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 This study investigates challenges and opportunities in adopting free and 

open-source software (FOSS) in small and medium-sized enterprises 

(SMEs) in Monteria, Colombia. The research reveals that around 77.5% of 

SMEs prefer free software, yet surprisingly, 80% are unaware of the benefits 

of open-source licenses, with nearly 45% not adopting them due to lack of 

knowledge. Implementing FOSS in SMEs offers legal and economic 

advantages, including reduced software acquisition costs, compliance with 

data protection and privacy regulations, and fostering innovation. However, 

adoption barriers persist, necessitating further research for enhancing 

implementation in Colombian SMEs. Notably, Colombia's ethical 

framework for AI serves as a guide for ethical AI and open-source software 

deployment, aligned with sustainable development goals. This study 

highlights free software usage prevalence in Monteria's SMEs and critical 

factors hindering full adoption. Addressing challenges and leveraging 

potential benefits can improve efficiency, regulatory compliance, and 

contribute to sustainable development. Continued research in this field can 

promote broader and stronger implementation of FOSS in Colombian 

SMEs. 
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1. INTRODUCTION  

In recent years, the information and communication technology (ICT) sector has experienced 

significant growth in the use of free and open-source software (FOSS) [1]. This type of software is 

particularly attractive to small and medium-sized enterprises (SMEs) due to its freedom of use, duplication, 

modification, and distribution [2]. Its affordability and ability to adapt to the specific needs of each 

organization have driven an increase in its use globally [3]. In Colombia, SMEs represent 98% of the 

country's businesses and generate 80% of employment [4]. ICT can be an essential tool to improve the 

efficiency and productivity of these businesses; however, the cost associated with the acquisition and 

maintenance of commercial software can represent a barrier for many of them [5]. In this context, free 

software emerges as a viable solution. 

The use of free software offers numerous legal benefits to SMEs [3], [6]. Firstly, it can minimize the 

risk of copyright and intellectual property violations, as it is usually distributed under licenses that allow the 

modification, distribution, and free use of the software [2]. Additionally, it can help SMEs comply with data 
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protection and privacy laws and regulations [7]. Many free software programs are designed to meet privacy 

and information security standards, which is crucial for SMEs that handle sensitive customer data [8]. 

Despite its benefits, the adoption of free software in Colombian SMEs remains low compared to other 

countries [9]. This study aims to analyze the relevance and impact of free software on SMEs in Montería, 

Colombia, in order to improve their competitiveness in the market. It also seeks to recognize the challenges 

and difficulties that Colombian businesses face when adopting free software and explore possible solutions. 

The manuscript is organized such that section 2 contains a detailed literature review and a description of the 

methodology used. The study results and a discussion of the findings are comprehensively presented in 

section 3. The paper concludes with section 4, where the conclusions and recommendations for future 

research are delineated. 

 

 

2. METHOD  

In order to analyze the state of the art in the implementation of free software in Colombian SMEs, a 

literature search was conducted in the Scopus database. The search string used was as follows: 

 

("Free software" OR "Free software in SMEs") AND ("Information and communication 

technologies" OR "ICT" OR "Open source software" OR "Free software" OR "Open licenses" OR 

"Intellectual property") (All Fields) and 2018 or 2019 or 2020 or 2021 or 2022 or 2023 (Publication Years) 

and Article or Book Chapters (Document Types) and All Open Access (Open Access) and English 

(Languages). 

 

Figure 1 shows the co-occurrence of keywords within the articles identified in the Scopus database 

using the search string [10], [11]. Table 1 shows the most common publication (MCP) and single country 

publication (SCP) for each country with more than 4 publications. The MCP refers to the number of articles 

in which the country appears as the corresponding author's country, while the SCP indicates the number of 

publications in which the country is the only country of the authors. In the case of Colombia, it can be 

observed that its scientific production is relatively low compared to other countries for the bibliometric 

findings of the implemented search string. Figure 2 presents a geographical visualization of scientific 

collaboration between countries. 

 

 

 
 

Figure 1. Co-occurrence of words 
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Table 1. Bibliometric analysis of MCP and SCP by country with more than 4 publications 
Country Articles SCP MCP 

USA 55 48 7 
Spain 49 42 7 

Brazil 40 29 11 

France 28 19 9 
Germany 19 11 8 

United Kingdom 18 9 9 

Italy 17 12 5 
China 14 12 2 

India 11 8 3 

Mexico 11 9 2 
Japan 10 5 5 

Netherlands 9 4 5 

Poland 9 7 2 
Sweden 8 4 4 

Switzerland 8 5 3 

Colombia 7 5 2 
Greece 6 6 0 

Portugal 6 4 2 

Canada 5 4 1 
Denmark 5 3 2 

 

 

 
 

Figure 2. Countries collaboration world map 

 

 

The study on software adoption in SMEs in Montería reveals a scarce scientific production 

compared to other countries, highlighting the need to increase research in this area. This represents an 

opportunity to promote the use of open-source software in SMEs. The aim of this research is to analyze the 

relevance and impact of open-source software on SMEs in Montería, Colombia, in order to improve their 

competitiveness in the market, as well as to recognize the difficulties and challenges that Colombian 

companies face when adopting open-source software and to explore possible solutions. Table 2 presents a 

selection of fundamental and highly relevant works in the field, identified through the systematic literature 

review of this study. These works, recognized as key references, can provide a solid starting point for future 

studies in this area.  

The comparative analysis presented in Table 2 focuses its attention on several significant research 

studies on the adoption and implementation of technology by SMEs. These studies provide a broad and 

diverse view of the relationship between SMEs and technology, from the adoption of enterprise resource 

planning (ERP) systems to the use of chatbots and the prioritization of investments in information security. 

The subsections below provide the methodology used in this research. 
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Table 2. Comparative analysis of research studies on SMEs' technology adoption and implementation 

Paper title Objective Main findings 
Suggested 

improvements 
Contributions Relevance 

Future 
implications 

The Role of 

Government 

Support in 
SMEs' 

Adoption of 

Sustainability 
[12] 

Evaluate the 

impact of 

government 
support on 

SME 

sustainability 

Low impact of 

government 

support on 
sustainability 

adoption in 

SMEs 

Need to increase 

awareness about 

support programs 

Identification of 

the disconnect 

between SMEs 
and government 

support 

programs 

Relevant for 

public policy 

and business 
management 

Influence on 

governmental 

policy design 

Antecedents 

and Impacts of 
Enterprise 

Resource 

Planning 
System 

Adoption 

among 

Jordanian 

SMEs”[13] 

Analyze 

enterprise 
resource 

planning (ERP) 

adoption and its 
effects in 

Jordanian 

SMEs 

Technology-

organisation-
environment 

(TOE) factors, 

except 
compatibility, are 

significant 

antecedents of 

ERP adoption 

Expansion of the 

focus beyond 
Jordanian 

manufacturing 

SMEs and TOE 
variables 

Validated model 

of ERP adoption 

Enhancement of 

competitiveness 
and 

performance in 

SMEs 

Guide future 

ERP adoption 
research 

A hermeneutic 
analysis of 

critical success 
factors for 

Enterprise 

Systems 
implementation 

by SMEs [14] 

Refine critical 
success factors 

(CSFs) for 
enterprise 

systems (ES) 

implementation 
in SMEs 

Three distinct 
CSFs and eight 

frequently cited 
for SMEs 

Expansion of 
literary review 

and of qualitative 
selection and 

review 

Consolidated list 
of CSFs for ES 

implementation 
in SMEs 

Useful for 
prioritizing 

resources and 
efforts 

Influence on 
future research 

and case 
studies of ES 

implementation 

Chatbot for 
SMEs: 

Integrating 

Customer and 
Business 

Owner 

Perspectives 
[15] 

Explore chatbot 
perceptions in 

SMEs 

Simple and 
automatic 

chatbots were 

perceived as 
more 

anthropomorphic 

and easier to use 

Improvement of 
chatbots' 

anthropomorphic 

features and 
expansion of 

experimental 

design 

Emphasizes the 
need for 

chatbots that 

promote utility 
and enjoyment 

Relevant for the 
design and 

implementation 

of chatbots in 
SMEs 

Guide for 
future research 

on chatbot 

design and use 

Information 

security 
investment 

prioritization 

using best-
worst method 

for small and 

medium 
enterprises [16] 

Prioritize 

security 
investments in 

SMEs 

Network 

protection was 
the priority 

investment 

Clearer 

differentiation in 
the weighting of 

security features 

Proposal of a 

level 
classification 

instead of a 

ranking 

Helps SMEs to 

decide on 
security 

investments 

Influence future 

SMEs security 
investments 

Technology 

Organization 
Environment 

Framework in 

Cloud 
Computing [17] 

Apply TOE 

model to 
understand 

cloud adoption 

in SMEs in 
Bangladesh 

All factors of the 

TOE model are 
positive for cloud 

adoption 

Inclusion of 

more issues 
related to cloud 

adoption 

Checklist for 

cloud adoption 

Informs 

decisions on 
cloud adoption 

in SMEs 

Implications for 

future research 
and practices 

on cloud 

adoption 

Influence of 

SME 
Characteristics 

on ERP [18] 

Analyze the 

influences of 
SME context in 

ERP 

implementation 

SME 

characteristics 
influence ERP 

adoption 

Increase use of 

business process 
redesign (BPR) 

Identification of 

influential 
characteristics 

for ERP 

implementations 

Reference for 

SMEs wishing 
to implement 

ERP 

Useful for 

future research 
and ERP 

adoptions in 

SMEs 

 

 

2.1.  Study design and sample size 

This descriptive study, with a quantitative approach, was conducted in Monteria, Colombia, with the 

aim of analyzing the adoption of open-source software in SMEs. Considering the statistical distribution of the 

170 service-sales SMEs, the stratified random sampling method with proportional allocation was used [19]. 

To determine the representative sample size with a 90% confidence level, in (1) was used: 

 

𝑛𝑖 =
∑ 𝑊ℎ𝑃ℎ𝑄ℎ

𝐸2

𝑍2

; 𝑛 =
𝑛𝑖

1+
𝑛𝑖
𝑁

 (1) 

 

Where: 

Wh=Proportion of companies in the selected sector 

Ph=0.5 (probability of meeting the study condition (use of free software) 
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Qh=0.5 (probability of not using free software) 

E=0.098 (sampling error) 

Z=1.65 (confidence percentile of the study sample) 

N=Total number of selected companies 

ni=Sample for infinite population 

n=Sample adjusted to the selected population 

 

2.2.  Data collection instruments 

Two measurement instruments were used in this study, both demonstrating high internal 

consistency, as indicated by their Cronbach's Alpha values [20]. The first instrument consisted of 10 

questions focused on the software applications used in SMEs and their classification according to the 

principles of software engineering. The second instrument consisted of 10 questions designed to assess the 

understanding of FOSS, its organizational advantages, and potential obstacles to its implementation. To 

calculate Cronbach's Alpha, in (2) was used: 

 

∝ =  
𝐾

𝐾−1
 [1 − 

∑ 𝑉𝑖

𝑉𝑡
] (2) 

 

Where: 

α=Cronbach's Alpha 

K=Number of items 

Vi=Variance of each item 

Vt=Total iariance 

 

2.3.  Data collection procedure 

The measurement instruments were applied to the selected SMEs. The first instrument was designed 

to understand the types of software applications used in SMEs and their classification. The second instrument 

was used to assess the understanding of FOSS and its implications in SMEs. The data collected from these 

instruments were then analyzed using GNU PSPP (hereafter referred to as “PSPP”), a free software 

alternative to SPSS [21]. 

 

2.4.  Data analysis 

The data collected from the measurement instruments were analyzed using Cronbach's Alpha to 

assess the internal consistency of the instruments. The results of the analysis were then used to evaluate the 

understanding of FOSS and its implications among SMEs. The reasons for not using FOSS licensed 

applications were also identified based on the results obtained through the PSPP software [21]. 

 

2.5.  Software comparison 

A comparison was undertaken to understand the potential of FOSS as alternatives for SMEs. 

Specifically, we compared the applications used by SMEs with FOSS projects that possess similar functional 

features, a robust support community, and sufficient documentation. The primary objective of this 

comparison was to pinpoint software alternatives that are free or open-source and could effectively replace 

the current applications used by SMEs. 

 

2.6.  FOSS implementation plan 

Based on the findings of the study, a well-defined and structured plan for adopting FOSS was proposed. 

This plan outlined nine distinct stages, accompanied by their corresponding controls and associated activities. The 

stages included needs identification, solution evaluation, solution selection, implementation plan development, 

employee training, software installation, software testing, performance monitoring, and continuous improvement. 

 

2.7.  Legal and regulatory aspects 

The study delved into the considerations of implementing FOSS, paying keen attention to both legal 

and regulatory dimensions. It was imperative to ensure compliance with international standards and 

international law, especially in the realms of ICT and software. Additionally, the study made certain to align 

with Colombian ICT and software regulations and legislation. 

 

2.8.  Promotion of emerging technologies 

The study emphasized the importance of integrating emerging technologies within the realm of 

FOSS. Key technologies related to the fourth industrial revolution were highlighted, such as artificial 
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intelligence (AI)/machine learning, big data, and the internet of things (IoT). These technologies play a 

pivotal role in modern software implementation and advancement. 

 

 

3. RESULTS AND DISCUSSION  

3.1.  Sample size 

In the process of the study, we sought to determine an appropriate sample size that would best 

represent the study population. It was ascertained that a representative sample size should consist of 50 SMEs 

from the city of Montería. This decision was based on the calculation performed using (1). 

 

3.2.  Validation of the instruments 

Table 3 summarizes the Cronbach's Alpha values from in (2) for each of the measurement 

instruments used in this study, highlighting the high internal consistency of both questionnaires in the 

evaluation of the constructs of interest. 
 

 

Table 3. Cronbach's Alpha results for measuring instruments 
Measurement instrument Number of questions Cronbach's Alpha 

Software applications and classification in SMEs 10 0.92 
Understanding of FOSS and its implications 10 0.89 

 

 

The first instrument, which consists of 10 questions about the software applications used in SMEs 

and their classification according to software engineering, obtained a Cronbach's Alpha of 0.92. This value 

indicates high internal consistency, suggesting that the questions in the first instrument are effectively 

measuring the underlying construct related to the classification of software applications used in SMEs. The 

second instrument was specifically designed to gauge the understanding of FOSS among SMEs. Comprising 

10 questions, it addressed both the organizational advantages of the software and the potential challenges in 

its implementation. A Cronbach's Alpha of 0.89 was observed for this instrument, signifying a high internal 

consistency. This suggests that the questions effectively measure the intended construct concerning the 

comprehension of FOSS and its role in SMEs. 

 

3.3.  Open-source software knowledge 

The measurement instrument was applied to the selected SMEs. The results showed that 75% of 

them confuse the term "open-source software" with "free software" on the other hand, 10% were unaware of 

the term, and 12.5% claimed to be familiar with it, as illustrated in Figure 3. 
 

 

 
 

Figure 3. Knowledge of free software and its implications 

 

 

3.4.  Reasons for not using free/open-source licensed applications 

Based on the results obtained through the PSPP software, which analyzes the data collected from the 

measurement instrument applied to SMEs, the following findings were observed: 45% of SMEs are unaware 

of the use of open-source licenses, 27.5% exhibit resistance to change, 20% express a lack of trust, and 7.5% 

point to the absence of adequate support. Figure 4 illustrates these proportions in detail. 
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Figure 4. Reasons for not using free licensed applications 
 
 

In this study, it was found that 45% of SMEs are unaware of FOSS. Globally, the adoption and 

knowledge of FOSS can vary significantly depending on factors such as business culture, resource 

availability, and government support, among others. This situation highlights the lack of knowledge that 

SMEs have regarding the advantages offered by the use of open-source licensed applications. As evidenced 

in Figure 3, a high percentage of SMEs are still unaware of the benefits associated with FOSS, which 

underscores the need to promote and disseminate information about these types of technological solutions in 

the business environment [22]. This finding aligns with the limited awareness that SMEs possess regarding 

the advantages linked to utilizing open-source licensed applications. The obtained results indicate a 

significant proportion, specifically 80%, exhibiting a lack of understanding regarding the benefits offered by 

this software category. Furthermore, the study revealed that a notable 92.5% of SMEs expressed their 

willingness to adopt applications with an open-source license, with only a marginal 7.5% showing no interest 

in pursuing such implementation. Figure 5 shows, in orange, the applications used by SMEs, previously 

categorized into groups such as operating systems, databases, services, office suites, application 

development, and utilities. Additionally, in green, it shows FOSS projects with similar functional features, a 

robust support community, and sufficient documentation to replace these applications. 
 

 

 
 

Figure 5. Comparison of SME applications and their free software alternatives 
 

 

As a contribution of this study, a well-defined and structured plan for adopting FOSS is proposed. 

This plan, illustrated in Figure 5, offers substantial support to the implementation process by outlining nine 

distinct stages, accompanied by their corresponding controls and associated activities [23]–[25]. Figure 5 

presents a comprehensive overview of the software implementation stages, which include: 

a. Identify needs: identify and understand the needs and requirements of application software in the 

organization. 

b. Evaluate solutions: research and analyze various software solutions available on the market that can meet 

the identified needs. 
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c. Select solution: choose the most suitable software solution in line with the organization's needs and 

budget. 

d. Develop implementation plan: create a detailed plan outlining the necessary steps, timelines, and 

resources required for the implementation of the selected software. 

e. Train employees: provide employees with the necessary training to effectively use and maintain the new 

software. 

f. Install software: install the selected software on the organization's computer systems. 

g. Test software: verify that the software functions correctly and meets the requirements established in the 

needs identification phase. 

h. Monitor performance: monitor and evaluate the software's performance in the organization to ensure the 

intended objectives are met. 

i. Continual improvement: identify and apply improvements to the software and its related processes to 

ensure optimal functionality and adaptability to the organization's changing needs. 

The research conducted in Monteria, Colombia, on FOSS adoption in SMEs has yielded significant 

findings. Data collected indicates that 77.5% of SMEs opt for free software irrespective of conditions, 80% 

lack awareness regarding the benefits of open-source licenses, and 45% refrain from adopting FOSS due to 

limited knowledge [26]. These findings highlight the existing barriers to FOSS adoption in Colombian 

SMEs, despite its increasing popularity. However, implementing this software in SMEs can bring various 

legal advantages, such as reducing copyright and intellectual property infringement risks, lowering 

acquisition and licensing costs, and ensuring compliance with data protection and privacy regulations [1]. 

Moreover, it can stimulate innovation and technological development, creating new business opportunities 

and fostering long-term growth [27], [28]. 

SMEs in Colombia contribute to 98% of the country's businesses and generate 80% of the jobs [4]. 

Despite their economic significance, these companies face challenges in maintaining competitiveness. 

Information and ICT can enhance efficiency and productivity for Colombian SMEs; however, the cost of 

acquiring and maintaining commercial software poses a hindrance for many of them [29], [30]. Hence, FOSS 

presents a viable solution due to its affordability and adaptability to each company's specific needs [1], [26]. 

Notably, research on FOSS adoption in Monteria's SMEs has limited scientific output compared to other 

countries, underscoring the need for further research in this area [5], [23], [29], [31]. This represents an 

opportunity to enhance FOSS implementation in SMEs. Therefore, conducting research is crucial to assess 

the relevance and impact of FOSS on Monteria's SMEs in Colombia, improve their market competitiveness, 

identify barriers and challenges in its adoption, and explore potential solutions. 

Implementing FOSS in Colombian SMEs can reduce costs, improve efficiency and productivity, 

foster innovation and technological development, and ensure compliance with data protection and privacy 

regulations. However, persistent obstacles necessitate research promotion to facilitate greater adoption in 

Colombian SMEs [22]. In line with Figure 5, Figure 6 presents a detailed and structured view of the FOSS 

implementation process, integrating legal and regulatory aspects while promoting emerging technologies 

crucial in the current context of innovation and technological development [32]. Figure 6 emphasizes the 

significance of key performance indicators (KPIs) in evaluating each stage's performance, facilitating the 

identification of areas for improvement and optimizing FOSS utilization. By addressing technical and legal 

aspects and promoting emerging technologies, the flowchart offers a comprehensive perspective to ensure 

successful and sustainable FOSS implementation in an organization. 

The following is an explanation of the flowchart provided in Figure 6, which covers three main areas: 

FOSS implementation (explanation presented in the results section with Figure 5), legal and regulatory aspects, 

and promotion of emerging technologies. FOSS implementation: i) identify needs; ii) evaluate solutions; iii) 

select solution; iv) develop implementation plan; v) train employees; vi) install software; vii) test software; viii) 

monitor performance; and ix) continual improvement. Legal and regulatory aspects [33], [34]: i) international 

standards: ensure compliance with international standards related to the implementation of open-source 

software; ii) international law: verify that the implementation of FOSS complies with applicable international 

laws and regulations; iii) international ICT and software law: abide by international laws and regulations related 

to ICT and software; and iv) Colombian ICT and software regulations and legislation: comply with applicable 

Colombian laws and regulations in the field of ICT and software. Promotion of emerging technologies [35]: i) 

Industry 4.0: encourage the use of emerging technologies related to the fourth industrial revolution; ii) 

AI/machine learning: promote the adoption of AI and machine learning in the implementation of FOSS; iii) big 

data: incentivize the use of big data technologies in the implementation of FOSS and iv) IoT: drive the 

integration of IoT technologies in the implementation of FOSS. 
  
 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 13, No. 1, February 2024: 586-597 

594 

 
 

Figure 6. FOSS implementation process and its interrelation with legal aspects and emerging technologies 
 

 

This study provides a detailed view of the understanding and adoption of FOSS among SMEs in 

Montería, Colombia [4]. In a context where SMEs represent 98% of all businesses and generate 80% of 

employment, the adoption of FOSS emerges as a viable strategy to improve efficiency, productivity, and 

competitiveness. Although previous research has been conducted on FOSS adoption in different contexts as 

seen in Table 2, this study is one of the first to explore this topic in the context of SMEs in Montería, a region 

that has received little attention in the existing literature. 

Despite the potential benefits of FOSS, the study reveals a significant lack of awareness and 

understanding about this type of software. It was found that 75% of SMEs confuse the term "open-source 

software" with "free software", and 45% are unaware of the use of open-source licenses. This lack of 

knowledge represents a significant barrier to the adoption of FOSS. However, despite this lack of awareness, 

a notable 92.5% of SMEs expressed their willingness to adopt open-source licensed applications. The study 

also identified several reasons why SMEs do not use free/open-source licensed applications, including lack of 

knowledge about the use of open-source licenses (45%), resistance to change (27.5%), lack of trust (20%), 

and absence of adequate support (7.5%). To overcome these barriers, the study proposes a well-defined and 

structured plan for the adoption of FOSS. This plan, consisting of nine distinct stages, provides substantial 

support to the implementation process, providing corresponding controls and associated activities. 

The Colombian government, through the Ministry of ICT, has been actively promoting the adoption 

of FOSS among SMEs [36]. Through initiatives such as the national online government strategy and the 

national free software program, the government has demonstrated its commitment to fostering open-source 

software as a viable option to improve competitiveness and drive innovation across all business 

sectors [37], [38]. In addition, frameworks like Colombia's ethical framework for AI can serve as a valuable 

guide for businesses looking to implement AI technologies and open-source software in the country [39]. 

Despite the lack of awareness and understanding, the study reveals a significant opportunity for 

FOSS adoption among SMEs in Montería. The majority of surveyed SMEs expressed their willingness to 

adopt open-source licensed applications, indicating a potential market for FOSS providers and an opportunity 

for SMEs to benefit from the cost savings, flexibility, and innovation potential that FOSS can offer. Finally, 

the study underscores the importance of support and guidance in the FOSS adoption process. For SMEs 

considering FOSS, a structured approach, like the plan proposed in Figure 5, could be beneficial.  

 

 

4. CONCLUSION 

From the study conducted in Montería, Colombia, several key findings were identified regarding the 

adoption of open-source software in SMEs. It was observed that most of the SMEs surveyed in Montería 

have a preference for using free software, often without considering the associated conditions. The lack of 

technical knowledge and awareness of the benefits of open licenses were identified as the main reasons for 
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their reluctance to adopt open-source software. Despite these challenges, the implementation of open-source 

software in SMEs can bring numerous legal and economic advantages, including cost reduction, decreased 

risk of copyright infringement, and compliance with data protection and privacy laws. In a country like 

Colombia, where SMEs represent 98% of all companies and contribute to 80% of employment, the adoption 

of FOSS can be a viable strategy to improve efficiency, productivity, and competitiveness. However, the 

study also highlights the scarcity of research on the implementation of FOSS in SMEs, not only in Montería 

but also in Colombia in general, underscoring the need for more studies in this field. 

The study carried out has significant implications for academics, policymakers, and legal experts. 

The findings can be used as a basis for future research on the implementation of FOSS in Colombian SMEs 

and to advocate for public policies that promote its adoption. It is also pointed out that the shift towards 

Industry 4.0 can be facilitated through the implementation of FOSS, contributing to the achievement of the 

sustainable development goals (SDGs). The adoption of FOSS by Colombian SMEs can not only improve 

competitiveness and innovation but can also serve as a strategy to align their operations with the SDGs. 

FOSS promotes collaboration and knowledge sharing, thus supporting the achievement of the SDGs that 

promote the construction of resilient infrastructures, inclusive and sustainable industrialization, and 

innovation. Additionally, the study suggests that the implementation of FOSS in SMEs can help to reduce the 

digital divide and promote equitable access to information and communication technologies. Finally, the 

adoption of open-source software can enable SMEs to address key aspects of Industry 4.0, including the 

adoption of emerging technologies such as the IoT, machine learning, AI, and big data analysis. This, in turn, 

can stimulate job creation and foster the development of technical skills within the local economy, 

contributing to the achievement of the SDG that promotes inclusive and sustainable economic growth and 

decent work for all. 

 

 

ACKNOWLEDGEMENTS  

The authors would like to extend their gratitude to the Universidad de Córdoba (Montería, 

Colombia) and Universidad Cooperativa de Colombia (Montería, Colombia), Project ID INV1215, for their 

invaluable technological and academic support.  

 

 

REFERENCES 
[1] D. L. Olson, B. Johansson, and R. A. De Carvalho, “Open source ERP business model framework,” Robotics and Computer-

Integrated Manufacturing, vol. 50, pp. 30–36, Apr. 2018, doi: 10.1016/j.rcim.2015.09.007. 

[2] P. A. Harris et al., “The REDCap consortium: Building an international community of software platform partners,” Journal of 
Biomedical Informatics, vol. 95, Jul. 2019, doi: 10.1016/j.jbi.2019.103208. 

[3] S. Gomes and J. M. Lopes, “ICT Access and Entrepreneurship in the Open Innovation Dynamic Context: Evidence from OECD 

Countries,” Journal of Open Innovation: Technology, Market, and Complexity, vol. 8, no. 2, pp. 1–15, Jun. 2022, doi: 
10.3390/joitmc8020102. 

[4] DANE, “Microbusiness Survey- 2019,” Colombia Potencia De La Vida. 2019. [Online]. Available: 

https://microdatos.dane.gov.co/index.php/catalog/681. Accessed: Dec. 12, 2022. 
[5] J. Vásquez, S. Aguirre, E. Puertas, G. Bruno, P. C. Priarone, and L. Settineri, “A sustainability maturity model for micro, small 

and medium-sized enterprises (MSMEs) based on a data analytics evaluation approach,” Journal of Cleaner Production, vol. 311, 

Aug. 2021, doi: 10.1016/j.jclepro.2021.127692. 
[6] F. Doyle and J. Cosgrove, “Steps towards digitization of manufacturing in an SME environment,” Procedia Manufacturing, vol. 

38, pp. 540–547, 2019, doi: 10.1016/j.promfg.2020.01.068. 

[7] L. Y. C. Chang and N. Coppel, “Building cyber security awareness in a developing country: Lessons from Myanmar,” Computers 
& Security, vol. 97, Oct. 2020, doi: 10.1016/j.cose.2020.101959. 

[8] P. Schaar, “Privacy by Design,” Identity in the Information Society, vol. 3, no. 2, pp. 267–274, Aug. 2010, doi: 10.1007/s12394-

010-0055-x. 
[9] C. Huntzinger, K. Kvačková, and D. Mauer, “Digital Economy Strategy in Colombia : An Analysis and Recommendations,” 

Information Technology and Innovation Foundation, pp. 1–26, 2020. 

[10] E. O.-Malea and R. Costas, “Link-based approach to study scientific software usage: the case of VOSviewer,” Scientometrics, vol. 
126, no. 9, pp. 8153–8186, Sep. 2021, doi: 10.1007/s11192-021-04082-y. 

[11] Y. C.-Regino, R. B.-Navarro, F. T.-Hoyos, J. V.-Villadiego, and S. R.-Prada, “IoT-based drinking water quality measurement: 

systematic literature review,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 28, no. 1, pp. 405–418, 
Oct. 2022, doi: 10.11591/ijeecs.v28.i1.pp405-418. 

[12] S. M. Lamoureux, H. Movassaghi, and N. Kasiri, “The Role of Government Support in SMEs’ Adoption of Sustainability,” IEEE 

Engineering Management Review, vol. 47, no. 1, pp. 110–114, Mar. 2019, doi: 10.1109/EMR.2019.2898635. 
[13] A. Lutfi et al., “Antecedents and Impacts of Enterprise Resource Planning System Adoption among Jordanian SMEs,” 

Sustainability, vol. 14, no. 6, pp. 1–18, Mar. 2022, doi: 10.3390/su14063508. 

[14] S. Kurnia, T. Linden, and G. (Sam) Huang, “A hermeneutic analysis of critical success factors for Enterprise Systems 
implementation by SMEs,” Enterprise Information Systems, vol. 13, no. 9, pp. 1195–1216, Oct. 2019, doi: 

10.1080/17517575.2019.1650960. 

[15] M. A. Selamat and N. A. Windasari, “Chatbot for SMEs: Integrating customer and business owner perspectives,” Technology in 
Society, vol. 66, Aug. 2021, doi: 10.1016/j.techsoc.2021.101685. 

[16] A. H. Muhammad, J. D. Santoso, and A. F. Akbar, “Information security investment prioritization using best-worst method for 
small and medium enterprises,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 31, no. 1, pp. 271–280, 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 13, No. 1, February 2024: 586-597 

596 

Jul. 2023, doi: 10.11591/ijeecs.v31.i1.pp271-280. 

[17] I. Ahmed, “Technology organization environment framework in cloud computing,” TELKOMNIKA (Telecommunication 
Computing Electronics and Control), vol. 18, no. 2, pp. 716–725, Apr. 2020, doi: 10.12928/telkomnika.v18i2.13871. 

[18] O. Khadrouf, M. Chouki, M. Talea, and A. Bakali, “Influence of SME characteristics on the implementation of ERP,” 

TELKOMNIKA (Telecommunication Computing Electronics and Control), vol. 18, no. 4, pp. 1857–1865, Aug. 2020, doi: 
10.12928/telkomnika.v18i4.13537. 

[19] S. M. Ross, Introduction to Probability and Statistics for Engineers and Scientists, Elsevier, 2014, doi: 10.1016/C2013-0-19397-

X. 
[20] M. Amirrudin, K. Nasution, and S. Supahar, “Effect of Variability on Cronbach Alpha Reliability in Research Practice,” Jurnal 

Matematika, Statistika dan Komputasi, vol. 17, no. 2, pp. 223–230, Dec. 2020, doi: 10.20956/jmsk.v17i2.11655. 

[21] M. S.-Tomas, D. Jan, M. Jean, P. Quilang, and E. Teresita, “The Use of PSPP Software in Learning Statistics,” European Journal 
of Educational Research, vol. 8, no. 4, pp. 1127–1136, Oct. 2019, doi: 10.12973/eu-jer.8.4.1127. 

[22] N. S. Al Busaidi, A. B. Bhuiyan, and N. Zulkifli, “The Critical Review on the Adoption of ICTs in the Small and Medium 

Enterprises (SMEs) in the Developing Countries,” International Journal of Small and Medium Enterprises, vol. 2, no. 2, pp. 33–
40, Dec. 2019, doi: 10.46281/ijsmes.v2i2.437. 

[23] B. Fitzgerald and K.-J. Stol, “Continuous software engineering: A roadmap and agenda,” Journal of Systems and Software, vol. 

123, pp. 176–189, Jan. 2017, doi: 10.1016/j.jss.2015.06.063. 
[24] B. Boehm and R. Turner, “Management Challenges to Implementing Agile Processes in Traditional Development Organizations,” 

IEEE Software, vol. 22, no. 5, pp. 30–39, Sep. 2005, doi: 10.1109/MS.2005.129. 

[25] T. Dybå and T. Dingsøyr, “Empirical studies of agile software development: A systematic review,” Information and Software 
Technology, vol. 50, no. 9–10, pp. 833–859, Aug. 2008, doi: 10.1016/j.infsof.2008.01.006. 

[26] D. T. Matt, V. Modrák, and H. Zsifkovits, Industry 4.0 for SMEs. Cham: Springer International Publishing, 2020, doi: 

10.1007/978-3-030-25425-4. 
[27] M. Holgersson, O. Granstrand, and M. Bogers, “The evolution of intellectual property strategy in innovation ecosystems: 

Uncovering complementary and substitute appropriability regimes,” Long Range Planning, vol. 51, no. 2, pp. 303–319, Apr. 
2018, doi: 10.1016/j.lrp.2017.08.007. 

[28] G. Gürkaynak, İ. Yılmaz, B. Yeşilaltay, and B. Bengi, “Intellectual property law and practice in the blockchain realm,” Computer 

Law & Security Review, vol. 34, no. 4, pp. 847–862, Aug. 2018, doi: 10.1016/j.clsr.2018.05.027. 
[29] M. W. A. Ramírez and N. B. L. S. Palomino, “Impacto de Gestión de la Innovación y Gestión, Estratégica en la Productividad de 

las PYMEs de TIC: Estudio Empírico,” Revista Ibérica de Sistemas e Tecnologias de Informação, pp. 569–586, 2020. 

[30] P. V. M. Antonio, E. M. Mabel, and G. C. É. Tatiana, “Análisis de las Born Global en Colombia: Pequeñas y medianas empresas 
del Departamento de Córdoba,” Revista de Ciencias Sociales, vol. 27, no. 3, pp. 249–265, 2021, doi: 10.31876/rcs.v27i.36507. 

[31] H. C.-Vargas, J. Aguirre, and N. P.-Montoya, “Impact of ICT adoption on absorptive capacity and open innovation for greater 

firm performance. The mediating role of ACAP,” Journal of Business Research, vol. 140, pp. 11–24, Feb. 2022, doi: 
10.1016/j.jbusres.2021.11.058. 

[32] N. Odendaal, “Information and communication technology and local governance: understanding the difference between cities in 

developed and emerging economies,” Computers, Environment and Urban Systems, vol. 27, no. 6, pp. 585–607, Nov. 2003, doi: 
10.1016/S0198-9715(03)00016-4. 

[33] R. Kemp, “Legal aspects of managing Big Data,” Computer Law & Security Review, vol. 30, no. 5, pp. 482–491, Oct. 2014, doi: 

10.1016/j.clsr.2014.07.006. 
[34] B. Rossi, B. Russo, and G. Succi, “Adoption of free/libre open source software in public organizations: factors of impact,” 

Information Technology & People, vol. 25, no. 2, pp. 156–187, Jun. 2012, doi: 10.1108/09593841211232677. 

[35] L. M. Hilty and B. Aebischer, “ICT for Sustainability: An Emerging Research Field,” Switzerland: Springer, Cham, 2015, pp. 3–
36, doi: 10.1007/978-3-319-09228-7_1. 

[36] MINTIC, “Gobierno en Línea,” Colombia Potencia De La Vida. 2023. [Online]. Available: 

https://www.mintic.gov.co/portal/inicio/Glosario/G/5306:Gobierno-en-Linea-GEL. Accessed: Dec. 12, 2022. 
[37] MINTIC, “National Free Software Program,” Colombia Potencia De La Vida. 2023. [Online]. Available: 

https://gobiernodigital.mintic.gov.co/portal/Iniciativas/Software-libre/. Accessed: Dec. 12, 2022. 

[38] MINCIENCIAS, “Call to strengthen scientific, technological and innovation-based companies,” Colombia Potencia De La Vida. 
2019. [Online]. Available: https://minciencias.gov.co/convocatorias/innovacion/convocatoria-para-el-fortalecimiento-empresas-

base-cientifica-tecnologica-e. Accessed: Dec. 12, 2022. 

[39] Colombia Government, Ethical Framework for Artificial Intelligence in Colombia. America: The future belongs to everyone, 
2021. [Online]. Available: https://openresearch-repository.anu.edu.au/bitstream/1885/278497/1/ColAI_29.pdf.  [Accessed: Jan. 

22, 2023]. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Rubén Baena-Navarro     is a professor in the Department of Systems Engineering 

at the Universidad de Córdoba (Colombia) and in the Systems Engineering program at the 

Universidad Cooperativa de Colombia. He has a Ph.D. in Projects in the Information and 

Communication Technologies research line from the Universidad Internacional 

Iberoamericana (México); he is a Master in Free Software with a specialization in Application 

Development in Free Environments from the Universdiad Autónoma de Bucaramanga 

(Colombia). His research areas are IoT, software engineering, bioengineering, and information 

and communication technologies. He can be contacted at email: 

rbaena@correo.unicordoba.edu.co. 

  

mailto:rbaena@correo.unicordoba.edu.co
https://orcid.org/0000-0001-5055-6515
https://scholar.google.es/citations?user=K_9pr_QAAAAJ&hl=es
https://www.scopus.com/authid/detail.uri?authorId=57218326314
https://publons.com/researcher/1601240/ruben-baena-navarro/


Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Challenges in implementing free software in small and medium-sized enterprises … (Rubén Baena-Navarro) 

597 

 

Juan Vergara-Villadiego     is a professor in the Systems Engineering program at 

the Universidad Cooperativa de Colombia (Montería, Córdoba-Colombia). He is a Master in 

Free Software with a specialization in Application Development in Free Environments from 

the Universdiad Autónoma de Bucaramanga (Colombia). His research areas are IoT, software 

engineering, bioengineering, and information and communication technologies. He is the 

leader of the Sustainable and Intelligent Engineering Research Group of the Universidad 

Cooperativa de Colombia (Montería). He can be contacted at email: 

juan.vergara@campusucc.edu.co. 

  

 

Yulieth Carriazo-Regino     is a professor in the Systems Engineering program at 

the Universidad Cooperativa de Colombia and the Universidad de Córdoba. She has a Master's 

in Software Management, Application and Development with a specialization in Research 

from the Universdiad Autónoma de Bucaramanga (Colombia) and the Universidad de Córdoba 

(Colombia). Her research areas are IoT, software engineering and information and 

communication technologies. She can be contacted at email: 

yulieth.carriazor@campusucc.edu.co. 

  

 

Richard Crawford-Vidal     is Electronic Engineering from the Universidad 

Pontificia Bolivariana Seccional Montería (Colombia). He further pursued his academic 

journey by obtaining a Master's degree in Engineering from the Universidad Tecnológica de 

Bolívar in Cartagena (Colombia). Alongside his master's degree, Richard specialized in 

Automation and Control of Industrial Processes at the same institution. He can be contacted at 

email: richardcrawfordv@correo.unicordoba.edu.co. 

 

  

 

Francisco Barreiro-Pinto     is a professor in the Department of Systems 

Engineering at the Universidad de Córdoba (Colombia). He is an Electronic Engineer, 

specializing in Automation, and holds a Master's degree in Engineering from UPB Medellín. 

He can be contacted at email: franciscobarreirop@correo.unicordoba.edu.co. 

 

 

mailto:juan.vergara@campusucc.edu.co
mailto:yulieth.carriazor@campusucc.edu.co
mailto:richardcrawfordv@correo.unicordoba.edu.co
mailto:franciscobarreirop@correo.unicordoba.edu.co
https://orcid.org/0000-0003-2651-4694
https://scholar.google.es/citations?hl=es&user=5sPMCgwAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57202209199
https://www.webofscience.com/wos/author/record/JNS-0349-2023
https://orcid.org/0000-0002-2163-9263
https://scholar.google.es/citations?user=B0UXZvEAAAAJ&hl=es
https://www.scopus.com/authid/detail.uri?authorId=57882204600
https://www.webofscience.com/wos/author/record/JNS-0328-2023
https://orcid.org/0000-0002-4038-0453
https://www.scopus.com/authid/detail.uri?authorId=57538088400
https://www.webofscience.com/wos/author/record/JNS-0371-2023
https://orcid.org/0009-0000-7896-414X
https://www.webofscience.com/wos/author/record/JNS-0380-2023

