarrollo productivo y 

sostenible de comunidades en el Cauca

Desenho metodológico uma estratégia para o desenvolvimento 
produtivo e sustentável das comunidades do Cauca

Julián Andrés Mera Paz1

Ramón Fernando Colmenaresquintero2

Received: May 15th, 2023
Accepted: July 25th, 2023

Available: September 15th, 2023

How to cite this article:  
J.A. Mera Paz, R.F. Colmenaresquintero, “Methodological Design of A Strategy for The 

Productive and Sustainable Development of Communities in Cauca,”  
Revista Ingeniería  Solidaria, vol. 19, no. 3, 2023.  

doi:  https://doi.org/10.16925/2357-6014.2023.03.06

mailto:Julian.mera@crepic.org.co
mailto:julian.mera@campusucc.edu.co
https://orcid.org/0000-0003-4695-8022
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0000018983
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0000018983
mailto:ramon.colmenaresq@campusucc.edu.co
https://orcid.org/0000-0003-1166-1982
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0000192503
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0000192503


2 Methodological design of a strategy for the productive and sustainable development of communities 
in Cauca

Ingeniería Solidaria e-ISSN 2357-6014 / Vol. 19, no. 3 / september-december 2023 / Bogotá D.C., Colombia
Universidad Cooperativa de Colombia

Abstract 
Introduction: The productive and sustainable development in the department of Cauca depends to a large 

extent on the effective use of information and communication technologies (ICT). However, the institutional 

framework lacks mechanisms or methods to select investment projects with ICT resources. This situation has 

become an obstacle to economic growth and the improvement of social conditions in the region. 

Methods: In this article, the construction of a methodological design, one that allows for the selection and 

evaluation of projects with ICT resources that contribute to the solidarity economy of Cauca communities, is 

consolidated. The investigative process used a mixed approach, carrying out a systematic review of academic 

and political-organizational information, after which proposals and selection criteria used in Cauca in the last 

5 years were analyzed. 

Results: With the information collected and analyzed, a route for the selection and evaluation of projects was 

compiled. Likewise, user stories were used to create a simulator that materializes the process of selecting and 

evaluating projects in a more efficient and effective way. 

Conclusions: In conclusion, the creation of the methodological design, materialized in the simulator, represents 

a valuable tool for the department of Cauca, since it allows for a rigorous and coherent evaluation of investment 

projects with ICT resources 

Originality: Promoting productive growth, the solidarity economy also contributes to sustainable development 

for the communities of Cauca. 

Limitations: The sample was limited due to the geographical location of the municipalities.

Keywords: Information and communication technologies, productive development, investment projects, me-

thodological design, sustainable development goals, solidarity economy, Cauca.

Resumen
Introducción: El desarrollo productivo y sostenible en el departamento del Cauca depende en gran medida de la 

utilización efectiva de las tecnologías de información y comunicación (TIC). Sin embargo, la institucionalidad 

carece de mecanismos o métodos para seleccionar proyectos de inversión con recursos TIC. Esta situación se 

ha convertido en un obstáculo para el crecimiento económico y la mejora de condiciones sociales en la región. 

Métodos: En este artículo, se consolida la construcción de un diseño metodológico que permite seleccionar 

y evaluar proyectos con recursos TIC que aportan a la economía solidaria de comunidades del Cauca.  El 

proceso investigativo se abordó desde un enfoque mixto, realizando una revisión sistemática de información 

académica y político-organizativa, después se analizaron propuestas y criterios de selección utilizados en el 

Cauca en los últimos 5 años. 

Resultados: Con la información recolectada y analizada, se diseñó una ruta para la selección y valoración de 

proyectos. Así mismo se utilizaron historias de usuario para crear un simulador que materializa el proceso de 

seleccionar y evaluar los proyectos de forma más eficiente y efectiva. 

Conclusiones: En conclusión, la creación del diseño metodológico, materializado en el simulador representa 

una herramienta valiosa para el departamento del Cauca, ya que permite una evaluación rigurosa y coherente 

de los proyectos de inversión con recursos TIC, 

Originalidad: fomentando el crecimiento productivo, la economía solidaria al mismo tiempo se contribuye al 

desarrollo sostenible para comunidades del Cauca. 

Limitaciones: Por la ubicación geográfica de los municipios se tuvo que limitar la muestra. 

Palabras clave: Tecnologías de información y comunicación, desarrollo productivo, proyectos de inversión, 

diseño metodológico, objetivos de desarrollo sostenible, economía solidaria, Cauca. 
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Resumo
Introdução: O desenvolvimento produtivo e sustentável no departamento de Cauca depende em grande parte 

do uso efetivo das tecnologias de informação e comunicação (TIC). No entanto, o quadro institucional carece 

de mecanismos ou métodos para selecionar projetos de investimento com recursos de TIC. Esta situação 

tornou-se um obstáculo ao crescimento econômico e à melhoria das condições sociais na região. 

Métodos: Neste artigo se consolida a construção de um desenho metodológico que permite selecionar e 

avaliar projetos com recursos TIC que contribuam para a economia solidária das comunidades do Cauca. O 

processo investigativo foi abordado a partir de uma abordagem mista, realizando uma revisão sistemática da 

informação acadêmica e político-organizacional, após o que foram analisadas as propostas e os critérios de 

seleção utilizados em Cauca nos últimos 5 anos. 

Resultados: Com as informações coletadas e analisadas, foi elaborado um roteiro para a seleção e avaliação 

dos projetos. Da mesma forma, foram utilizadas histórias de usuários para criar um simulador que materializa 

o processo de seleção e avaliação de projetos de forma mais eficiente e eficaz. 

Conclusões: Em conclusão, a criação do desenho metodológico, materializado no simulador, representa uma 

ferramenta valiosa para o departamento de Cauca, pois permite uma avaliação rigorosa e coerente de projetos 

de investimento com recursos TIC 

Originalidade: promoção do crescimento produtivo, economia solidária ao mesmo tempo contribui para o des-

envolvimento sustentável das comunidades do Cauca. 

Limitações: Devido à localização geográfica dos municípios, a amostra teve que ser limitada.

Palavras-chave: Tecnologias de informação e comunicação, desenvolvimento produtivo, projetos de investi-

mento, desenho metodológico, objetivos de desenvolvimento sustentável, economia solidária, Cauca.

1. INTRODUCTION
The structure and execution of online investment projects in information technolo-
gies are essential for strengthening productivity and sustainability [1]. Following a 
methodological design is necessary to ensure the sum of tools and techniques re-
sult in results that can be obtained in a structured and systematic manner [2]. The 
department of Cauca depends to a large extent on the proper use of investment proj-
ects [3], as it is a region in the south-west of Colombia, affected by various problems 
such as the absence of public services and connectivity in large areas, the presence 
of different illegal armed groups [4], adverse climatic conditions [5], among others. 
Currently, the institutional framework does not have a clear path of application meth-
ods or mechanisms to select and evaluate investment projects focused on ICT, which 
directly impact the organizational strengthening of communities towards a solidary 
and sustainable economy [6].

This article consolidates the construction of a methodological design that al-
lows the selection and evaluation of investment projects with ICT resources that con-
tribute to the productive development and the solidarity economy of the communities 
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of the department of Cauca. For the development of the investigative process, an 
approach was used mixed with a type of participatory action research, understood 
from the approach of “the life strategy that includes the creation of spaces for col-
laborative learning and the design, execution and evaluation of actions to achieve a 
better quality of life” [7], combining quantitative and qualitative elements, which were 
addressed in five phases based on the relationship of information and communication 
technologies, the communities of the department of Cauca, investment projects and 
their influence on productive development, the solidarity economy and the challenges 
of sustainable development. The design was structured in 5 phases related to the 
specific objectives of the research project with a series of activities to achieve them:

Phase 1: Understand the existing dynamics, models, and methodologies to 
select projects that will impact the productive and economic development and the 
sustainable development objectives of communities; a case study for the department 
of Cauca.

1. Search for information
2. Select the information
3. Define inclusion and exclusion criteria
4. Classify the information

Phase 2: Analyze the ICT-supported projects that have been selected to impact 
productive, economic development and sustainable development objectives in com-
munities in the department of Cauca.

1. Identify the ICT-supported projects that have been selected and applied to 
communities in the department of Cauca.

2. Determine the selection process carried out in the identified projects.

Phase 3: Design a measurement and evaluation model in the prospective phase 
of ICT resources for productive and economic development projects and the sustain-
able development objectives of communities in the department of Cauca.

1. Determine the components and/or variables for the design of the mea-
surement and assessment model for the selection of projects with ICT 
resources for communities in the department of Cauca.

2. Define the structure of the model to be implemented in software.



5Julián Andrés Mera Paz, Ramón Fernando Colmenaresquintero

Ingeniería Solidaria e-ISSN 2357-6014 / Vol. 19, no. 3 / september-december 2023 / Bogotá D.C., Colombia
Universidad Cooperativa de Colombia

Phase 4: Simulate a methodological design in the prospective phase of ICT re-
sources to evaluate the impact that is generated in the productive, economic develop-
ment and the sustainable development objectives of communities in the department 
of Cauca.

1. Implement functional software in the prototype stage, applied to the model 
created.

2. Make initial tests of the operation according to the test cases.

Phase 5: Evaluate the effectiveness of the simulation of the methodological 
design in the prospective phase of ICT resources in the productive, economic develop-
ment and the sustainable development objectives of communities in the department 
of Cauca.

1. Validate the functional software in the prototype stage with real data.
2. Generate a functional software behavior report.

The phases were progressed sequentially, with Phase 1 applying the technique 
of technological surveillance [8] of patents and papers in specialized databases. The 
following databases were consulted for patents: Google Patents, Patentscope, USPTO, 
Carrot2; and for articles: ProQuest, Springer, ScienceDirect, Scopus, Dialnet. The aim 
was to understand the relationship that may exist between productive development, 
economic and sustainable development objectives with projects supported by ICT, 
over the last 5 years. Thus establishing a systematic review of academic and polit-
ical-organizational information to contextualize the situational analysis of the prob-
lem, followed by an analysis of the proposals and criteria established for the selection 
and evaluation of ICT projects carried out in the last 5 years by the department of 
Cauca. Discussion groups were also held with representatives of the associations, 
and semi-structured interviews with the people who make decisions in the selection 
and evaluation of the aforementioned projects. This qualitative cohort activity made it 
possible to understand the different perspectives of the key actors in the process, after 
which, with the information collected and analyzed, the methodological design was 
created for the prospective phase of ICT resources for the department of Cauca as a 
route for the selection and evaluation of the proposals with the purpose of improving 
the effectiveness and certainty in the decisions of the process. This input added to the 
documented user stories following an agile reference framework for software develop-
ment called SCRUM [9], allowing for the development of a simulator that materializes 
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all the actions of the process in a clear and concise way. Subsequently, a validation 
process was carried out in which the representatives of the associations filled out a 
questionnaire regarding the level of satisfaction of the technological solution devel-
oped with a social and community purpose (Figure 1).

Technological 
surveillance of patents 

and papers in 
specialized databases

Delivery of the 
methodological 
design created.

Creation of the 
methodological 
design for the 

prospective phase of 
ICT resources in the 
economic develop-

ment and the 
challenges of 
sustainable 

development in 
communities of the 

Department of Cauca

Realization of discussion 
groups and field work

Analysis of existing 
methodological 

designs and 
prospective models

Application of 
inclusion and 

exclusion criteria

Figure 1. Route of the research process
Reference: Own work

Finally, it can be established that the construction of the methodological design 
materialized in the simulator represents a valuable tool for the institutional framework 
in the department of Cauca, strengthening the selection and evaluation procedure 
of investment projects with ICT resources and benefits associations as it promotes 
adequately the productive development, solidarity economy, contributing to the sus-
tainable development of the communities.

1.1 Literature review or research background
The concept of sustainable development was born in the Bruntland report [10] as 
a general concept of social objective processes and the self-sustainability capacity 
of communities. From this, a phenomenon that breaks the paradigms is generated, 
when nations came together with the purpose of articulating guidelines to face com-
mon problems and framed, in September 2015 in the general assembly of the United 
Nations, an action plan with the intention of favoring people, the planet, minimizing 
risks and trying to guarantee prosperity [11]. The 2030 agenda is oriented towards 
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sustainable development and is framed within the 17 Sustainable Development Goals 
(SDGs), which were cataloged by more than 200 heads of state or government, high-
lighting the way to act as one world and the transformation of this through good living, 
prosperity, and tranquility for everyone in the world [12]. Likewise, the department of 
Cauca, in its departmental development plan called “42 reasons to move forward” 
emphasizes that peace is achieved with social innovation. Textually it focuses on that 
“Peace with social innovation is a dynamic process of integration between innovation, 
technology, detection and solution of social problems that seek to improve the quality 
of life of the inhabitants of the department of Cauca” [6]. Due to the various problems 
mentioned above, union, solidarity and resilient processes have been awakened in 
the Cauca community. It is appropriate to mention that socio-community and/or po-
litical participation is a very powerful tool that promotes the synergistic articulation 
of various dimensions of resilience at different levels, enabling a way out of different 
problems, by working together to address common challenges that strengthens the 
sense of belonging and mutual support, in turn reducing possible crises with a greater 
degree of well-being [13].

Going deeper into the research process, Phase 1 was carried out, establishing 
an information search protocol in which some guiding questions were raised that will 
facilitate the search process and meaning of the information that was intended to be 
obtained, defining the following:

What are the stages, processes, procedures, policies, and roles for the selec-
tion of projects with ICT resources that impact a community?
What technological tools exist in the market or in the academy for the selection 
of projects with ICT resources that have an impact on a community?

Following this, some keywords were established to make the search process 
efficient in metasearch engines, with the purpose of bringing the search closer to 
assertive results. The application of Boolean operators was used, combining elements 
of the keywords with AND, OR, NOT, using them to combine search terms for more ac-
curate results. It is true that classical logic underlies search strategies, since Boolean 
operators are based on propositional logic and allow search terms to be combined 
in a logical and coherent manner, following the parameters of [14] who state that in a 
process search “It is necessary to analyze each case individually and use logical rea-
soning to determine the best search strategy to follow”. With the intention of achieving 
a higher search index and obtaining quality information, the search was refined with 
inclusion and exclusion criteria as follows:
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Inclusion Criteria:
• The document, article, patent, or other approaches the definition, descrip-

tion or content of interest in relation to the stages, processes, procedures, 
policies and roles for the selection of projects with ICT resources that have 
an impact on a community.

• The document, article, patent, or other approaches a solution, an experi-
ment or a reference model to create a simulator that results in a selection 
of projects with ICT resources that have an impact on a community.

• The document, article, patent or other mentions good practices, an exam-
ple already applied, or lessons learned when selecting projects with ICT 
resources that impact the community.

Exclusion Criteria:
• The document, article, patent or other is out of interest, does not report 

relevance for this research project.
• The document, article, patent or other is out of context or does not directly 

contemplate the purpose of the search based on the defined keywords.
• The document, article, patent, or others does not propose any approxima-

tion towards the solution defined in this research project.

It was possible to obtain results of international, regional, and national studies 
and events that point to the research topic:

[15] mentions that for Ibero-America the policies for the incorporation of 
Information and Communication Technologies (ICT) can offer many opportunities for 
the development of cultural communities that are usually excluded. These policies can 
help improve digital inclusion and human development through the exchange and con-
struction of knowledge of individuals and strengthen the productive development of 
communities. [16] shows the progress in the development of the education postulate 
with emphasis on the social and solidarity economy at the Universidad Cooperativa 
de Colombia, which has a focus on promoting citizen participation and generating 
awareness and visibility around the solidarity economy. Its goal is to promote entre-
preneurship and social innovation, with an impact on both internal and external com-
munities. It recognizes the existence of an evident crisis in the social, economic, and 
environmental dimensions, which has led to the need for universities, governments, 
and civil society organizations, including those of the social and solidarity economy, to 
define strategies to improve the quality of life and promote sustainable development.
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[17] mentions that public policies and development efforts, in relation to ICTs, 
focus on reducing digital divides and ensuring that marginalized people and commu-
nities have access and the ability to appropriate opportunities offered by ICT. This 
may include measures such as digital training programs, subsidies for the acquisition 
of Internet devices and services [18], and policies to respond to accessibility and the 
inclusion of people with disabilities, as well as the opportunity to strengthen projects 
for productive and economic development of the regions. The postulate of [19] states 
that the use and exploitation of ICT can be a key factor to improve public manage-
ment and promote greater citizen participation in decision-making. Subnational gov-
ernments have an important role in bringing citizens closer to the administration and 
streamlining processes through the use of ICTs. Collaboration between government 
and citizens, supported by technology, can help generate a culture of transparency and 
participation that benefits all of society. For its part, [20] made a reflection, in which it 
analyzes the productive chains as a great source of opportunities for entrepreneurs 
who live in rural areas, concluding on the importance of where the support of the 
public sector stands out, through favorable legal frameworks and business promotion 
programs, playing a crucial role in the support and growth of communities, facilitating 
access to resources, financing and advice, creating a favorable environment for the 
creation and consolidation of enterprises. The study carried out in [21] discusses an 
important initiative that provides a model for the debate on the role of engineering, 
science, technology, and innovation in marginalized regions of Latin America, and how 
community innovation can be an effective way to promote citizen participation and 
sustainable development in regions with limited resources and significant challenges. 
In addition, it can help change the way people think about development, fostering more 
inclusive and sustainable approaches, through projects with well-invested resources.

For its part, the government of Cauca has in its organization chart the planning 
advisory office, which has the following functions:  

1. Advise and coordinate the design, preparation, presentation, and execution 
of the departmental development plan.

2. Coordinate the preparation of the annual action plans that the different 
dependencies must formulate to execute the departmental development 
plan.

3. Coordinate the harmonization, monitoring and evaluation of departmental 
and municipal development plans.

4. Monitor the investments made by the national government in the 
department.
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5. Prepare the annual operating investment plan -POAI– in coordination with 
the finance ministry.

6. Advise the other dependencies of the departmental administration in the 
formulation of programs and projects for the management and investment 
of departmental resources, the nation, the private sector, and national and 
international cooperation organizations. 

It is in this office where projects for productive and economic development 
and application to the challenges of sustainable development are led, advised, and 
selected [6].

Currently in the office there is a registry of 100 associations or cooperatives 
legally attached to the government of Cauca, that is, they meet the requirements 
of existence and legal representation, have RUT or NIT, legal representatives in the 
chamber of commerce, email, certificate of Constitution. In addition to this, there is 
important information reported by the previous administration of the Government of 
Cauca [22], where among others in the  OCAD1 of science, technology and innovation, 
which administers 10% of the resources of the general system of royalties at the na-
tional level -SGR, the department of Cauca has obtained the approval of 20 projects 
for a value close to $123 billion pesos, which shows the progress in the region. It is 
then evident that there is an application of projects, the resources arrive, but there is no 
evidence of a methodology in the prospective phase focused on some characteristics 
and technical conditions, nor a process for measurement and evaluation that allows 
ICT resources to have a destination and be more productive.

2. MATERIALS AND METHODS
A systematic review of information was the key method to establish the methodologi-
cal design in this research process, for which 7 steps mentioned in [23] were followed, 
which are described as follows:

1. Prepare the computer resources: for this, the team determined the use of 
metasearch engines for the review of existing papers and patents, in rela-
tion to the research process.

1 OCAD: Collegiate administration and decision-making body, entity responsible for making 
viable, prioritizing and approving investment projects financed with royalty resources.
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2. Design the PICO question: Where the research question or questions were 
established with an objective, they were focused on the search-oriented 
process.

3. Choose the variables of the structure that are intended to be studied.
4. Use the keywords, operators and do the bibliographic search
5. Initial selection of the results, order the articles
6. Apply inclusion and exclusion criteria, defining the final selection of results.
7. Apply the results to the writing of a research report.

Total number of duplicate records or citations removed.

Number of records or 
additional citations identified 

in other sources.

Number of records or 
citations identified in 

the searches.

Total number of 
duplicate records or 

citations 

Total number of 
records or citations 

deleted.

Total number of full-text 
articles analyzed to decide 

their eligibility. 

Total number of studies 
included in the qualitative and 
quantitative synthesis of the 

systematic review.

Total number of full-text 
articles excluded and 

reasons for their exclusion. 

Figure 2. Information obtained with the application of the systematic review of  
information [24].

From the results of the systematic review of information (Figure 2) and back-
ground, the information was classified as the final activity of Phase 1, obtaining the 
following tables:
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Table 1. Patent search results

Database Quantity
Google Patents 1

Patentscope 2

USPTO 1

Carrot2 3

Reference: Own work

Table 2. Database search results

Database Quantity
ProQuest 4

Springer 3

ScienceDirect 5

Scopus 0

Dialnet 3

Reference: Own work

With the results of Tables 1 and 2, it was observed that there is a notable scar-
city of information in the academic and industrial environment regarding the research 
process. Therefore, an undeniable opportunity was evidenced, to materialize the study 
with a real case to be applied and building the route to consolidate the methodological 
design and its materialization in the software-type simulator.

Following the information search process, an analysis was carried out on the 
existing methodological designs and prospective models. A finding is Law 2056 of 
2020 that applies to the DNP (National Planning Directorate) in which a guide is es-
tablished for the participatory planning of investments with royalty resources [25]. 
There is also a document created in November 2004 by the DNP called Methodology 
for monitoring investment programs and projects. In the Ministry of Information 
Technology and Communications MINTIC there is an ICT promotion guide called 
Objective Selection Process. Based on the analysis and findings of these documents, 
the proposal is strengthened and structured to create a simulator that has robust 
characteristics. In the results chapter, the information of this is detailed in depth. After 
that, two discussion groups were held [26] with people who were part of the research 
sample; these as a vehicle of expression from ideologies and social worldviews, taking 
into account the observation of the behavior of the attendees in verbal and non-verbal 
communication, exploring elements of difficult access. Likewise, two interviews were 
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conducted to selected people who are characterized as being experts in planning and 
assigning projects in the Government of Cauca. With the classified and consolidated 
information, the methodological design was created along with a simulator to control, 
review, apply metrics, evaluate, and generate results of the applications represented 
in proposals of the associations of the department of Cauca.

Population and Sample
The team took into account the statistics of the DANE2 of 2018 where it is estab-
lished that the inhabitants of the department of Cauca number 1,404,313. This is the 
population directly or indirectly affected by the investment projects with ICT resourc-
es presented by the associations. However, the planning office of the department of 
Cauca has 100 associations that are linked and have their processes in accordance 
with Colombian laws to be representative; Therefore, the number 100 is taken as the 
population in this project.

In order to define the sample, a probabilistic sampling formula is applied.

Where: n= Sample size, Z= Desired confidence level (95%), therefore Z=1.96; 
P= Proportion of the population with the desired characteristic (success) (0.95), Q= 
Proportion of the population with the desired characteristic (failure) (0.05), N= Size of 
the population (100), E= Sampling error level (0.05)

Replacing the data:

A sample of 37 of the associations linked to the municipal planning office with 
their respective representation is taken.

2 DANE: National administrative department of statistics in Colombia, in charge of con-
ducting the national census.
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Considering the criteria of the applied research methodology and that there is 
a codependency of the relationship with participatory action research, qualitative and 
quantitative variables are established (Figure 3) under the relationship of impact or 
benefit with the community.

Qualitative

Quantitative

Budget allocation of the 
Department of Cauca

Compliance in quality 
and quantity

Compliance in quality 
and quantity

Compliance in quality 
and quantity

Organizational and 
investigative

Asertive 
communication

Perception of the Cauca 
community regarding the 
benefits of the projects

Number of 
associations selected 

with applicability of 
ICT resources.

Number of models 
and methodological 
designs compared 
to the applicability 
of ICT resources.

Number of 
productive and 

economic projects

Perception of the Cauca 
community regarding 

models and 
methodological

Community satisfaction 
with productive and 
economic projects

Impact of ICT son 
productive and 

economic 
development and 

towards the 
challenges of 
sustainable 

development in 
communities of the 

Department of Cauca

 Figure 3. Quantitative and qualitative variables
Reference: Own work

The diagnostic instruments are from their own source. They were adopted to 
the conditions found in the project. The structure and discourse for the discussion 
groups were organized, in addition to the development of two semi-structured inter-
views with experts in planning from the department of Cauca and therefore relevant 
in the decision-making process.

It was possible to establish participation in 4 discussion groups with the assis-
tance of 9 people representing the associations (Figure 4), the medium used for the 
realization was the Gessell camera [27]. This is due to the fact that it is an adequate 
space for the collection of information. For the purposes of observation, preparation 
had to be made before the events and to establish a time, the selected one was exactly 
at 6:00 p.m.; this due to the ease of attendance by the summoned.



15Julián Andrés Mera Paz, Ramón Fernando Colmenaresquintero

Ingeniería Solidaria e-ISSN 2357-6014 / Vol. 19, no. 3 / september-december 2023 / Bogotá D.C., Colombia
Universidad Cooperativa de Colombia

Figure 4. Discussion groups with the associations attached to the government of Cauca.
Reference: Own work

For the development of the discussion groups, a guide was prepared with some 
dimensions to be addressed:

1. Dimension of the formation of the cooperative or association
2. Dimension of the organizational process towards a solidarity and sustai-

nable economy
3. Dimension of projects that have been favored.
4. Dimension of benefits of assigned projects
5. Dimension from what the government of Cauca is expected to do for the 

assignment of projects.

Focusing on the 5 dimensions, and under the moderation of one of the own 
work of this document, dialogues were held with the participants to explore and un-
derstand their perception and adoption of the dimensions raised in the discussion 
groups. Through this interaction, the different outcomes were reflected upon and both 
the verbal and non-verbal responses of the participants were observed.

On the other hand, two officials from the planning office of the Government of 
Cauca, experts involved in the project selection and evaluation process, were asked to 
respond to a semi-structured interview consisting of 10 questions as follows: 

1. From your job position, do you consider that the Government of Cauca has 
criteria and metrics to select projects with defined and adequately oriented 
ICT resources?

2. Do you consider it appropriate and pertinent that the projects that the de-
partment of Cauca commits to be supported by a methodological design?
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3. How do projects with ICT resources impact productive and economic de-
velopment and the challenges of sustainable development for the depart-
ment of Cauca?

4. What parameters should be the most important to take into account when 
formulating an ICT resource project for the department of Cauca?

5. In your opinion, how are projects associated with ICT resources to benefit 
the communities of Cauca?

6. Based on your experience, do associations and/or cooperatives have clear 
routes to formulate projects with ICT resources?

7. According to your participation in project formulation, what would be the 
results for a community that is selected with the approval of an ICT project?

8. To what extent can it be considered that there is a relationship between the 
prospective phase of ICT resources and the benefits for communities in the 
department of Cauca?

9. What do you consider to be the importance for a community that the gover-
nment of the department of Cauca approves a project with ICT resources?

10. Do you consider that, through a research process, a technological instru-
ment can be consolidated that facilitates the process of selecting and as-
signing projects with ICT resources for the communities of Cauca.

With the application of research instruments and/or diagnostic tools, it was 
possible to make visible the speeches and narratives of those involved and experts, 
allowing an analysis that led to responding to the problem statement, addressing 
the answers to the questions, research and checking the relevance of the proposed 
hypothesis.

Data analysis
A qualitative analysis was carried out from a microanalysis of the information ac-
cording to what was stated in the grounded theory [28]. The initial procedure was 
carried out through open coding, segmenting the data with axial codes, performing 
textual and contextual analysis of the discourse, examining similarities and differenc-
es. At the end of the process, it was possible to classify knowledge, coherence and 
proceedings in three categories, the discussion groups were recorded with the ver-
bal authorization of the participants. From this, the analysis was carried out using 
the Atlas.ti software. Defining the initial categories, the information was condensed 
into subcategories. For the category “knowledge” (Figure 5) it was split into the 
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subcategories of basic knowledge and in-depth knowledge of the subject. Regarding 
“coherence”, it was divided into subcategories: relationship between projects with ICT 
resources and benefits, and the connection between the association or cooperative 
with projects with ICT resources; for its part, the category “proceedings” is divided 
into subcategories: processes used to apply a project with ICT resources and results 
obtained with experiences of projects with assigned or approved ICT resources. From 
the subcategories, the properties, actions and interactions of the discourse were ob-
served, later an explanatory diagram was created.

Knowledge

Basic knowledge 
of the subject

In-depth knowledge 
of the subject

Relationship between 
projects with ICT 
resources and benefits

Connection between 
the association or 
cooperative whit ICT 
resource projects

Processes used to 
apply for a project whit 
ICT resource.

Results obtained with 
experiences of 
projects with 
assigned or approved 
ICT resources.

Coherence Proceedings

Figure 5. Categories y subcategories
Reference: Own work

On the other hand, the interviews were carried out in a semi-structured format 
based on theoretical components [29]. Through open coding, the segmentation of the 
discursive categories or theoretical saturation proposed by [30] will be carried out, 
and finally the interpretation of the qualitative results. For the results of the interviews 
in questionnaire format, it was decided to carry out a qualitative analysis using the 
ATLAS.ti software.

3. RESULTS 
With the analysis of the data obtained, in the process of classification and analysis 
of the documentation, discussion groups and interviews, it was possible to obtain 
some relevant categories for the measurement and assessment of the proposals or 
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projects presented by the associations (Communities). For this, a step by step or path 
of the methodological design is established, made up of the following steps:

1. The roles involved in the project for filing, review and evaluation, and admi-
nistration or control.

2. Consistency between the title of the proposal, the association, the national 
plan, the departmental plan, and the municipality where the proposal will 
be implemented.

3. Relationship of the proposal with the objectives of sustainable develop-
ment and its mandatory nature

4. Articulation of a problem tree (having a central problem, description and 
magnitude, direct and indirect causes, direct and indirect consequences)

5. Characterization and articulation to the objectives (number of people 
affected by the problem and age by category, project execution time, ethnic 
groups, general and specific objective, activities, direct and indirect effects)

6. Analysis of the risks of the proposals
7. Budget broken down by items (human talent, transportation, materials and 

supplies, computer equipment, licenses and software, training, events, etc.)
8. Define a scoring scale and some limits and maximums for evaluation pur-

poses by the reviewer(s).
9. Store the data and be able to generate reports.

With the steps and the information, the user stories are established, to create 
a division of modules in the construction of the simulator, classifying the modules in 
strips (Table 3), giving order to the presentation of simulator interfaces.

Table 3. Distribution in modules or strips of the simulator

Strip 1 Strip 2 Strip 3 Strip 4 Strip 5 Strip 6

Autenticate roles General data
Description of the 

problem
Characterization Risk analysis Budget

Administrator
Title of the  
proposal

Core problem
Number of people 

affected by the 
problem

Description of risk Human talent

Reviewer
Association and 

identification 
number

Description
Proposal execu-

tion time
Probability

Displacement or 
travel

Consultant

Articulation to the 
SDGs, national, 

departmental, and 
municipal plan

Magnitude Age by categories Impact
Licensing/ 
Software

(continúa)
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Strip 1 Strip 2 Strip 3 Strip 4 Strip 5 Strip 6

 
Municipalities 

benefited
Direct causes Ethnic groups Impact effects

Materials and 
supplies

    Indirect causes General objective
Mitigation  
measures

Technological 
equipment

   
Direct  

consequences
Specific objectives   Trainings

   
 Indirect  

consequences
Activities   Events

      Direct effects  
Contracting of 

external services

      Indirect effects   Project monitoring

          Infrastructure

         
Administrative 

expenses

         
Stationery and 
office supplies

          Others

          Total

Reference: Own work

With the clarity that the project proposals presented by the associations cannot 
be approved in their entirety, due to the limitation of financial resources for investment 
in ICT projects by the government of Cauca, limitations and conditions were taken 
into account, abstracted from the discussion groups and interviews that allowed to 
parameterize elements in the simulator. This allowed the reviewer role assigned by 
the government to follow a rating scale according to the content and its thematic 
expertise. With this, it was possible to measure efficiently and effectively, evaluating 
the relevance of the proposals regarding productive development, solidarity economy 
and sustainable development challenges.

The rating was established by assigning values to each range, from 1 to 20, with 
1 being the minimum value and 20 the maximum. The values were left in a drop-down 
list to avoid typing errors in such an important assessment process. Once the reviewer 
selects the rating for each range, the simulator will be adding the accumulated ratings, 
so the reviewer will be able to observe and save their measurement or assessment 
process. There are two conditions that stood out in the collection of information in the 
discussion groups and interviews, and therefore it was necessary that they materialize 
in the simulator:

Condition 1: Those proposals that have a score of  less than 10 points in each 
of the items mentioned in the problem, characterization, and budget items, must go 
to the list of ineligible proposals for resource allocation.

(viene)
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Condition 2: For a proposal to be eligible for allocation of resources, it must have 
obtained a score equal to or greater than 70 points and, in addition, its score must be 
equal to or greater than 10 points in the problem, characterization, and budget items.

With the design parameters and clarity in the evaluation process, the following 
action was carried out:

Simulate a methodological design in the prospective phase of ICT resources 
to evaluate the impact that is generated in the productive, economic development 
and the objectives of sustainable development of communities in the Department  
of Cauca.

According to the methodological processes carried out and that technically the 
development was carried out with the Laravel framework [31], Mysql is used as a tool 
for managing databases, with which non-relational tables are established in the first 
instance (Figure 6), necessary for the authentication process or login to the simula-
tor [32]. This process takes into account that the roles (Administrator, reviewer and 
consultant) must be managed. For this, a Laravel function called laravel-permission 
[33] is used. With this functionality, the coding process was facilitated for the access 
permissions from the roles to the information that is allowed or restricted within the 
simulator. With this defined, the tables for the roles and the permissions model are 
generated for the database (Figure 6), with the respective relationships between the 
tables.

Figure 6. non-relational tables for the database
Reference: Own work
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Consistent with the development process following the SCRUM reference 
framework [9], it is essential to take into account the importance of the quality testing 
process in the development of software products, since this contributes to improving 
their quality and reliability throughout the entire project life cycle [34]. The implemen-
tation of a software quality testing process allows a review and control of defects, 
faults and errors detected, which facilitates the generation of higher quality solutions. 
In this way, software quality tests become an essential tool to guarantee that the final 
product meets the established requirements and works properly, thus minimizing the 
risks of failures and increasing customer satisfaction [35]. In summary, investing in a 
software quality testing process is essential to achieve higher quality and more reliable 
software products. For this reason, tests were carried out alternately through white 
box and black box techniques, and work was done on the implementation of a test 
review matrix (MRP).

At the same time that the user stories were established, the test cases were 
created, following the V-Model (Figure 7) [34].

Acceptance Test Design

System Test Design

Integration Test Design

Unit Test
Design

Requirement 
Analysis

Coding

Architecture 
Design

Module 
Design

Unit
Testing

Integration 
Testing

System 
Design

System 
Testing

Acceptance 
Testing

Figure 7. V-shaped model
Reference: Own work
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App functionality 
For the authentication in the simulator, the registration was through email and pass-
word (Figure 8), and its corresponding role (administrator, reviewer or consultant); the 
simulator will allow viewing the parameterized information for each role. 

Figure 8. Simulator authentication interface
Reference: Own work

Once you have entered the profile, you will be able to interact with the simula-
tor options according to the methodological design and the route established in the 
user story. For example, in the case of the reviewer, the qualification of the range is 
established in the range of 1 to 20. Once finished evaluating the five bands that make 
up a submitted proposal, the reviewer must save this qualification by clicking on the 
qualify button (Figure 9).

Figure 9. Qualification from the reviewer role
The language of the software is Spanish.

Reference: Own work
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According to the established parameters, it is possible to observe if a proposal 
is “Eligible” or “Ineligible” (Figure 10), observing the proposals and the observations of 
the condition of the proposal. This facilitates the preparation of effective reports and 
also provides clear information to the associations of the status of the proposals. For 
the planning office, it becomes a control, monitoring and storage tool of the proposals, 
enabling decision-making with a lower margin of error and with an assertive process 
following the guidelines and parameters of the methodological design established for 
its development.

Figure 10. Simulator display
The language of the software is Spanish.

Reference: Own work

As a consolidation process, the simulator was launched, taking into account 
the presentation of a proposal from each of the 37 associations that were the object 
of the study sample, who had an awareness and training plan regarding the inclusion 
of the proposals in the simulator. Likewise, the inspectors of the government of Cauca 
were trained for the administration and review of the simulator. A questionnaire of 
satisfaction of the simulator was carried also out.

4. DISCUSSIONS AND CONCLUSIONS
This component addresses the most outstanding and relevant aspects that emerged 
from the investigation. The results obtained since its construction are exposed, con-
trasting it with the results of the application of the satisfaction level questionnaire.
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Likewise, conclusions of the research process are presented, establishing a 
connection between the research questions and the general objective of the project.

The results of the satisfaction questionnaire are the following:

25

12

0
0

Very Easy

Easy

Its use was not clear

In your experience with the simulator, how did your association with the way of using it go?

In general I do not
handle systems

Figure 11. Question 1
Reference: Own work

Figure 11 shows that 68%, that is, 25 of the associations, stated that it is very 
easy to use the simulator, and 32%, that is, 12 associations, indicated that it was easy 
to interact with the simulator. This allowed us to validate that it is a technological tool 
that can be used in an understandable way for the inclusion of the proposals.

0 5 10 15 20 25 30 35 40

37

0

0

Yes

No

Do not know not answer

Do you think that the simulator provided you with
a clear guide to present your proposal ?

Figure 12. Question 2
Reference: Own work
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In the result of the answers to Question 2 (Figure 12) it is evident that 97.2% of 
the associations, that is, 36 of the respondents considered that the simulator has a 
clear guide to be able to present their proposals, for their part 1 of the associations 
stated that when asked the question they did not know or did not decide to answer.

Did the evaluation of your proposal seem appropriate?

37

0 0
0

5

10

15

20

25

30

35

40

Yes No Do not know not answer

Figure 13. Question 3
Reference: Own work

In the answers to Question 13 (Figure 13) it is established that all the associ-
ations presented acceptance for the way in which their proposals were evaluated, 
stating that they had an adequate perception of the procedure.

The results allowed you to effectively identify the items
in which you can improve

37

0 0
0

5

10

15

20

25

30

35

40

Yes No Do not know not answer

Figure 14. Question 4
Reference: Own work
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In the results of Question 4 (Figure 14) the 37 associations addressed the re-
sults, clearly identifying the elements to improve. This result is important because they 
will have a clear picture in future moments of application.

37; 100%

0; 0%

Did the simulator help you understand how selection and resource allocation
decisions are made by the planning office?

Yes

No

Do not know not answer

Figure 15. Question 5 
Reference: Own work

In the result of the answers to Question 5 (Figure 15), all the associations under-
stood the procedure for the selection and assignment of projects with ICT resources, 
which will be carried out by the planning office of the government of Cauca.

37; 100%

0; 0%

Do you think that the simulator offered you a realistic and revelant experience that provides
you with opportunities for the productive and sustainable development of your community?

Yes

No

Do not know not answer

Figure 16. Question 6
Reference: Own work
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The result of the answers to Question 6 (Figure 16), it was evidenced that 100% 
of the associations considered that the simulator allows them to have a real panorama 
to be able to offer opportunities to their community, especially for productive and 
sustainable development.

For a productive and sustainable development, the solidarity economy is poten-
tiated with the project proposals. It is here that the methodological design became an 
adequate strategy to channel the processes carried out in the planning office of the 
government of Cauca. The construction of the simulator became a challenge when 
coordinating different perspectives regarding the same product, however, the result 
of the satisfaction questionnaire demonstrates a favorable result, making the techno-
logical tool a potential element for significant improvement in the selection process 
and evaluation of project proposals, providing a more objective and efficient method-
ology. It is essential to highlight that a simulator helps contemplate complex elements 
through parameterized and controlled scenarios, as mentioned in [36]  “The contribu-
tion of the simulator as an innovation is highlighted, having an impact on having a more 
plausible and explicit judgment to analyze and evaluate the importance of simulation 
for the understanding of complexity”. The simulator can help identify those proposals 
that have the greatest potential to promote development sustainable and generate a 
positive impact in the communities of Cauca. There are some empathic technology 
processes since the simulator is a software system that integrates multiple activities, 
which become procedural routines that facilitate the understanding of daily actions 
that were carried out over a longer period and a high level of complexity. Therefore, 
as future work, the architecture can be adjusted for operation in various applications 
and systems, for example, planning a video game that allows understanding through a 
teaching-learning strategy of the concepts [37], so that future generations appropriate 
the functional knowledge of the procedural. The methodological design provides a 
procedural standardization, which through the simulator helps reviewers to have a 
clear and objective methodology, thereby avoiding biases and favoritism in the selec-
tion and evaluation process, thereby guaranteeing greater equity, justice and efficiency 
in the allocation of resources, impacting on the community by having a productive, 
sustainable development and spaces for a social and solidarity economy [38]. This 
strengthens the confidence of the associations and the community of Cauca, because 
it encourages the active participation and commitment of the interested parties, who 
were linked from the initial design of the project, going from being a “research object 
to being protagonists of research”. This methodological application resulted in a joint 
and horizontal construction, which served as a bridge for a social fabric and exchange 
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of knowledge to analyze and improve the reality itself in the face of a process that 
involves the productive and sustainable development of the community [39].

In conclusion, the development of the methodological design is a strategy that 
offers the planning office an organization, control and monitoring of the proposals. 
Likewise, it benefits the associations and the community of the department of Cauca 
as it becomes a valuable strategy for development of a productive, supportive, and 
sustainable economy, including a more objective and transparent evaluation, with 
special consideration of social, economic, and environmental factors, the promotion 
of innovation and continuous improvement. For the development of the research, it 
was essential that the interested parties were involved in the different phases, through 
participatory action research, thus achieving an adequate understanding of the re-
quirements through the user stories; the test cases were projected to guarantee the 
quality levels of the software and in turn the satisfaction of the simulator users, that 
is, the associations and experts of the planning office of the government of Cauca.
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