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Abstract: Competencies are behaviors that some people master better than others, which makes them
more effective in a given situation. Considering that entrepreneurship translates into behaviors, the
competency-based approach expresses attributes necessary in the generation of such behaviors with
greater precision. By virtue of the dynamic and complicated nature of entrepreneurial phenomena
and, especially, of the numerous data sets and variables that accompany the entrepreneur, it has
become increasingly difficult to characterize it. In this study, we use predictive analysis from
the machine learning approach (unsupervised learning) in order to determine if the individual
is an entrepreneur, based on measures of 20 attributes of entrepreneurial competence relative to
classification and ranking. We investigated this relationship using a sample of 6649 individuals from
the Latin American context and a series of algorithms that include the following: logistic regression,
principal component analysis, ranking and classification of data using the Ward method, linear
discriminant analysis, and Gaussian regression among others.

Keywords: entrepreneurship; entrepreneur; entrepreneurial competence; machine learning; logistic
regression; linear discriminant; hierarchical agglomerative clustering algorithm

1. Introduction

Since the study of entrepreneurship began approximately 250 years ago, academics
from different disciplines have provided a series of interpretations and definitions to
conceptualize the study, which results in obtaining different approaches to the topic. Its
use began during the second half of the 18th century and the beginning of the 19th century
with the economists Richard Cantillon [1] and Jean Baptiste Say [2], who were not only
concerned with the economy in macro terms but also with companies and creation and
new business management. The fact is that they both viewed entrepreneurs as risk-takers
in investing their own money [3]. Since then, it is likely that entrepreneurs constitute one
of the most widely studied population groups with the greatest heterogeneity.

The notion that entrepreneurs were somehow different from the rest of the population
provided the impetus for significant research on the subject during the 1960s and 1970s [4].
However, until Herron [5] demonstrated that entrepreneurial prowess and its tendencies
are related to the performance of the new business, the persistent attempts of researchers
aligned with linking the attributes of the entrepreneurial individual in the performance of
the new business [6,7] resulted in little success.

Although some have argued that the search for differences or individual characteristics
should be abandoned in favor of research that focuses on the external causes that generate
entrepreneurial behavior [8–10], in recent decades, attention has focused on how the
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performance of the business itself is influenced by the entrepreneur [11,12]. That is why
the literature presents a large number of definitions of entrepreneurship associated with
the entrepreneur’s behavior as a key element in the process.

From the conclusions and future lines of research proposed by some authors [13–17],
there is a need to orient entrepreneurship research towards the level of individual analysis,
either from the study of psychological and sociological aspects or from the behaviors
necessary to start the entrepreneurial process that result in creating a new business.

The entrepreneur plays a decisive role in relevant decisions related to business creation
and transformation, its relevance is manifested in the different schools of thought relative
to entrepreneurship [18]. There are pioneering works that emphasize the characteristics of
entrepreneurs and their value in the creation of a company and many authors point out that
entrepreneurial behavior depends on the attributes of the individual, among which includes
the following: tolerance to failure and uncertainty [19]; leadership [20]; self-efficacy [21,22];
tendency to take risks [23,24]; decision making and problem solving [15,25], among others.
It is the combination of these attributes among others that result in business creation.

This study assumes that entrepreneurs are essential in business creation and will focus
on the characteristics that, according to the review carried out, are considered necessary
in entrepreneurial behavior. That is why this work focuses on the application of the
Kempem Model, which is aimed at measuring and analyzing the 20 attributes that make
up entrepreneurial competence in the three following dimensions: knowledge (knowing
how to know), skills (knowing how to do), and attitudes and values (knowing how to be
and knowing how to live together) [26–31].

During the past century, small companies were not considered as the drivers of eco-
nomic growth or employment because such a title seemed reserved for large corporations,
which took advantage of their economies of scale to achieve greater competitiveness. Small
businesses, however, are closer to their customers, use local resources, generate local em-
ployment, and therefore are a source of local development and more compatible with an
economic model of sustainable development. The great development of information and
communication technologies, with the Internet as the protagonist, rendered knowledge a
serious competitor relative to capital in terms of productivity. When innovative business
initiatives took this knowledge to transform it into value-generating products and services,
the “new economy” emerged and, since then, entrepreneurship became more relevant as a
source of sustainable economic growth.

The main contribution on this paper is to establish the basis for the conception of
entrepreneurship as a competence and to achieve a comprehensive definition based on the
entrepreneur that is in harmony with the requirements of the European Higher Education
Area (EHEA) [32,33] and world trends [30,34–37]. Additionally, it constitutes an effort to
provide context and quantification in all possible areas for a requirement of today’s society
such as entrepreneurship and the analysis of the entrepreneurial attributes manifested
through entrepreneurial competence. All this is aimed at designing new models for the
identification, classification and hierarchy of entrepreneurs, key activities for educational
organizations, government, multilateral entities, capitalists, and investors and companies
by using machine learning tools to design programs that address the gaps detected and to
make a better selection of the entrepreneurs they support by considering their knowledge,
skills, attitudes, and values in order to reduce the search costs and risks associated with
selection and in order to significantly increase the economic and social impact on countries.

2. Theoretical Framework

The notion of competence has been around for centuries. For example, in medieval
guilds, apprentices worked with a teacher and received certificates when their work reached
the standard established in the activity they performed. In business, competence models
are based on various approaches and notions of the concept. The human element acquires
a fundamental role in today’s successful company.
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In the sixties of the twentieth century, David McClelland began research from Harvard
University where he expressed that academic records, that is, tests on knowledge content,
intelligence, and personality tests did not provide useful information to predict reliably the
performance of people in different jobs, or to predict their success in levels or professional
careers. In this context, McClelland [38] adopted the term competence as an alternative or
complementary unit of measure to elucidate these issues. For him, competencies are more
related to performance.

McClelland [38] proposed the concept of competence to identify variables that pre-
dicted job performance. The differentiating element of the concept and of its own method-
ology implied addressing the difficulties that people have when reaching the goals that
have been proposed. This author bases his research on studies on motivation, the image
that the person has of himself, the manner in which he faces the reality of his daily life,
the identification and problem-solving strategies that he uses on a daily basis, and the man-
ner in which he manages his interpersonal relationships. Additionally, he proposes to use
criteria sampling that involves theory and practice. This requires new psychological skills
that are not commonly in the traditional examiner’s repertoire. It is about the revision of
the role of the examiner or psychologist by changing the tests of word games and statistical
analysis for a behavioral analysis.

Competence is knowledge in action. “Knowledge’s” immediate meaning is not to
describe reality but to modify it and not to define problems but to solve them; in this
sense, it is not only knowing what but also knowing how. Competence is conceived as
the effective capacity to successfully carry out a fully identified activity that is developed
through learning experiences, for which, relative to the field of knowledge, three types of
knowledge are integrated: conceptual (knowing how to know), procedural (knowing how
to do), and attitudinal (knowing how to be and knowing how to live together) [39].

Competence is defined as an underlying characteristic in the individual that is causally
related to a standard of effectiveness and/or superior performance in a job or situation [40].
They are repertoires of behaviors that some people master better than others, which makes
them effective in their performance [41]. competence involves the ability to successfully
meet complex demands in a particular context. Competence performance or effective action
is associated with the mobilization of knowledge, cognitive and practical skills, and other
social and behavioral components such as attitudes, emotions, values, and motivations [32].
The competence involves complex processes that people place into action-action-creation
to solve problems and carry out activities of daily life and the work or professional context
by contributing to the construction and transformation of reality; here, they integrate
knowing how to be, knowing how to know, and knowing how to do by taking into account
the specific requirements of the environment [30]. This is not a simple procedural of doing
as taking its dimensions (knowledge, skills, attitudes and values) separately distorts the
multidimensional approach of the competence [42].

In this sense, the Tuning Educational Structures In Europe [33] indicates that the
concept of competence maintains an integration-oriented approach since it considers that
capabilities are combined with a series of attributes and their interactions allow competent
performance. It is stated that competence can convey what the person is capable of doing
or what he is competent of executing, as well as the degree of preparation, sufficiency, or
responsibility they possess to carry out certain tasks.

As can be observed, in the literature there is a diversity of concepts and criteria in
relation to the word competence. That is why the term appears in many areas and with
different meanings. Each scenario requires specific competencies, which is why a large
number of definitions are found. However, the aforementioned definitions allow the
establishment of some fundamental aspects of competence, such as the following:

• It differs from terms such as ability, dexterity, aptitude, capacity, and performance.
• It considers the integration of three elements: knowledge, skills, and attitudes and values.
• Its ideal performance depends on the context where it takes place (knowing how to

do it in a context).
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• It covers knowing how to know, how to do, how to be, and how to live together.
• It is not limited only to the behaviors or behaviors observed.
• It is defined in terms of knowing how to act and not knowing how to do, knowing

how to know, or knowing how to be separately.
• It is definable in action, as it exists for something that can be performed with it.
• It is perfectly evaluable and measurable.
• It can be learned and developed.
• It implies actions and results.
• It has different levels of performance and different degrees of integration and mastery.
• Involves performing relatively new or non-routine tasks.
• It involves capabilities without which it is not possible to be competent.
• It is flexible and dynamic.

From what has been outlined above, it follows that competence should not only
be approached as an observable behavior or behaviors, but that it is the dynamic and
comprehensive combination of various attributes grouped in three dimensions (knowledge,
skills, and attitudes and values), which allows ideal performance in heterogeneous contexts.

Considering the above, the definitions of the dimensions that will be used in this
article and in the methodology developed and applied later are the following [30,39,43,44].

Knowledge: The ability to mentally represent sets of data, facts, concepts, notions,
information, propositions, and categories acquired in one or more disciplines through
experiences or learning that are necessary for adequate performance.

Skills: The ability to act and intervene in reality through the use of procedures or
processes that are necessary for the ideal performance in any activity, whether physical
or mental.

Attitudes and values: Attitudes and values consists of the disposition and motivation
of the individual to action and the implementation of values in professional and life
situations that is based on their autonomy, self-esteem, and ethical life project. In addition,
it corresponds to the system of beliefs and stable effective dispositions that the person
assumes as referential guidelines to act in a certain way.

On the other hand, it is appropriate to point out that in the field of entrepreneurship,
how relevant business opportunities are in terms of its availability to all individuals and
their identification and exploitation depend on personal characteristics [45]. Opportunities
are there for everyone, but it is not sufficient just to identify them. In order to be considered
an entrepreneur, it is also necessary to exploit them and the latter is a decision that only
some, for various reasons, choose and based on them create a company. Shane and
Venkataraman [46] affirm that for entrepreneurship to arise, two elements must coexist: an
opportunity and an individual willing to exploit it.

Many authors state that research on entrepreneurship is increasingly concentrating
on the behavior-based approach [13–16,47–49]. Previous research indicates that the study
of the attributes of entrepreneurs constitutes a key element within the phenomena of
entrepreneurship, which has generated the need to investigate, study, and measure the
dominant attributes in entrepreneurs [46,50–54].

In this article, entrepreneurial competence is defined as the following: The individual
condition integrated by the ideal combination of knowledge, skills, attitudes and values
that determine and are manifested through the implementation of a series of contextualized
behaviors oriented to the creation of sustainable companies that is generated from taking
advantage of lucrative opportunities for the entrepreneur and competitive for the various
actors involved [26–31].

To provide content to this definition and considering the existence of pioneering
works that emphasize the characteristics of entrepreneurs and their value in the creation
of companies [24,44,46,47,49,52,55], a bibliographic review was carried out focused on the
characteristics mostly studied in the last 80 years and that are considered necessary for the
entrepreneurial behavior to be generated. Given the lack of consensus and heterogeneity
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in this group, the 20 attributes considered most important in the literature review and for
the purposes of this study were integrated and collected in this research.

In Table 1, the attributes of the entrepreneur and their main reference authors are
presented.

Table 1. Entrepreneur attributes. Prepared by the authors on the basis of [4,13–25,46–133].

Attribute Authors for Reference

Autonomous Learning Neisser, 1976; Gartner, 1988; Mitchell, Smith, Morse, Seawright, Peredo y Mckenzie, 2002; Politis, 2005; Cope, 2011;
Cannavacciuolo, Iandoli, Ponsiglione y Zollo, 2017.

Seize opportunities Schumpeter, 1982; Begley y Boyd, 1987; Mitton, 1989; Shane y Venkataraman, 2000; Álvarez y Busenitz, 2001; Politis,
2005; Alvarez y Barney 2007; Welpe, Spörrle, Grichnik, Michl y Audretsch, 2012; Alvarez, Barney y Anderson, 2013;
Davidsson, 2015; Gaglio y Winter, 201.

Self-efficacy Bandura, 1977; Bandura, 1982; Clement, 1987; Herron y Sapienza, 1992; Shane y Venkataraman, 2000; Chen, Gully y
Eden, 2004; Goel y Karri, 2006; McGee, Peterson, Mueller y Sequeira, 2009; Drnovšek, Wincent y Cardon, 2010;
Ahlin, Drnovšek y Hisrich, 2014; Chatterjee y Das, 2015; McGee y Peterson, 2019.

Thought critical Neisser, 1976; Shaver y Scott, 1991; Bird, 1992; Krueger, 1993; McGrath, 1999; Shane y Venkataraman, 2000; Álvarez
y Busenitz, 2001; Mitchell, Smith, Morse, Seawright, Peredo y McKenzie, 2002; Baron, 2004; Sommer y Haug, 2011;
Brännback y Carsrud, 2016.

Competitiveness Friedman y Rosenman, 1974; Begley y Boyd, 1987; Matlay, Dinis, Do Paco, Ferreira, Raposo, y Gouveia Rodrigues,
2013; Stroe, Wincent y Parida, 2018.

Legitimacy Mitton, 1989; Politis, 2005; Tornikoski y Newbert, 2007; Rutherford, Buller y Stebbins, 2009; Kuratko, Fisher,
Bloodgood y Hornsby, 2017.

Creativity and innovation Brockhaus, 1980; Schumpeter, 1982; Gartner, 1988; Cunningham y Lischeron, 1991; Álvarez y Barney, 2001; Cuervo,
2005; Goel y Karri, 2006; Fillis y Rentschler, 2010; Sarri, Bakouros, y Petridou, 2010; Ahlin, Drnovšek y Hisrich,
2014; Gundry, Ofstein, y Kickul, 2014; Aldrich y Martinez, 2015; Chatterjee y Das, 2015; Edwards-Schachter,
García-Granero, Sánchez-Barrioluengo, Quesada-Pineda y Amara, 2015.

Network development Mitton, 1989; Cunningham y Lischeron, 1991; Arenius y De Clercq, 2005; Peris, Peris-Ortiz y Gil-Pechuan, 2010;
Cannavacciuolo, Iandoli, Ponsiglione y Zollo, 2017.

Confidence Shane y Venkataraman, 2000; Goel y Karri, 2006; Cacciotti y Hayton, 2015; Chatterjee y Das, 2015; Invernizzi,
Menozzi, Passarani, Patton y Viglia, 2017; Bernoster, Rietveld, Thurik, y Torrés, 2018.

Previous experience Schumpeter, 1982; Gartner, 1985; McGrath, 1999; Shane y Venkataraman, 2000; Shepherd, Douglas y Shanley, 2000;
Sarasvathy, 2001; Shane, 2003; Ucbasaran, Westhead y Wright, 2003; Politis, 2005.

Nonconformity and individ-
ualism

Cunningham y Lischeron, 1991; Goel y Karri, 2006; Anderson y Smith, 2007; Chatterjee y Das, 2015; Liñán, Moriano
y Jaén, 2016.

Leadership Fiedler, 1966; Cunningham y Lischeron, 1991; Gupta, MacMillan y Surie 2004; Covin y Slevin, 2015.

Internal locus of control Rotter, 1966; Brockhaus, 1982; Gartner, 1985; Begley y Boyd, 1987; Shaver y Scott, 1991; Chatterjee y Das, 2015;
Espíritu-Olmos y Sastre-Castillo, 2015; Hsiao, Lee y Chen, 2016; Knopf, Stone, y Winston, 2017.

Motivation McClelland, 1961; Begley y Boyd, 1987; Cunningham y Lischeron, 1991; Herron y Robinson, 1993; Shane y
Venkataraman, 2000; Shane, Locke y Collins, 2003; Segal, Borgia y Schoenfeld, 2005; Ismail, Husin, Rahim, Kamal y
Mat, 2016.

Persistence Mitton, 1989; Schindehutte, Morris y Allen, 2006; Cardon, Wincent, Singh y Drnovsek, 2009; Gielnik, Spitzmuller,
Schmitt, Klemann y Frese, 2015; Adomako, Danso, Uddin y Damoah, 2016.

Persuasion Schumpeter, 1982; Shane y Venkataraman, 2000; Shane, 2003; Álvarez y Busenitz, 2001.

Possession of information Schumpeter, 1982; Shane y Venkataraman, 2000; Shane, 2003; Álvarez y Busenitz, 2001.

Tendency to take risks Mill, 1872; Schumpeter, 1982; McClelland, 1961; Brockhaus, 1980; Shane y Venkataraman, 2000; Lüthje y Franke,
2003; Rauch y Frese, 2007; Kreiser, Marino, Kuratko y Weaver, 2013; Chatterjee y Das, 2015; Espíritu-Olmos y
Sastre-Castillo, 2015.

Tolerance for failure and un-
certainty

Budner, 1962; Begley y Boyd, 1987; Mitton, 1989; McGrath, 1999; Sarasvathy, 2001; Shepherd, 2003; Minniti 2005;
Politis, 2005, 2008; Politis y Gabrielsson, 2009; Cope, 2011; Cacciotti y Hayton, 2015; Chatterjee y Das, 2015.

Decision making and prob-
lem solving

Covin y Slevin, 1991; Gartner, Bird y Starr, 1992; Sarasvathy, 2001; Dane y Pratt, 2007; Miao y Liu, 2010; Shepherd,
2011; Holland y Garrett, 2015; Maine, Soh y Dos Santos, 2015; Martina, 2018.

After identifying and analyzing the attributes that define and characterize the en-
trepreneur, these were integrated and analyzed from the competence-based approach,
including its three dimensions: knowledge (knowing how to know), skills (knowing how
to do), and attitudes and values (knowing how to be and know how to live together).
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For carry this analysis out, each attribute was located within each of the dimensions that it
is composed of (knowledge, skills, and attitudes and values).

In this research, competence is analyzed from a systemic point of view since the
attributes considered key in the specialized literature are integrated into their dimensions
and are globally evaluated. It assumes that the attributes of people are essential for business
creation, growth, and strengthening. The attributes analyzed in the Kempem Model are
presented in Table 2.

Table 2. Attributes of entrepreneurial competence relative to the Kempem model. Source: Prepared by the authors on the
basis of [4,13–31,38,46,47,49,50,54,56–132].

Knowledge Skills Attitude and Values

• Autonomous learning
• Previous experience
• Critical thinking
• Possession of information

• Exploit opportunities
• Development of contact networks
• Creativity and innovation
• Leadership
• Persuasion
• Decision making and problem solving

• Self-efficacy
• Competitiveness
• Confidence
• Nonconformity and individualism
• Legitimacy
• Internal locus of control
• Motivation
• Persistence
• Tendency to take risks
• Tolerance for failure and uncertainty

From what was outlined above and in agreement with Villa and Poblete [134], it
follows that an inseparable characteristic of competence is that it must be demonstrated
in performance and be verifiable in practice through evident behaviors. Competence is
demonstrated in the manner the person solves problems, how they relate to and work
with others, what interpersonal attitudes they demonstrate, and what values they manifest.
This demonstration of being competent requires the integration of its three dimensions,
namely knowledge, skills, and attitudes and values. The lack of some of them or the lack
of integration can result in a manifestation of incompetence.

Although there are various methods used to identify, classify, and rank entrepreneurs
(each with a very particular set of criteria), none of the methods focuses on the compre-
hensive measurement and analysis of the entrepreneur’s attributes (knowledge, skills,
attitudes and values) necessary for the objective assessment (individual and group) of
entrepreneurial competence through the use of machine learning.

Given that stakeholders interested in projects have a great interest in evaluating the
value that entrepreneurs bring to organizations, it is necessary to have adequate evaluation
and support tools for classifying and ranking them effectively [135–138]. In this sense,
Barclay and Osei-Bryson [139] point out that one of the main problems in evaluating
project performance is the use of traditional systems associated with costs, deadlines, and
specifications. These criteria have been considered incomplete by many researchers [140].
This gap has been identified as the basis for a high incidence of project failure [141]. How-
ever, despite their inconsistencies, these measures continue to dominate the practice [142].
That is why we consider it necessary to provide a model that implies the optimization of
measures for the evaluation and analysis not only of the projects but also of the people
involved in them.

The Kempem Model is an automated methodology that allows the measure and
analysis of 20 attributes of entrepreneurial competence grouped into three dimensions
(knowledge, skills, and attitudes and values) and displays the level of maturity of the
current and potential performance of people. It has been applied in several samples:
university students, internal entrepreneurs, independent entrepreneurs, and even some
pilot tests that have been carried out in adolescents [3,23,143].
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The model allows the identification, classification, and ranking of the factors that
condition high-level performance in individuals. In addition, it has a multivariate approach,
where the statistical analyses carried out together with the use of machine learning tools
are aimed at evaluating current performance without bias and for developing predictive
analyses of the future performance of the person by continuous improvement of the
algorithm. As more data are entered, it becomes more effective and efficient. In this
manner, the model is optimized by processing, evaluation, and machine learning through
the use of the analyzed data set.

3. Materials and Methods

The global objective of machine learning is to use algorithms to discover information
in the available data that, when applied, contributes to making decisions about the actions
to be taken in the future. In this particular case, there is a database made up of the responses
provided by individuals to a series of questions and various dimensionality reduction and
classification techniques were used to separate the individuals into three disjoint classes
that corresponded to the level of maturity: low, medium, and high.

For the processing and analysis of the data presented in this article, the algorithm was
coded in Jupyter Notebook which is an interactive extension of the Python console and the
following libraries were used among others: sklearn, scipy, matplotlib, numpy, and pandas.
This programming language allows the detection of errors, elimination of biases, and the
validation of variables at runtime.

In the study, it was observed that, in each dimension, many of the items were related
and that it was possible to perform a dimensionality reduction in order to facilitate the
execution time of the algorithm that was developed within the framework of the Kempem
Model. In addition, it is important to note that some individuals did not answer all the
items and, therefore, their responses were recorded as “NaN” (Not a Number). In this
manner, the first activity was focused on data purification and avoiding those individuals
who possessed NaN (missing data), eliminating them from the database that would be
used to execute the algorithm.

Many authors indicate that some algorithms in machine learning do not work properly
when the data possesses different units of measurement [144]. For this reason, the next
activity to execute consisted of standardizing the data, that is, subtracting the arithmetic
mean and dividing it by the standard deviation. In this particular case, all the data
were in the same unit of measure, which means that it was not necessary to perform the
aforementioned scaling. However, standardization was carried out in order to optimize the
algorithm as much as possible and, in the future, to permit us to handle data that possess
different units of measurement.

For the processing and treatment of the data and the corresponding execution of the
algorithm, the following methodology corresponding to the Kempem Method was followed:

1. After filtering the data, we proceeded to perform dimensionality reduction for the
three dimensions: knowledge, skills, and attitudes and values using a singular value
decomposition and taking the eigenvectors with the highest associated singular
values (component).

2. Once the main components were obtained, the contribution of each of the items that
make up each dimension in each of the attributes was analyzed.

3. Using the data in a smaller dimension for which the base is provided by principal
components, a dendrogram type graph was used using the Ward method with Eu-
clidean distances. This procedure allowed us to observe that the data can be divided
into three different classes.

4. With the above information, a linear discriminant analysis was performed to separate
and further evidence such division.

5. The scores that made it possible to detect joint possession of the attributes of en-
trepreneurial competence were generated by logistic regression since it is a model that
allows the identification of the relationships between independent variables that can
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be of any type and scale. The result of the adjustment is a score contained between
zero and one, which is similar to a probability.

6. The dependent variable was defined with a value of 1 if the subject belonged to the
group “high potential entrepreneurs”. For the rest of the individuals, the value zero
was assigned.

7. All the regression coefficients were significant, which means that all the attributes
had an effect on the determination of entrepreneurial competence.

8. The model was evaluated with the test data and the results were shown in a confusion
matrix that indicated its level of precision.

9. The normality of the distribution of the scores of the individuals is verified using the
created model.

10. Each individual is scored between 0 and 5 per attribute and the individual is also
scored between 0 and 10 per dimension.

11. The scores for all main components (attributes) are included.
12. Individuals are identified, ranked from 0 to 100, and classified into three groups (red,

yellow, and green), which represents the entrepreneurial maturity metric.

4. Results

After the exploratory analysis of the data, no anomalies, atypicalities, or missing data
were detected in the collected items. From the attributes that make up the three dimensions
of entrepreneurial competence that are used as the main components, we proceeded to
identify the groupings in each of the dimensions in order to find the group for which joint
ownership could be measured in high values of the attributes that define entrepreneurial
competence. Next, the discrimination of the results obtained in each of the dimensions
is evaluated.

4.1. Knowledge

In Figure 1, it is observed that the contribution of the rest is minimal from the fourth
singular value. Therefore, we only considered the first four singular vectors or principal
components for the 27 items of the knowledge dimension that corresponded to 55.12%
of variability.

Figure 1. Explained variance for the knowledge dimension.

From the four main components, the contribution of each of the 27 items that make up
the knowledge dimension in each of the components was analyzed. When performing this,
it was observed that each component corresponds to the following attributes:



Sustainability 2021, 13, 8252 9 of 24

• Autonomous learning: The faculty that takes conceptual and abstract information on
where and how to obtain unappreciated resources, both explicit and tacit, and how to
use them efficiently;

• Previous experience: Tacit knowledge acquired from the practices associated with the
individual’s learning, includes work, professional, entrepreneurial, and managerial
experiences and those that are acquired by a relationship with a specific industry;

• Critical thinking: The ability to carry out evaluations, judgments, or make decisions
associated with the analysis of an opportunity, the creation of a business, and its
growth by using simplified mental models aimed at joining information that was
previously disjointed;

• Possession of information: This covers all the data, concepts, or theories previously
acquired and that individuals use during the process of discovering and taking
advantage of opportunities and the formation of new businesses.

We can observe a dendogram in Figure 2 where we can find that the data can be
partitioned into three different clusters (Figure 3).

Figure 2. Dendogram for the knowledge dimension.

Using linear discriminant analysis, we observe a two dimensional graph of the clustering.
When we evaluate the predictive model by using logistic regression with the test

data, a precision of 98.96% is yielded and this can be observed in the confusion matrix
represented in Table 3.

Table 3. Confusion matrix for the logistic model of the knowledge dimension.

Actual Class

Pr
ed

ic
te

d
cl

as
s Low Maturity Medium Maturity High Maturity

Low maturity 1689 5 7

Medium maturity 3 3670 18

High maturity 11 25 1221

In Figure 4, it can be observed that the distribution of the score of the individuals
using the model created by regression is normal.
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Figure 3. Linear discriminant analysis for the knowledge dimension.

Figure 4. Distribution of scores of individuals using the Kempem Model for the knowledge dimension.

4.2. Skills

For the skills dimension (43 items), in this case after performing principal compo-
nent analysis, the six components were considered and they corresponded to 48% of
the variability (Figure 5).

Figure 5. Explained variance for the skills dimension.
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After the corresponding analysis to determine the contribution of each item in each of the
main components, it is observed that these components correspond to the following attributes:

• Exploit opportunities: Subjective action oriented to the ability to identify new com-
binations of available resources and information through constant inquiry into the
environment and observation of changes;

• Development of contact networks: This consists of building and transforming rela-
tionships of an effective nature into relationships of an instrumental nature in order to
acquire trust, be more efficient, promote the exchange of resources, provide ideas, access
privileged business opportunities, and to obtain the commitment, help, and skills of the
actors involved in order to materialize a project or task and to improve innovation;

• Creativity and innovation: The behavioral pattern of an individual who is interested
in creating change and carrying out a dynamic that pushes the market on a model of
imbalance that permits developing, acquiring, building, or managing new products,
processes, services, materials raw materials, and methods of organization;

• Leadership: The ability to define a vision of what is possible and to attract people
to work together on it in order to transform the vision into reality by facilitating
individual and collective efforts to achieve a shared goal;

• Persuasion: The process of influencing or convincing people to change their attitude
or behavior in order to define a vision of what is possible or what you want to achieve;

• Decision making and problem solving: This involves choosing between possible
effects of an action using a set of given means and, in addition, choosing the set
of means to achieve a desired effect. This is especially applied in situations where
there are no historical trends, levels performance reports, and little or no specific
information. Therefore, the future is highly uncertain and the nature or precise
characteristics of the objectives are not known with any degree of certainty.

As in the case of knowledge, the data are visualized using a dendrogram with the
Ward method and Euclidean distance. Furthermore, it is also observed that the data can be
classified into three classes (Figure 6). Three classes are contemplated in the dendrogram,
although two of them are close enough not to be differentiated by color.

Figure 6. Dendogram for the skills dimension.

Figure 7 corresponds to the linear discriminant analysis. We can observe the separation
of the classes.
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Figure 7. Linear discriminant analysis for the skills dimension.

A certainty of 99.23% is observed when we evaluate the data within the model. It can
be observed in the corresponding confusion matrix shown in Table 4.

Table 4. Confusion matrix for the logistic model of the skills dimension.

Actual Class

Pr
ed

ic
te

d
cl

as
s Low Maturity Medium Maturity High Maturity

Low maturity 2463 29 9

Medium maturity 10 3622 0

High maturity 3 0 513

As in the previous case, the score of the individuals obtained using the Kempem
Model for the skills dimension is adjusted to a Gaussian model (Figure 8).

Figure 8. Distribution of scores of individuals using the Kempem Model for the skills dimension.

4.3. Attitudes and Values

For the attitudes and values dimension, the remaining 77 items were reduced to only
ten main components with a variability of 39.69% (Figure 9).
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Figure 9. Explained variance for attitudes and values dimension.

These main components correspond to the following attributes:

• Self-efficacy: The belief that an individual has the individual ability to pursue and
persist to achieve a goal, even in the face of skepticism from others.

• Competitiveness: The complex action-emotion of an individual who is aggressively
involved in a chronic and incessant struggle to achieve more in less time and who,
if necessary, will do so against the opposing efforts of other situations, means, or persons.

• Confidence: This arises when individuals are optimistic and confident in their analysis
of a situation by using their estimation skills and recognizing the uncertainty that
really exists.

• Nonconformity and individualism: The ability to execute a series of initiatives that
contribute to improving the environment. This implies thinking in a personal capacity
outside the established margins for the generation of new products, processes, services,
markets, projects, or companies.

• Legitimacy: The deliberate manipulation of the individual and her project, which
allows external actors to perceive a sense of relative permanence of the project that is
being initiated.

• Internal locus of control: The perception that rewards are a consequence of an indi-
vidual’s behavior; that is, the ability perceived by subjects to directly influence events
in their lives.

• Motivation: The incentive that leads people to carry out specific actions and that must
necessarily be intrinsic because they are motivated to achieve their goals, they enjoy
the process of performing it, they obtain personal satisfaction, or because the activity
is significant in itself for them.

• Persistence: The continuity of actions that involve intense effort during long and
difficult hours regardless of the obstacles that arise in order to meet the proposed
objectives. The level of commitment helps individuals overcome fatigue and failure to
achieve a goal.

• Tendency to take risks: The perceived probability of receiving rewards associated
with the success of a specific situation and for which the alternative provides fewer
rewards as well as less severe consequences.

• Tolerance to failure and uncertainty: The ability to accept that failure is a learning
technique that provides the opportunity to diagnose why an error has occurred; fail-
ures provide information to discover uncertainties that were previously unpredictable.
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As in the case of knowledge, the data are visualized using a dendrogram with the Ward
method and Euclidean distances. Furthermore, observing that the data can be classified
into three classes (Figure 10).

Figure 10. Dendogram for the attitudes and values dimension.

We see the clustering in three classes with a projection in two dimensions using the
linear discriminant analysis. See Figure 11.

Figure 11. Linear discriminant analysis for the attitudes and values dimension.

The model is created using logistic regression and has an accuracy of 98.73% as can be
observed in the confusion matrix provided in Table 5.

Table 5. Confusion matrix for the logistic model of the skills, attitudes, and values

Actual Class

Pr
ed

ic
te

d
cl

as
s Low Maturity Medium Maturity High Maturity

Low maturity 2436 36 7

Medium maturity 32 3611 0

High maturity 8 1 518
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As in the previous case, the scores of the individuals obtained using the Kempem
Model for the attitudes and values dimension also fits a Gaussian model (see Figure 12).

Figure 12. Distribution of scores of individuals using the Kempem Model for the attitudes and
values dimension.

In Figure 13, the score obtained by one of the individuals analyzed in each of the main
components (attributes of entrepreneurial competence) is observed in comparison with the
results obtained by the total group (6649 individuals).

Figure 13. Score obtained by an individual in each of the main components.
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The average of the individuals compared to the average of the ideal value in each
dimension is presented in Figure 14.

Figure 14. Global ideal and average of the score in each dimension.

Finally, each individual was assigned a global score that permits them to be classified
and ranked with low, medium, or high maturity. The graph of the distribution of global
individuals can be observed in Figure 15.

Figure 15. Distribution of the global score.

5. Discussion and Conclusions

Knowing entrepreneurs and their attributes is of utmost importance for the devel-
opment of current societies, but it is a complex problem given its multidimensional and
transdisciplinary nature.

The present work is novel for the application of predictive analysis from the machine
learning approach (unsupervised learning) to determine which individuals are entrepreneurs.

The methodology corresponding to the Kempem Method has been followed and, with
it, three groups were obtained. The first one, with a weight of 5.47%, has very low valua-
tions in the measured attributes. The second is of larger size, with 85.68% that presented
gaps in many of them. Finally, with a proportion of 8.85%, a group with high scores was
obtained for entrepreneurial competence jointly in its dimensions and attributes. This is the
grouping that, for the purposes of this article, is called “high potential entrepreneurs” and
for whom scoring systems were generated that allowed their identification, classification,
and proper ranking in a metric of “entrepreneurial maturity” ranging from 0 to 100.
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This study not only contributes to the construction of the concept of entrepreneurial
competence from the adoption of the 20 attributes associated with entrepreneurial behavior
and their characterization using machine learning techniques but also contributes to the
results obtained from the application of emerging tools in data science in the research
on entrepreneurs. This is because the results permitted the development of a predictive
model with a scoring system that determines the degree of possession of entrepreneurial
competence in individuals, as well as the gaps for each attribute and dimension.

The findings of this investigation are consistent with other investigations that indicate
the positive and significant influence of knowledge on entrepreneurial behavior [84,145–149].
These studies indicate that the individual who wishes to create a company must begin to
carry out some activities such as the following: preparing business plans, acquiring resources,
organizing the start-up of the business, requesting licenses or patents, and developing models
or prototypes among other activities for which he needs to develop autonomous learning and
critical thinking. In addition, the entrepreneur must possess information and have previous
experience; these are factors that are part of the knowledge dimension proposed in this
paper. Thus, we can point out that the knowledge acquired through previous experience
and the possession of information becomes useful when creating a company, since they can
increase the methods in which entrepreneurs identify new opportunities and how they can
take advantage of them efficiently. Regarding autonomous learning and critical thinking,
the entrepreneur must be aware of the relevance of developing the necessary knowledge that
allows them to be efficient in the creation and management of new businesses. It is necessary
for the entrepreneur to be able to take advantage of any abstract information that they acquire
in order to know where and how you obtain the resources for your company and, also, how
to use and take advantage of them.

Additionally, it was found that the skills measured in this study also have a positive
and significant influence on entrepreneurial behavior. This relationship has already been
established in previous studies [13,149–152], which indicate that the individual depends on
skills, such as taking advantage of opportunities, since they must perceive that the decision
for starting a business stems from a credible opportunity. It was also observed that other
skills are necessary, such as creativity and innovation, in order to start designing the possi-
ble new business model that he wants to carry out based on the identified opportunities.
Likewise, the development of social capital or contact networks is essential, since these
networks are the greatest source of information for entrepreneurs and, as they interact,
they can expand their own networks and find valuable resources for the development of
their ventures. On the other hand, they can check if their business ideas have the potential
to be implemented and establish links with people who can contribute to the realization of
the initial activities for business creation involved in the nascent entrepreneurship through
these networks. The fact that they are inclined to action induces them to look for contacts
and connections to obtain and fulfill certain conditions that represent advantages for their
own entrepreneurial goals. In short, it is necessary to have skills that allow the individual
to carry out a series of activities aimed at achieving their goal.

Regarding the attitudes and values dimension, the findings of this research are con-
sistent with the results obtained in previous research [95,151,152] which highlight that
persistence is the product of an individual’s ability to overcome the skepticism of others
and that leads him to commit to the achievement of specific objectives as a result of his in-
trinsic motivation. Likewise, the decision to take advantage of an opportunity is influenced
by different individual perceptions of optimism [46], which contributes to providing the en-
trepreneur a more positive view of the skepticism of others. Attributes such as self-efficacy,
competitiveness, tolerance for failure, and motivation are considered the elementary factors
for the creation of a company. The tendency to take risks can serve as a motivational agent
to start a new business. Tolerance for uncertainty is essential as new entrepreneurs will
begin to encounter changing situations and must be able to adapt and be flexible to the
circumstances that arise. Entrepreneurs can view uncertainty as an exciting stimulus rather
than a threat when carrying out their initiatives. However, high tolerance for ambiguity



Sustainability 2021, 13, 8252 18 of 24

does not ensure the successful completion of an undertaking and so it is also important
that they have tolerance for failure in order to take advantage of failures to modify future
behaviors. Tolerance and failure contribute to reducing uncertainty, increasing variety,
and expanding the search for new opportunities [74].

The identification, classification, and hierarchy of entrepreneurs through machine
learning allows the following:

• Possessing a methodology focused on evaluating people;
• Evaluate accurately and objectively the entrepreneurs who will carry out the projects

in order to set criteria and expectations about them;
• Identify high-potential entrepreneurs with a precision greater than 98;
• Determine gaps to design or adjust training programs;
• Efficiently allocate resources for entrepreneurship;
• Identify entrepreneurial attributes in order to enhance or develop them;
• Gather useful information for making strategic decisions;
• Design personalized models of entrepreneurial competence;
• Minimize the risk in capital investment;
• Increase positive impact by appropriately allocating support programs and capital for

investment in entrepreneurship.

All of this is aimed at reducing the mortality rate of enterprises (dropouts) and
increasing their permanence beyond 42 months.

From an organizational point of view (intrapreneurship), the model allows for
the following:

• Collection of useful information for the recruitment of new talents and preparation of
career plans, training, evaluation, promotion, and compensation systems;

• Facilitate the adjustment between the job profile and the required attributes based on
the processes of selection, location, and training of personnel;

• Evaluate workers accurately and objectively to set criteria and expectations about them;
• Promote the development of human talent by using specific training processes;
• Design personalized models of entrepreneurial competence according to organiza-

tional objectives in order to adjust the processes of evaluation and management of
worker performance;

• Identify organizational competencies and their strategic alignment;
• Provide feedback to workers about their performance;
• Provide development opportunities and create conditions for the active participation

of all members of the organization considering the organizational objectives;
• Promote the individual development of workers;
• Promote workers to carry out positions in a higher field due to the identification of

their potential;
• Adjust workers to each position based on the processes of selection, location, and

training of personnel;
• Identify workers who hold positions for which they are not prepared due to lack of

appropriate training.

Sustainability would be provided because the model promotes the rational, conscious,
and responsible use of the available economic resources which allows, through the use
of the minimum resources, the benefits to be maximized. Since we are identifying en-
trepreneurial competence, which include the attributes and entrepreneurial potential in
people, it is possible to implement a set of efficient, economically profitable, and ethically
balanced practices. The objective of the implementation is to achieve, by using a con-
scious model of economic development, a higher and better level of social welfare that
provides everyone the possibility of accessing a good standard of living and having the
same opportunities.

As limitations of the study, we can point out that although the sample used made up of
6649 individuals and is a very remarkable and a positive aspect of the research, we consider
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that it should be extended to other contexts in addition to Latin America. Therefore, an
immediate future line of research is to validate the model in other different geopolitical
areas. It is also proposed that future investigations should advance other predictive
techniques of machine learning, such as the use of neural networks and decision trees in
order to optimize the algorithm and to render more efficient identification, classification,
and hierarchy of an entrepreneur’ high potential.
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