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Abstract

Introduction: The resources for Science, Technology, and Innovation (STI) in 
Colombia have traditionally been allocated to universities and research centers in 
the country's largest cities, where the majority of highly qualified researchers are located. 
This represents a distortion in relation to public policy criteria for balanced growth and 
capacity-building. Objective: The article aims to present how this distribution has 
traditionally been carried out by the Ministry of Science, Technology, and 
Innovation (Minciencias) for STI projects in the country (2014-2018), and how, 
through a coordinated process, it is possible to decentralize capacities by leveraging 
the human resources associated with the Sociedad de Doctores e Investigadores de 
Colombia (SoPhIC). Methodology: To achieve this, geospatial analysis and correlation 
techniques of competitiveness indicators, departmental category, and the Gini index 
were used. Results: revealed the capacity and availability of human resources, based 
on the services that can be offered from and for these regions. Conclusion: These 
findings demonstrated the possibility and necessity of decentralizing resources to 
efficiently harness highly qualified human resources.

Keywords: Science, technological innovations, administrative 
decentralization, Colombia.
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Resumo
Introdução: Os recursos de ciência, tecnologia e inovação (CTI) na Colômbia têm sido 
tradicionalmente alocados para universidades e centros de pesquisa nas maiores cidades do 
país, onde está localizada a maioria dos pesquisadores altamente capacitados. Isso representa 
uma distorção dos critérios de política pública de crescimento harmônico e capacitação. 
Objetivo: o artigo busca apresentar como essa distribuição tem sido tradicionalmente 
realizada a partir do Ministério da Ciência, Tecnologia e Inovação (Minciencias) para 
projetos de CTI no país (2014-2018) e como, em um processo coordenado, é possível 
descentralizar capacidades aproveitando os recursos humanos vinculados à Sociedade 
de Doutores em Ciência, Tecnologia e Inovação (SCTI). ligados à Sociedade de Médicos 
e Pesquisadores da Colômbia (SoPhIC). Metodologia: Para Para isso, foram utilizadas 
técnicas de análise geoespacial, bem como correlações dos indicadores de competitividade, 
categoria departamental e índice de Gini. Resultados: as capacidades e a disponibilidade de 
Os resultados mostram as capacidades e a disponibilidade de recursos humanos, em termos 
dos serviços que podem ser oferecidos de e para essas regiões. oferecidos a partir dessas 
regiões e para elas. Conclusão: Esses resultados mostraram a possibilidade e a necessidade 
de descentralizar recursos para necessidade de descentralizar recursos para fazer uso 
eficiente de recursos humanos altamente qualificados.

Palabras-chave: Capacidades regionais; ciência, inovações tecnológicas, descentralização 
administrativa. descentralização, Colômbia  .
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Introduction

Knowledge, the product of research and technological development processes, which lead to innovations, 
are important elements for global competitiveness in a k n o w l e d g e - b a s e d  economy (Foray & 
Lundvall, 1996; Lundvall, 1992; Solow, 2001). For such a process to be possible, three fundamental 
elements are required to be followed, human resources to develop science processes, infrastructure to 
support such exercises and financial resources (Escobar et al., 2016). However, Colombia, despite aspiring 
to it, is far from a knowledge-based economy, since its productive structure is supported by an extractive 
and primary system (Nieto et al., 2015). Moreover, investment in STI is low compared to other countries 
in the region (Quintero et al., 2021). In fact, a study of an econometric model of the determinants of 
industrial growth in Colombia showed that investment in STI activities is the only variable that is not 
significant in this model (Henao-Rodríguez et al., 2019).

The article is developed in three blocks, the first one oriented to understand the Colombian STI 
system, through a description of the institutional structure and the role of the Sophic association of 
doctors and researchers; the second block shows a set of analyses based on spatial mapping and the 
third one concludes that understanding how the resources of the Colombian STI system have been 
distributed at the regional level is fundamental to analyze the maturation processes of the Science, 
Technology and Innovation system.

THEORETICAL FRAMEWORK

Colombia, a diverse and unequal country

Colombia is a country with a great wealth of biodiversity, landscapes, reliefs and culture, 
administratively divided into 32 departments. However, geographically it is divided into six natural 
regions: Amazon, Andean, Caribbean, Insular, Orinoco and Pacific, which have different 
characteristics in terms of their economic base, population, culture, social relations, ethnicity, and 
physical and technological connectivity conditions. These differences impose differential possibilities 
for their inhabitants to articulate with the productive system and contribute to the social, economic 
and technological development of the country, according to the National Learning Service (SENA, 
2018).

A study with regional data for Colombia from 1926 to 2018 evidences a greater economic 
development in the central part of the country compared to the other regions, which led to all regions 
not converging in terms of development during this period of time, as indicated by (Mei- sel Roca & 
Hahn, 2020). It is important to note that the generalities of each department in the country are 
heterogeneous, as can be seen in Table 1, which shows the large differences between the departments 
of Antioquia and Vichada in terms of investment from GDP and investment budget resources in 2012 
and 2015, respectively. These differences should be considered when making decisions about each 
department, especially in policy formulation and execution. These differences are repeated 
throughout the national territory at the departmental and municipal levels, and between urban and 
rural areas.
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STI policy in Colombia is led by the Ministry of Science, Technology and Innovation 
(Minciencias) (Law 1951, 2019) and is supported by a solid institutional framework called the 
National System of Competitiveness, Science, Technology and Innovation (SNCCTI, 2016). At the 
national level, an evolution and decentralization of STI policy has been achieved; however, at the 
regional level its application is discontinuous or nonexistent. An online survey of interested entities at 
the Colombian Observatory of Science and Technology (OCyT) revealed the need to apply 
methodological strategies that include disaggregated and geographically disaggregated data (Salazar 
et al., 2019) in order to gain an in-depth understanding of the real situation of STI policy and 
investment at the regional level. Furthermore, cases have been identified where the policy has been 
formulated but its implementation does not follow the proposed guidelines, as pointed out in a 
comparative study conducted by Escobar & Herrera (2015) in two Colombian departments in 2012.

The National STI Policy 2015-2025 identifies as the main problem that the country and its 
regions have not been able to boost economic and social development through STI. To address these 
specific problems, the strategic components of Knowledge Generation, Knowledge and Technology 
Transfer (KTT), Innovation and Entrepreneurship, and Governance have been developed. However, 
policy implementation requires the clear and consistent definition of policy instruments, as well as 
the development of STI capabilities. For example, cooperation between the public and private sectors 
needs to be fostered to identify, demand and appropriate knowledge and technology, and weaknesses 
in the current governance framework need to be addressed for an adequate development of the 2016-
2025 STI policy. In addition, it is important to allocate human, technical and economic resources to 
implement the policy and consolidate an effective STI policy (see Table 2).

The Society of Doctors and Researchers of Colombia (SoPhIC), as a driving force in the 
democratization of the CTi in Colombia.

The Society of Doctors and Researchers of Colombia (SoPhIC; https://www.sophicol.org/) is a non-
profit association constituted on August 7, 2020 and created by 13 researchers.
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Colombians, doctoral students and PhDs in different areas of knowledge. SoPhIC was created during the 
COVID-19 pandemic with the mission of contributing to the development of Colombia through science, 
technology and innovation, promoting and representing initiatives that contribute to the generation and 
consolidation of the scientific and research community, with a critical, interdisciplinary, inclusive and 
inter-institutional spirit. The association also aims to provide advice at all levels to public, private or 
mixed organizations, generating action plans and projects that can link doctors and future doctors in 
Colombia and abroad.

In this direction, from its constitution to date SoPhIC has more than 270 associates who have 
supported in different ways the development and growth of the association and have contributed to 
the realization of activities together with its founding members. Thus, during this first year of 
operation, eight webinars were held on different topics, including COVID-19, doctors at the service 
of society, entrepreneurship and technology development from science, the role of women in science, 
inclusion in science and academia, among others. In addition to the I Symposium on Nutrition and 
Food Issues Update: Different Perspectives on Obesity together with the University of Remington. This 
has facilitated the visibility of the association and its mission objective, as well as the generation of 
alliances, interconnection and networking with different institutions and researchers.

For this reason, in order to fulfill the mission objectives of SoPhIC, it is pertinent to develop a 
survey of human capital with high-level education in Colombia (database of SoPhIC associates and 
associates) and of the capabilities and services that doctors and researchers can provide. It is also 
necessary to establish the distribution of doctors and researchers in Colombia. In this way, it will be 
possible to identify which areas have lower concentrations of highly educated human capital and 
therefore tend to be more excluded from STI development.
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METHODOLOGY

Approach: The objective of this research is to identify the relationship between an institutional 
program in STI and the generation of capabilities, expressed as the generation of equitably distributed 
benefits. Scope: The study is developed based on secondary information from the  reports of the open 
databases of the National Government within the portal https://www.da- tos.gov.co/ and on the data 
resulting from a survey using the platform https://prospectiveworks- hops.com/ called Profiling of SoPhIC 
Associates carried out with associates of the Society of Doctors and Researchers of Colombia (SoPhIC); 
in which information was collected on the profile of the associates and their lines of action.

Stages: The study was developed in three stages, the first oriented to the collection of secondary 
information that would account for the capacities expressed in indicators of the departmental order. The 
second stage focused on the identification and collection of information through surveys and SoPhIC 
institutional reports. Finally, the third consisted of an analysis of the results using statistical and spatial 
geography tools.

The indicators were correlated using the competitiveness index, category and Gini index. Correlation 
is based on linear association, i.e., when the values of one variable increase, the values of the other 
variable may increase or decrease proportionally (Terrádez-Gurrea, 2006). For this exercise, the data of 
the continuous variables (Competitiveness Index and Gini Index) were analyzed for the 32 departments, 
and subjected to a Pearson correlation test (Terrádez-Gurrea, 2006), denoted as r. In addition, a test of 
significance was performed for the continuous variables (Competitiveness Index and Gini Index). In 
addition, a significance test was performed to indicate whether or not there is a relationship between two 
variables. When the p-value is less than 005 the correlation is significant. In addition, the correlation 
coefficient can range from -1 to +1. The further it moves away from 0, the stronger the relationship 
between the two variables, the sign indicates the direction of the correlation.

RESULTS

Department categories

According to the categorization of municipalities made by the General Accounting Office of the 
Nation (2022), 88% of the more than one thousand municipalities in the country are in category 6, 
that is, with less than 15,000 minimum salaries of free destination and/or population of less than 
10,000 inhabitants, while municipalities in special category (zero) and category one (1) only 
represent 3% of the total. However, in terms of population, the same municipalities classified in 
special category (zero) and category one (1) account for 50% of the national total, as shown in Figure 
1.

At the departmental level, the best economic and administrative operating and investment conditions 
in the territorial entities are concentrated in the middle of the country, specifically in the 
departments located in the Andean Zone, which are also the ones that are best positioned to make 
investments.
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connected to each other, to the central part of the country and to the seaports. In turn, they coincide 
with the territories that are home to the largest proportion of Colombia's population.

The regions in terms of competitiveness

In Colombia, regions and departments have been developing at very different rates. While some have 
shown an improvement in their economy and social welfare, others have remained static or even lagged 
behind. This indicates that territorial disparities are reproduced, as Ramírez et al. (2013) state.

The results of the competitiveness study by Ramírez et al. (2013) indicate that in the period 2000 - 
2012 the departments that have traditionally led these rankings in Colombia have consolidated their 
position, while those that have historically been in the lowest positions hardly show progress above the 
others, a condition that has been consolidated until 2023.

One of the conclusions of an ECLAC study (2017), points out that the persistent stagnation of the 
country in basic requirements of its competitiveness is nothing more than the expression of visible 
lags in most of its regions in pillars such as institutions, infrastructure, education, health, 
environmental sustainability and market size, which end up becoming fundamental obstacles towards 
Colombia's goal of being one of the three most competitive economies in Latin America. 
Accordingly, it is reaffirmed that it is essential to strengthen the regions in the aspects that contribute 
to growth and social and economic development, given that there are still large differences between 
them, so they are not comparable, to the point of not including seven departments in these 
measurements, not only because they are the most backward but also the most disconnected, in terms 
of road infrastructure, information and communication technologies, as well as for the formulation 
and management of policies and resources, from the so-called center of the country and other 
regions, as shown in Figure 2.
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Among the pillars that support competitiveness is pillar 7 and 12, which is related to investment 
in STI (Private Competitiveness Council, 2022), Figure 3 shows the behavior of the consolidated data 
on investment (a) and projects (b) by Minciencias, per thousand inhabitants in the period 2014-2018.

To understand the relationship between the variables, graphs and evaluations were carried out linking 
the INN1 research index with the departmental categories. The values previously reported for each of 
the departments were represented in Figure 4, in order to determine the behavior between the 
variables.
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It is identified that there is a directly proportional relationship with an r2= 0.682, and a p-value of 
0.0000 between INN1 research and departmental categories. This shows that investing in STI has 
some type of response associated with the competitiveness of the regions.

STI actions from the Society of Doctors and Researchers of Colombia (SoPhIC) and the 
provision of services from the association.

Based on the survey of SoPhIC associates, the number of doctors who belong to the different 
departments, either by birth (Figure 5a) or by current residence (Figure 5b), stands out; and one of the 
most striking results is that most of the doctors return to their department of origin. Similarly, 12 
departments were identified in which there is no presence of doctors from the group associated with 
SoPhIC.
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It is found that the research capabilities associated with highly educated personnel are concentrated 
in five departments.

Based on the survey in which the associates were consulted about the possible services to be 
provided, identifying interest, experience, relationships and knowledge, 19 services or actions that 
SoPhIC associates can support in the different regions were identified (Table 3).
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To characterize each service, the maturity level of the service was identified through a process of 
identifying interest, relationships, experience and knowledge (Table 4).

Categorization of SoPhIC services

After the characterization of the possible services and the identification of interest, relationships, 
experience and knowledge, a capabilities matrix was constructed, associating the evaluated criteria as 
follows:

Support services: these are all those services in which there is interest on the part of the 
associates and some type of relationships that allow them to materialize. In this group, the following 
stand out: 9 - Specialized consultancies; 13 - Presentation to calls for STI projects; 14 - Offering 
training to companies and public institutions; 15 - Consultancy to public and private companies; 18 - 
Participation in public projects; 19 - Portfolio of doctors and researchers.

Services with potential: all those services in which there is experience and know-how.
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by the associates, which allow them to materialize in a project, consultancy or advisory service. Of 
this group, the following stand out: 7 - Social appropriation of knowledge; 9 - Specialized consultancies; 
13 - Submission to calls for STI projects; 14 - Offering training to companies and public institutions; 
15 - Consultancy to public and private companies; 18 - Participation in public projects; 19 - Portfolio 
of doctors and researchers; 20 - Participation in public projects; 21 - Participation in public projects; 
22 - Participation in public projects; 23 - Participation in public projects; 24 - Participation in public 
projects; 25 - Participation in public projects.

Support services: these are all those services in which there are relationships, experience and 
knowledge on the part of the associates, which become the initial pillars of the process of interaction and 
support from the different areas of SoPhIC to the regions in a dimension equal to or less than the number 
of doctors in each department, as shown in Table 5.

Based on the data on the services provided by SoPhIC, which link the number of doctors per 
department with the investment of Minciencias per hundred thousand inhabitants, it is revealed that, 
although t h e  impact of doctors in the regions is not statistically significant, it is positive. This implies 
that the actions of the doctors have a tangible presence, as shown in Figure 6. Although a statistically 
significant relationship is not reached, the existence of such a connection suggests the need to 
delve deeper into the subject for a complete understanding of its scope and effectiveness. 
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DISCUSSION

Colombia presents a marked inequality between its different regions and departments in terms of 
development and wealth generation, as shown in Figure 1. However, this d i s p a r i t y  is not only limited 
to the territorial level, as significant inequality is also evident within each region. This is manifested by a 
high concentration of wealth and land, which underscores the challenges facing the country in its quest to 
achieve a more equitable distribution of resources and opportunities for all its citizens. This phenomenon 
of inequality and concentration of capabilities and resources is not unique to Colombia, but is also 
applicable in a similar way to other countries in the Latin American region. In many Latin American 
countries, there is a significant concentration of capabilities and resources in certain areas, while other 
regions are marginalized and do not fully enjoy the benefits of development. This situation poses a 
common challenge for the region as a whole, in terms of fostering more inclusive and equitable 
growth to reduce socioeconomic gaps between different geographic areas and ensure sustainable and 
equitable development for all citizens (ECLAC, 2018; Jimé- nez, 2015; RIMISP, 2017). On the other 
hand, Ezcurra (2019) reports lower levels of inequality in the richest countries of the European Union and 
with better levels of governance. This implies that the development policy, which has so far been 
implemented in countries such as Colombia, tends to strengthen and finance the strongest groups or 
institutions with the most developed capacities, thus deepening such imbalances, as reviewed by 
Sánchez-Torres (2017) for Colombia. The author indicated that departments with lower income levels tend 
to be the most unequal. In the same sense Capello et al. (2013) point out that regional public policies in 
Argentina do not always have the expected effects with respect to human development indicators. 
Something similar
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Quintana et al. (2019) found when evaluating at the sub-national level the conditions of equity in 
income and employment for the regions of Mexico, Ecuador and Brazil, where, despite being under 
different economic policy regimes and having shown a general improvement in the indicators, some 
regions still lag behind in the aspects evaluated.

Regarding the correlation between the development indicators presented in Figure 4, it has been 
identified that the capacity of a region to develop has a direct relationship with the capacity to 
generate wealth and, with it, the consolidation of its bureaucratic apparatus or municipality (Angeelli 
& Llisterri, 2003).

Since 2003, the Economic Commission for Latin America and the Caribbean (ECLAC) has pointed 
out that regional disparities are based more on the implementation and design of policies than on local 
limiting conditions, given that "any territory can be good for developing very diverse economic activities, 
as long as it complies with certain requirements that are indispensable for improving the 
competitive conditions of territorial economic units" (Silva, 2003, p. 7). This is why the formulation of 
adequate policies should change the direction of development and equality indicators. Authors such as 
Leydesdorff et al. (2019), Porto-Gómez et al. (2019) and Tho- mas & Maine (2019), indicate that many of 
the policies and mechanisms of innovation systems work very well at the national level in the Mexican 
case, or at the State level for the second, but cease to be operational and efficient at the regional 
scale.

From Table 3 it can be inferred that the generation of capabilities for STI is an incremental process, 
which depends on the continuity of policies aimed at solving structural problems. This is consistent with 
Escobar et al. (2022), Escobar et al. (2016), who indicate that the first allocation of resources is 
configured as expenditure in immature innovation systems. However, when the system is mature, it is 
configured as an investment.

CONCLUSIONS

Colombia is a country with notable inequalities, but in terms of scientific and technological policy it is 
possible to close these gaps through adequate planning, continuity of processes and scalability of actions. 
Public policies implemented with equity criteria can help generate capacities and offer opportunities to 
lagging societies that are trapped in the vicious circle of not having access to resources because they are 
not well categorized and cannot improve their performance due to lack of resources.

PhDs in Colombia, and especially those who are part of societies and associations, are an 
important group that can generate regional development capabilities through the provision of 
technology-based or knowledge-intensive services, although they are concentrated in some 
departments. In the medium and long term, this may allow for growth in different indicators of STI 
development in different areas of Colombia. The generation of capacities in science, technology and 
innovation is possible thanks to the training of human resources, the provision of technological 
infrastructure and the establishment of permanent sources of financing. Therefore, it is important to 
support the development and consolidation of research groups.
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Consequently, a fundamental axis of government policy must be the resolution of structural problems. 
Furthermore, this study demonstrates that, whether at the institutional, regional or national level, the 
development of STI policies must be continuous and coherent, not only in terms of resources, but also in 
terms of instruments that promote social and economic inclusion.

Colombia can reduce its inequalities through adequate planning and equitable scientific and 
technological policies. This will make it possible to close gaps and provide opportunities to lagging 
societies.

The participation of PhDs and associations can generate regional development capabilities in science 
and technology. This can lead to sustained growth in different development indicators in different areas of 
Colombia, especially those farther away from the so-called centralities.

To strengthen state policy in STI, it is crucial to address structural problems, establish permanent 
sources of financing and promote social and economic inclusion through continuous and coherent 
policies at the institutional, regional and national levels, and to achieve this in a harmonious manner, 
it is essential to have oriented decentralization processes through capacity transfers.
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