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Abstract
This paper centers on the role and economic effect of the factors that affect the endogenous growth of organizations. To

this end, it analyzes the case of Colombian companies, whose economy has been characterized in Latin America by

maintaining a traditional economic policy and sectors that seek to maximize the opportunities offered by international

markets. This study seeks to identify and analyze the factors that influence the endogenous economic growth of organi-

zations and that allow them to be sustainable over time. For this purpose, adaptation algorithms based on fuzzy logics and

supervised and unsupervised learning methods were used, generating an adaptation strategy that allows classifying and

knowing the endogenous growth of companies in the Colombian context and identifying the most relevant aspects to take

into account. Finally, it was found that most Colombian companies focus their business policies on strengthening human

capital, followed by innovation, financial resources and, to a lesser extent, strategic alliances.
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1 Introduction

The dynamics of the markets, and particularly of the

companies, has facilitated the development of processes

that tend to strengthen the productive activity. Hence,

several elements have been identified which, when used

efficiently, promote the growth and competitiveness of

products in the market, aspects that are considered relevant

for sustainability in organizations, generating interest on

the part of researchers and professionals in recent years. Its

study can be carried out endogenously (internal) and

exogenously (external), which facilitates the analysis and

generation of impact measures for the fulfillment of

objectives.

This research addresses the analysis of internal condi-

tions based on the concept of endogenous growth theory,

identifying factors such as innovation, financial resources,

human capital and alliances, which are determinants for

their measurement and the generation of institutional and

governmental policies.

Furthermore, technology and education-related elements

are incorporated to strengthen the processes, as evidenced

in the research conducted by Pan et al. [35], which indi-

cates that in countries such as China, the number of higher

education institutions at the provincial level has a positive

impact on business innovation.

In other countries such as Vietnam, investments in

physical and human capital and technological progress are

determinants of economic growth in that nation, as evi-

denced by the research of Grillo and Nanetti [18], who

indicate that in emerging economies it is essential to

implement growth policies related to physical and human
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capital and to support innovation and development

activities.

Yazgan and Yalçinkaya [49] have studied the effects of

innovation and development investment variables in

OECD countries, concluding that innovation investments

are substantially sufficient to change the long-term eco-

nomic growth performance and income levels of OECD

countries.

Authors such as Fagiolo et al. [13] studied through the

agent-based model, the nexus between finance and growth

in industries that produce homogeneous goods and carry

out innovation and development activities, finding that part

of the financing for this innovation is obtained through

resources provided by banks, it is concluded that banking

activity has a positive impact on organizational growth;

however, excessive financing can hinder growth.

The analysis of these conditions generates qualitative

and quantitative information that, when analyzed at the

sector or market level, reveals the needs, strengths and

aspects to be improved of the companies in general and,

therefore, the measures that should be adopted to achieve

the objectives.

Currently, experiment data or records of a population

possess information flows and distribution that are difficult

to process [30], so conventional theoretical methods to

establish correlations between variables have become

obsolete due to the enormous effort they represent in

execution, opening the possibility of generating comput-

erized methods that apply techniques that mix the analyt-

ical precision provided by an individual and contemporary

digital speed.

The above, in order to establish the categorical degrees

that qualitatively measure the level of endogenous growth

of the Colombian business sector (application of unsuper-

vised intelligence), to subsequently identify the most rel-

evant characteristics in the development of the Colombian

industry (application of supervised intelligence); as well as

to determine the specific bases from the DANE data that

allow generating reliable and easily adaptable estimators to

the evolution of endogenous growth. Likewise, to build an

easily recognizable guideline for the entities.

The objective of the research is to identify and analyze

the endogenous growth factors and their empirical verifi-

cation in the Colombian business context through adapta-

tion structures validated through statistical analysis.

Therefore, the document is divided into five parts: the first

one presents the conceptual framework of the endogenous

growth theory; the second part identifies the variables of

analysis for the basis of endogenous economic growth; the

third part explains the case study of Colombia; the fourth

part presents the methodology used and the results

obtained; and finally, some conclusions of the research are

presented.

2 Conceptualization of the endogenous
growth theory

The economy evolves according to the needs of the mar-

kets that are required to position itself and prevail in the

production and marketing of goods and services. Therefore,

its results depend on the implementation of a series of

measures to strengthen it.

Hence, the concept of economic growth is analyzed,

which is conceived as a phase through which countries

grow from the progress originated by technological

improvement, investment and the adequate use of resources

[44].

The basis of the neoclassical growth system, established

by Solow [44], is based on exogenous criteria, being the

basis of the model: neoclassical, Keynesian and competi-

tion theory.

Other economists suggest the importance of analyzing

the measures adopted by companies, individuals and the

state from an endogenous context to generate practices that

lead to the country’s economic growth. Thus, authors such

as Arrow [1] and Romer [41] considered that production,

being cumulative, will allow making use of different

internal variables, generating productivity in companies

and therefore, influencing the economic system, in order to

promote better results for the country.

In this sense, the endogenous growth theory arises as a

result of the importance given by authors such as Romer

[40], Lucas [29], Arrow et al. [2], Rebelo [39], among

others, to the analysis of factors related to knowledge,

human capital and innovation [24, 36].

Other authors such as Laincz and Peretto [26] consider

that the use of concepts related to economies of scale,

product quality improvement and the promotion of cre-

ativity are required to give rise to endogenous long-term

policies.

Thus, the endogenous growth theory is based on internal

growth to improve economic development and as a con-

sequence, the indicators that dynamize the activity of

companies, economic sectors, the benefits that redound to

consumers [28, 32] and the role of the policy implemented

by the state to increase productivity [5].

Therefore, based on the endogenous growth theory,

long-term models have been proposed that facilitate eco-

nomic growth without causing or generating market fail-

ures [9]. Additionally, the generation of a social benefit

may have an impact 15.

Consequently, growth cannot be attributable only to

technological progress phenomena as Solow [44] stated,

nor is it due only to responses to the incidence of exoge-

nous variables [22], since the influence of both scenarios is

important for the generation of competitive processes.
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In this sense, according to Hernández [20], the main

differences between the exogenous and endogenous eco-

nomic growth models are: first, technological progress,

since it is considered exogenous when technology is

determined and adheres to the processes that are analyzed

from the external context. On the contrary, it will be

endogenous when elements are used to incorporate tech-

nological progress into fruitful activities, leading to greater

productivity.

Secondly, Hernández [20] considers that physical capital

is one of the variables analyzed in the exogenous growth

model, while for the endogenous model, greater impor-

tance is given to human capital.

Finally, in the third place, according to Arrow [1],

convergence for the exogenous growth model is deter-

mined by external conditions, while when the investment

variable is taken into account in the increase in per capita

income, reference is made to endogenous growth [20].

This situation leads to consider four of the main vari-

ables that influence the endogenous growth of the econ-

omy: innovation, human capital, financial resources and

alliances, which will be explained below.

3 Variables of analysis for the basis
of endogenous economic growth

The endogenous growth theory is based on the analysis and

development of internal conditions that favor the economic

development of companies and countries in general.

Hence, several factors are considered for its measurement,

such as innovation, human capital, financial resources and

alliances. The theoretical foundations that will be used for

the analysis of the case under study are presented below.

3.1 Innovation

Innovation is a necessary process for strengthening com-

panies, which is influenced by several factors that are

essential elements for economic growth [37].

Likewise, innovation has been considered a central

element for economic, social and organizational growth in

different areas of organizations. Its understanding is a

challenge for academics and professionals who seek to

understand how to incorporate improvements in processes,

products and systems in organizations [31].

Its study and implementation in companies must intro-

duce concepts based not only on the improvement or on the

process developed, but also on the bases that relate it to the

knowledge of each economic activity [38]. Hence, the

business practices developed can incorporate elements that

are favorable for the productivity of organizations.

3.2 Financial resources

The proper use of resources can be applied not only to

physical or intangible resources. Also, the capital that

allows the functioning of the activities developed by the

company and the operability is part of the elements that can

contribute to the growth of the economy.

Hope and Vyas [21] consider that it is essential to

consider the way through which companies are financed, a

situation that starts from the investment process, to the

supply of resources required for its operation.

Authors such as Eniola and Entebang [12] indicate the

importance of financial knowledge for the company’s

decision making and productivity, the direction of mea-

sures aimed at improving processes and products, and the

management of resources that facilitate the organization’s

positioning in the market depend on it.

3.3 Human Capital

Human capital is considered as the set of skills, knowledge,

abilities and attributes that people have, which can be

translated into productivity [14] and is a crucial factor in

measuring the ability of organizations to innovate [27, 45].

Authors such as Ehrlich and Pei [11] indicate that

human capital can be perceived as skills between different

generations, which allows achieving growth and sustain-

able development, all this based on the use of labor and

capital. This interaction is fundamental in this new context,

so it is recommended that innovative ecosystems for the

development of technological entrepreneurship be

strengthened.

3.4 Alliances

This process allows a company to generate joint activities

that favor the interests of each of the stakeholders of the

productive cycle, it is framed in the main aspects that

denote the concept of alliance.

O’Dwyer and Gilmore [34] state that alliances allow

access to the improvement of conditions that facilitate the

exploitation of opportunities that arise in the markets. So,

they can be considered not only to improve commercial

activity, but also to favor internal processes.

4 A case study in Colombian companies

Latin America’s poor performance and the region’s lack of

progress are associated with its low productivity, high

informality, insufficient export diversification and growth,
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which makes it difficult to create jobs and finance the

growing demand for more and better public goods [23].

In this regard, there are different indicators for analyzing

the economic context of countries. One of them is the

Global Innovation Index (GII), which aims to capture the

multidimensional facets of innovation and for this purpose

ranks the world economies according to their innovation

capabilities.

Colombia in particular ranked 68th among the most

innovative economies in 2020, dropping 6 places compared

to the 63rd place it reached in 2018, scoring below average

in the pillars of human capital, knowledge and technology

products, and creative products [17].

The above reflects the state of Colombian industry,

which has presented difficulties in promoting technological

development and generating innovation strategies [43].

Colombia is considered the third economy in Latin

America, between 2009 and 2019 it registered a growth of

1.75% in GDP, going from 1.2 to 3.3% according to data

from the World Bank [48]. In this sense, a positive

behavior of the economy is evidenced, which implies

challenges especially in areas that are influential for

obtaining benefits that redound at an economic and busi-

ness level.

It is evident that there is an important challenge where

science, technology and innovation culture play a funda-

mental role in the reduction of social gaps, not only as

transmitters of knowledge, but also as receivers, which

allow their influence to be much more effective, in order to

overcome exclusion [47].

Hence, Gómez, Hernando and Mitchell [17] indicate

that the Colombian economy is undergoing a transforma-

tion process since 2014, which involves improving pro-

ductive conditions, strengthening the productive apparatus,

incorporating technological processes, among other

endogenous aspects such as human capital, innovation,

financial resources and alliances, which allow responding

to the requirements of international markets and in which it

is required to be competitive. Some of the areas of

improvement and actions carried out are shown in Table 1.

5 Methodology

The growth theory established in the previous section

indicates that economic evolution in Colombia is a highly

volatile dynamic system that is governed by innumerable

virtually independent variables; however, there is evidence

of the existence of certain conditions in which endogenous

evolution is favorable, despite the fact that the country’s

economic development strategies only focus on strength-

ening certain specific qualities.

Thus, identifying the ideal characteristics that have a

direct impact on the endogenous growth of an economic

entity would allow it to focus its resources optimally in

order to develop evolutionary policies that have a greater

impact on its profits.

Therefore, in order to identify the variables with the

highest growth in a given period of time, this section will

focus on explaining in detail the origin of the data used for

the analysis of growth in Colombian industry and the

experimental process implemented.

5.1 Entity studied

Prior to 2004, Colombia did not have periodic metrics to

study and monitor technological capabilities, nor potential

innovative developments with which to indicate charac-

teristics that identify an entity as innovative [7].

The absence of indicators did not allow economic

entities to identify the general capabilities of a company in

constant endogenous growth and the positive repercussions

it implies. Eventually, with the transition to globalization,

improvement policies led to a regional need to establish

growth themes that would compete with the most devel-

oped entities.

5.2 Data description

In 2007, the National Department of Statistics (DANE, for

spanish Departamento Nacional de Estadı́stica) established

an instrument for general monitoring of the characteristics

of companies, which ‘‘serve as a reference in the process of

measuring the processes of development and technological

innovation’’ [7]. The objective of the data collection was in

the first instance to generate in the industry, bottom-up

policies aimed at a 4.0 revolution of technology in

Colombia, thus facilitating the introduction of science in

the business environment.

Due to the annual periodicity of the data provided by

DANE and the complete monitoring used in the Colombian

manufacturing sectors, it becomes a reliable and complete

reference to perform descriptive studies from computa-

tional algorithms.

For the adjustment of the methods applied in this paper,

the data were obtained from the survey of Technological

Development and Innovation-EDIT-Industry carried out by

DANE in 2016 and 2017, which consists of 510 variables,

as well as 8377 and 7867 records, respectively, which is

distributed by departments; the amount of data for 2017 of

each department can be seen in the following table.

The variables are mixed between binary (Boolean),

discrete numeric and continuous values, in addition, the

survey questions are focused on evaluating the following 4

categories:
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• Innovation

• Financial resources

• Human capital

• Alliances

5.3 Data processing

Because some variables did not have sufficient information

to present a noteworthy characteristic in the study, the

cleaning of the database focused on two actions: The first

one concentrated on omitting variables with insufficient

records for the study whose nature was quantitative

(monetary contributions or unbounded values) and the

second one was applied to ordinal qualitative variables,

such as scales or Boolean responses (yes or no questions),

which were autocompleted from the lowest scale of the

criterion or negative responses, respectively. Integer values

assigned to monetary quantities were discretized to main-

tain a uniform distribution across variable characteristics.

After cleaning the database, the remaining variables used

for the study were 213, which are distributed as follows:

As shown in Table 3, it is possible for a human to group

each variable studied into categories and relate them

individually in classes; however, establishing the dynamics

of all the questions to measure the degree of innovation and

also to identify the determining variables involved in the

endogenous evolution requires a global analysis of the

entire set of data, as well as establishing reliable and simple

Table 2 Distribution of data by

department. Source Own

elaboration

Departments Total

Vichada 16

Casanare 18

Sucre 19

Córdoba 24

Cesar 29

Nariño 44

Magdalena 50

Quindı́o 53

Meta 55

Huila 62

Boyacá 72

Cauca 86

Tolima 103

Norte de Santander 115

Bolı́var 127

Caldas 137

Risaralda 169

Atlántico 326

Santander 350

Cundinamarca 652

Valle del Cauca 1010

Antioquia 1707

Bogotá D.C. 2642

Table 1 Improvement areas. Source: Taken from the study of Gómez, Hernando and Mitchell [17]

Action Areas Actions Objectives to be achieved

Institutional

environment

More commitment from the government and local

authorities to Science, Technology and Innovation

(ST&I)

Reorient the roles of the public entities that are part of the TC&I

System

Financing Increase public resources, especially to finance

business innovation projects

Improve the process of allocation and distribution of resources for

ST&I from the General Royalties System

Innovation

culture

Make the company the center of the CT&I strategy Promote entrepreneurship; Create a virtual and comprehensive open

innovation platform that would integrate the innovation needs of

companies in Colombia, including solutions provided by researchers,

universities, individuals and other companies. In addition, it could be

integrated with other open innovation networks in Colombia

Science and

technology

Fund, support and connect research groups Promote world-class sectoral and cross-sectoral research centers

Human

capital

Increase the participation of basic sciences, design and

engineering in higher education

Promote the incorporation of researchers in companies, and

technicians and technologists in SMEs

Table 3 Distribution of variables. Source Own elaboration

Category Number of variables

Innovation 29

Financial resources 32

Human capital 92

Alliances 60
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metrics for any entity, since replicating an analysis of this

type would require resources, time and human talent spe-

cialized in statistical analysis and data mining.

Likewise, there is no precedent in Colombia for estab-

lishing an annual self-correction guide based on DANE

data, which would allow the identification of the main

components based on the country’s endogenous evolution.

Although there is research in other developing countries on

the characterization used to measure technological growth,

the evidence shown to ensure that the sociopolitical and

socioeconomic conditions of these territories are similar to

those of Colombia is insufficient.

Therefore, it is necessary to establish specific bases

adapted to the Colombian context in order to generate

reliable estimators, easily adaptable to the permanent

evolution of technologies, which establish an easily rec-

ognizable guideline for the entities.

5.4 Scales used to measure endogenous growth

For an adequate study of endogenous growth, it is neces-

sary to establish a classification method based on the

overall performance of the entities that relates the data

obtained by the DANE survey with a value or label that is

naturally identifiable by the companies and that generates a

performance categorization as a final solution.

The literature indicates that nominal categorical scales

guarantee better comprehension and understanding, since

previous research focused on developing countries; Chi-

atchoua et al. [6], Romero et al. [42] applied entrepre-

neurial performance studies, whose results were identified

from scales based on nominal variables (low, medium,

high). The results acquired in ascending entrepreneurs

established a great understanding of and attachment to the

evaluation scales.

Due to the above, the most convenient option to measure

annually the progress of the Colombian business sector is

from nominal labels; therefore, it was decided to establish a

categorical measurement, which allows dividing the total

number of entities into sets, which establish their level of

growth.

5.5 Approach to the solution

Determining the metrics of comparison that will be used to

divide the population into different categorical sets allows

identifying the most relevant characteristics in endogenous

development [25], for this A mechanics will be developed

that combine the advantages of supervised and unsuper-

vised learning by carrying out an empirical evaluation from

two phases:

The first phase consists of solving a classification

problem among the DANE data, in which it is required to

identify a number of k categories; these will be defined

from a distance function between data, which will allow to

establish relationships of closeness; therefore, each classi-

fication method depends on three factors: the distance

function, the number of categories and the autocorrection

strategy (algorithm). For the solution of this phase, it is

necessary to establish a categorization or clustering method

based on the multidimensional vector system analysis.

The second phase focuses on relating the categories

obtained in phase 1 with the DANE data from participation

analysis based on a hierarchy of variables; in particular, it

seeks to determine which characteristics best sample the

population, which allows to determine the characteristics

that most influence endogenous growth.

6 Study description

6.1 First phase of the study

The first phase is established from a set of estimation

strategies E_i with i [ {1,2,…n}, which provide a distri-

bution of the data into k categories of the form B_i, then the

set is sought:

T ¼ Bi : Bi � Tkf g

T_k being an expected distribution of the data under a

set of k categories. From the set T it is intended to make a

set of estimators of the data that provide categorical

characteristics, which represent the value of the growth of

the evaluated company, being monitored as a dependent

metric of the values used to adjust the algorithm and as a

territorial model of measurement, allowing to accommo-

date the scales to the constant technological growth and

restricting an overestimated or underestimated evaluation

of the data.

The methods that will be implemented to generate the

set of estimators T are adaptive classification algorithms [3]

that refer to a special type of structures or strategies that do

not require specific modifications in the process to be

adjusted to a specific context.

Due to the nature of the data and the nominal charac-

teristics of the labels that will be used as metrics to eval-

uate the endogenous growth of the companies, it is chosen

to use methods whose application focuses on unsupervised

learning methods and processes based on fuzzy sets of

perception, since these clustering models are characterized

by classifying based on the context in which the data are

developed, an ideal structure if it is intended to implement

metrics within a territory based on the same socioeconomic

and sociopolitical structures.

Among the algorithms applied, the following were used:
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6.2 K-means

A Euclidean metric is used to adjust a number of

barycenters (Center of equal distribution of population

density), in order to recognize the point with the smallest n-

dimensional distance from the data [19]. Therefore, the k-

means estimation problem is summarized by solving the

following equalities:

arg min
Xk

n¼1

X

Xi2Sn
Xi � mij jj j2

( )

The literature has established that the appropriate

number of classes k for which the result of the estimator is

optimal is set at a scale of 5 classes, since, according to

Viloria and Pineda [46], the optimal number of Clusters

that measure endogenous growth in the database provided

by DANE is between 3 and 6; however, a scale of 3 and 4

categories would not allow identifying with sufficient

breadth companies that have a good technological devel-

opment but barely establish growth policies.

Likewise, it is a broad enough scale to identify short-

comings among innovators’ requirements, which is sup-

ported by Romero et al. [42], Chiatchoua et al. 6 and

Viloria and Pineda [46] and research that seeks to provide

measures of the same nature.

The amount of information obtained on the number of

categories used is not clear; however, to make the number

of variants in the algorithm uniform, 5 classes will be used

in all other algorithms, so the only parameters that will

allow the estimator to vary will be the autocorrection

strategies and distance metrics.

6.3 Agglomerative clustering

According to Gan et al. [16], the method seeks to establish

hierarchies between elements, based on distance measures,

which base the distinction and hierarchical position on the

closeness they have with the other points of the set, so this

algorithm provides multiple estimators as long as it is

suitable for different distance metrics; in this case, two will

be used:

Euclidean

Measure d(x, y) is established from two points x; y 2 Rn

and is defined as:

d x; yð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x1 � y1ð Þ2þ x2 � y2ð Þ2þ x3 � y3ð Þ2þ. . .þ xn � ynð Þ2

q

Manhattan

Measured is established from two points x; y 2 Rn and is

defined as:

d x; yð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x1 � y1j j þ x2 � y2j j þ x3 � y3j j þ . . .þ xn � ynj j

p

The general objective of the model is to find a series of n

points or clusters that are the closest under the distance

functions.

6.4 Fuzzy-C

The concept of fuzzy logic clustering was established by

Dunn [10] and generalized by Jim Bezdek in 1981. Con-

sists of applying the Euclidean distance to group data into

clusters according to the degree of belonging to the set

[33]. It consists of an iterative self-correcting process

whose solution is obtained by finding the appropriate

parameters that minimize the equation.

Xn

i¼1

Xk

j¼1

Um
i;jd xi;Cj

� �

The values Um
i;j represent the degree of belonging of the

element xi in the set j, k is the number of clusters, n the

number of records or data, on the other hand, the element

Cj is known as the center of the class or set and is a vector

that shares dimension xi and are the parameters that are

adjusted iteratively to know the elements of each cluster.

6.5 Consensus of solutions

Once the set of estimators T has been obtained, a consensus

opinion process will be performed, which for this purpose

will be considered as an application Rk ! R with an

associated weight vector W of dimension k, with:

Xk

j¼1

wj ¼ 1

of which each weight, wj 2 0; 1½ �, de modo que según

Baez-Palencia et al. [4] el método Group Decision Making

is defined as: se define como:

Class bð Þ ¼
Xk

j¼1

wjbj

Here bj is a categorical integer value scale defined for

the company or entity. In order for the representative val-

ues of each estimation method to be equally considered and

to be a fully interacting group, each of the values in the set

W of weights will be considered equal.
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6.6 Second phase of the study

For the second phase of the study, the global categorical

scale of endogenous growth provided by the first phase of

the study will be used to establish categorical relationships

between the variables, using supervised learning methods

that receive the vector data from the DANE survey as input

and the scales from the first phase as output.

Specifically, the classification method to be applied is

the decision tree method, according to Dey [8], which is a

type of algorithm that groups attributes, classifying them

according to their values from a binary branching system.

The depth with which the tree is worked will ensure a much

more accurate estimator.

7 Results

The values obtained by the clustering algorithms are

mathematical processes based on the dimensional prox-

imity of the data, and for these cases, the proximity was

established for different geometries evaluated by metrics.

Therefore, the relationship between categories is estab-

lished to patterns of proximity established by the distances

chosen in the algorithms adapted to the Colombian context.

With this in mind the following categories are defined:

• Category 1—Low: Companies whose levels of innova-

tion, financial resources, human capital and alliances

are kept at minimal amounts compared to the entities

with the greatest influence on technological growth. A

category 1 company maintains its main focus on the

development of its economic activity and turns to new

areas of technological expansion only when the situa-

tion requires it.

• Category 2—Low–Medium: These are entities similar

to the previous case, they are mainly focused on

developing their economic activity, but for this they

need to set minimum investment policies in the growth

of innovative topics for the solution of difficulties.

• Category 3—Medium: The companies in this category

present an endogenous development and growth that is

not limited by economic development; however, they

are overshadowed by much more effective growth

strategies presented in the subsequent categories.

• Category 4—High–Medium: Entities whose focus is on

hiring skilled personnel, investments, alliances with

skilled entities that support growth and resources to

ensure they are at the forefront of technology in

Colombia.

• Category 5—High: A company belonging to this

category develops by applying efficient growth strate-

gies, based on external contact networks, together with

high investments in knowledge, research and increased

dynamics that favor the company’s profits, as well as

the evolution of constant technological advances in

Colombia.

In this way, based on the categories, the categories

obtained by the algorithms were adapted and grouped when

evaluated with the data, obtaining categories of the com-

panies whose histogram achieves similar distributions. The

histograms obtained by the k-means algorithm are shown

in Fig. 1.

As can be seen, the categories in 2016 and 2017 have an

approximate distribution, which reflects that Colombian

companies have a low level of technological growth

regardless of the year.

In 2016, there were a greater number of companies in

category 2—Low–Medium, which means that they focused

their practices on developing their economic activity.

However, for 2017 they were placed in category 1, as the

algorithm did not perceive significant growth in any of the

four endogenous growth variables: innovation, financial

resources, human capital and alliances.

Fig. 1 Distributions of

categories in 2016 and 2017,

respectively. Source Own

elaboration
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In 2017, category 5 maintained its percentage of busi-

ness participation with 3% of the 8192 companies studied.

Likewise, category 4 remained in its participation with 9%,

which indicates stability in policies oriented toward

endogenous growth, and particularly focused on the factors

studied.

On the other hand, the correlation between distributions

of annual categories presents a high correlation as shown in

Fig. 2, indicating that the algorithm maintains an invariant

standard over time and that Colombia maintains a

decreasing index.

Similarly, for the agglomerative clustering algorithms,

the following distributions were obtained using Euclidean

and Manhattan metrics:

As shown in Fig. 3, in 2016 there was a trend of higher

endogenous growth in corporate policies; however, for the

following year the practices remained stable.

In this way, it is possible to observe how the algorithms

discriminate the behavior of the year 2017 with respect to

2016, which indicates that for the year 2017, the mechanics

of technological growth presented the previous year pro-

gressively were forgotten or became obsolete, standardiz-

ing what was considered innovative and standardizing

improvement strategies, a fact that is consistent with the

themes of business evolution, since technology is con-

stantly growing, leaving outdated the little progressive

policies that do not suit and standardizing the advances that

became distinctive in past times.

Finally, applying Fuzzy-C on the data, the following

distributions are obtained, which characterize the data from

the distributions shown in Fig. 4.

For the distributions obtained from fuzzy clustering, the

results show how more than 60% of the data tend to have

higher endogenous growth, due to the similarity found

when comparing the data globally. On the other hand, the

distribution in 2017 maintains a comparative standard with

the previously used methods, in which the highest partic-

ipation of the entities has a medium–low category main-

taining the trend that had been seen applying the other

algorithms.

Once the estimators were obtained from the methods

explained above, an expert judgment was generated with

the results obtained in the categories, with the objective of

generating the decision tree, with which the hierarchical

systems between the variables will be established to

Fig. 2 Two-dimensional histogram of the proposed categories

established by the k-means algorithm in 2016 and 2017. Source
Own elaboration

Fig. 3 Distributions of categories in 2016 and 2017 using Euclidean and Manhattan metrics, respectively. Source Own elaboration
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determine the most determinant characteristics in the

endogenous growth.

Figure 5 presents the results of the expert judgment and

Fig. 5 contains the first two branches of the decision tree

used to relate the categories to the companies (Fig. 6).

In this sense, the first branches of the trees present the

variables that allow to obtain a better sampling of the

population from the categories. Likewise, the copyright

information system has a greater relationship with the

established categories of endogenous growth.

According to the results obtained, there is a strong

relationship between endogenous growth measures and the

elements that are required to be productive internally, a

situation that companies take into account for the imple-

mentation of their policies.

Likewise, the influence that the Regional Productivity

Centers have on the generation of endogenous growth in

the companies is related to the progress of the factors:

innovation, financial resources, human capital and alli-

ances; normally used for their development, which con-

tributes to the improvement of the entrepreneurial

dynamics.

Fig. 4 Distributions of

categories in 2016 and 2017

from Fuzzy-C clustering.

Source: Own elaboration

Fig. 5 Category distributions in 2017 using Group Decision Making

from the four established methods. Source Own elaboration

Fig. 6 First initial branches of the decision tree from the global estimator for the year 2017. Source Own elaboration

3258 Neural Computing and Applications (2022) 34:3249–3261

123



This analysis can be deepened as more complex trees

are generated per variable analyzed. The maximum depth

is 14 degrees and requires taking into account all the

characteristics that support endogenous growth, making all

the elements studied have a participation in the categories.

8 Conclusions

The study concludes that innovation is supported by human

capital, with the departments of Antioquia, Atlántico,

Bogotá, Bolı́var, Boyacá, Caldas, Cauca, being the ones

that have used the most business policies around this factor

in favor of their endogenous growth.

In Colombia, the Department of Nariño registered the

highest score in the financial resources factor, which

indicates that it is one of the elements that presents defi-

ciencies in the use of its productive capital.

Similarly, in the alliances factor, the departments with

the highest scores were Quindı́o and Vichada; in which

case the results indicate that this is a variable that can be

enhanced in other regions.

On the other hand, thanks to the information provided

by the survey conducted by DANE, it is clear that the

endogenous progress of a developing country like

Colombia requires better structuring in the areas of regis-

tration and control, since only 41% of the questions

answered by the companies had enough information to

generate a territorial comparison metric, this together with

the volatile dynamics of growth that generate two main

problems for the endogenous evolution of the territorial

entities: first, the impossibility of establishing theoretical

baselines to be applied to adjust analytical models for a

specific context. Second, lack of knowledge of the general

environment in which they develop and lack of precision in

establishing improvement policies based on global

references.

The aforementioned contradictions make the algorithms

applied in this work ideal, since:

First, the DANE questions with which the algorithms

were adapted do not focus on questioning exact quantities,

but rather on establishing answers from labels or Boolean

value questions, sufficiently general characteristics that

facilitate the response by the entities and the precision of

this, at the cost of possessing less accuracy.

Second, the more or less complex study techniques

generate more flexible strategies of adjustment to real data,

ideal aspects in contexts whose characteristics may have

atypical behaviors.

Third, the ease of application and simplicity of the

implemented metrics allow them to be understood by more

experienced entities or those that are currently entering the

Colombian business context.

9 Practical conclusions and future research

From the above, this study can be replicated to other Latin

American economies and complemented by structuring

export and import models provided by analytical models

such as graph theory.

On the other hand, to identify under what conditions the

endogenous growth of Latin America in the business

context could become competitive with more developed

countries such as Asia Pacific based on simulations gen-

erated by neuro-fuzzy detection systems.

This study generates great contributions for the support

of public policies in the years after 2021, since it allows

identifying and monitoring the entrepreneurial develop-

ment of innovative projects in comparison with the

industrial standard, encouraging the main characteristics

that lead to endogenous growth, which leads to greater

economic benefit and self-sustainable development.
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7. Dane (2020) Encuesta de desarrollo e innovación tecnológica

(EDIT). https: //www.dane.gov.co/index.php/estadisticas-por-

tema/tecnologia-e-innovacion/encuesta-de-desarrollo-e-innova

cion-tecnologica-edit

8. Dey A (2016) Machine learning algorithms: a review. Int J

Comput Sci Inf Technol 7(3):1174–1179

9. Dinopoulos E, Thompson P (2000) Endogenous growth in a

cross-section of countries. J Int Econ 51(2):335–362. https://doi.

org/10.1016/S0022-1996(99)00015-X

10. Dunn JC (1973) A fuzzy relative of the ISODATA process and its

use in detecting compact well-separated clusters. J Cybern

3(3):32–57. https://doi.org/10.1080/01969727308546046

11. Ehrlich I, Pei Y (2020) Human capital as engine of growth-the

role of knowledge transfers in promoting balanced growth within

and across Countries. Natl Bur Econ Res. https://doi.org/10.1162/

adev_a_00155

12. Eniola AA, Entebang H (2017) SME managers and financial

literacy. Glob Bus Rev 18(3):559–576. https://doi.org/10.1177/

0972150917692063

13. Fagiolo G, Giachini D, Roventini A (2020) Innovation, finance,

and economic growth: an agent-based approach. J Econ Interact

Coord 15(3):703–736

14. Fulmer IS, Ployhart RE (2014) ‘‘Our Most Important Asset’’ a

multidisciplinary/multilevel review of human capital valuation

for research and practice. J Manag 40(1):161–192. https://doi.org/

10.1177/0149206313511271
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