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Abstract

:

The aim of this paper is to identify profiles of young Colombian entrepreneurs based on data from the “Youth Entrepreneurship” survey developed by the Colombian Youth Secretariat. Our research results show five profiles of entrepreneurs, mainly differentiated by age and entrepreneurial motives, as well as the identification of relevant skills, capacities, and capabilities for entrepreneurship, such as creativity, learning, and leadership. The sample consists of 633 young people aged between 14 and 28 years in Medellín. The data treatment was approached through cluster analysis using the K-means algorithm to obtain information about the underlying nature and structure of the data. These data analysis techniques provide valuable information that can help to better understand the behaviour of Colombian entrepreneurs. They also reveal hidden information in the data. Therefore, one of the advantages of using statistical and artificial intelligence techniques in this type of study is to extract valuable information that might otherwise go unnoticed. The clusters generated show correlations with profiles that can support the design of policies in Colombia to promote an entrepreneurial ecosystem and the creation and development of new businesses through business regulation.
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1. Introduction


Entrepreneurial culture in Latin America is an increasingly important issue because of its potential to drive regional economic and social development. Some of the defining characteristics of entrepreneurial culture in Latin America include creativity and innovation, adaptability, resilience in the face of challenges, and a strong focus on collaboration and teamwork; however, much remains to be done [1].



An entrepreneurial culture is fundamental to the economic and social development of any country, and Colombia is no exception. Fostering an entrepreneurial culture in Colombia means promoting entrepreneurship and creativity, which can create new jobs and increase innovation in the country. Youth entrepreneurship in Colombia has some characteristics that distinguish it from other types of entrepreneurships. First, it is common for young entrepreneurs in Colombia to create innovative enterprises, especially start-ups [2]. They also tend to be very focused on innovation and technology, using digital tools and technological solutions to improve their products and services [3]. It is also common for young entrepreneurs in Colombia to seek to solve social or environmental problems through their ventures [4], reflecting a concern for the country’s problems and a desire to contribute to solving them as young entrepreneurs. Through its regulatory framework, Colombia is strengthening the country’s entrepreneurial ecosystem and placing it at the centre of economic and social reactivation. This will strengthen Colombia’s future and position it as an entrepreneurial nation and regional leader in innovation. According to the OECD, the macroeconomic environment, growth prospects, public institutional capacity, and policy and regulatory frameworks are essential elements to make this a reality [4].



Youth entrepreneurship has been studied from different perspectives; in this sense, advances in the fields of artificial intelligence (AI) and machine learning (ML) in recent years have provided researchers with new methodological tools to build models that can predict different human behaviours and provide accurate information about the predictive capacity of entrepreneurs. Studies by Schade and Schuhmacher [5] show how by using different supervised machine learning techniques, including decision tree, random forest, artificial neural network, k-nearest neighbour, extreme increasing degree tree ensemble, and naïve Bayesian, it is possible to obtain a baseline and estimate their relative values and achieve prediction from a model based on the Global Entrepreneurship Monitor dataset of 1,192,818 individuals from 99 countries, with an overall accuracy ranging from 70.1% to 91.2%. The results show that entrepreneurial self-efficacy and opportunity recognition are the most important characteristics for predicting opportunity-driven entrepreneurial activity.



Society demands knowledge of the primordial value of lifelong learning and research to generate knowledge that enables innovation in all sectors. Entrepreneurial culture is essential to this process, as it requires knowing and identifying cultural differences, creating knowledge, and promoting rapid economic and social growth [6].



Youth entrepreneurship perspectives are promoted in business models based on the gig economy (small order economy, on-demand). It has become an essential driver for the creation of new businesses [3], such as digital ones promoted by disruptive innovations [7], making entrepreneurship a viable tool to counter the effects of the pandemic [8]. It is not about specific actions at specific points in time but about a strategic and entrepreneurial orientation that is sustainable over time, as well as the assumption of responsibility and value-creating stakeholder networks [9]. A crisis such as COVID-19 poses challenges and provides new opportunities that increase people’s intentions to start businesses [10].



The aim of this paper is to apply machine learning algorithms (K-means) to obtain a detailed analysis of the characteristics that define a dataset, which in this case was the “Youth Entrepreneurship” survey developed by the Secretariat of Youth of Colombia, to obtain some knowledge and insights about the qualities and skills for entrepreneurship among young people in Medellín.




2. Theoretical Framework


Entrepreneurship is a highly complex phenomenon that has been extensively studied in various disciplines, such as economics, psychology, and sociology. This section reviews the existing literature to gain a deeper understanding of the key concepts and factors associated with entrepreneurship. In this context, it is emphasised that entrepreneurship occurs when a person discovers an investment opportunity, i.e., when he or she manages to identify and exploit favourable situations [11]. Similarly, Gelderen et al. [12] point out that it implies the ability to identify and exploit opportunities. On the other hand, Lumpkin and Dess [13] define entrepreneurship as the ability to develop an entrepreneurial spirit.



Entrepreneurship refers to the personal characteristics and qualities that enable an individual to identify and seize business opportunities, take calculated risks, be innovative, and have a proactive mindset. According to Lumpkin and Dess [13], entrepreneurship encompasses the ability to make independent decisions, the passion to achieve challenging goals, and the willingness to take responsibility. Baron [14] states that entrepreneurship involves the ability to see opportunities where others see problems, to take calculated risks, and to have the determination and tenacity to turn ideas into concrete realities. In other words, entrepreneurship implies the ability to identify investment opportunities and refers to the personal characteristics that enable someone to identify and seize those opportunities, take risks, be innovative, and have a proactive attitude in the pursuit of challenging goals.



2.1. Determinants of Youth Entrepreneurship


During childhood, children define entrepreneurial characteristics based on their creativity, risk-taking, and resilience, which are fostered by the parental and social environment [15]. Later, adolescents’ entrepreneurship further depends on their social environment, motivation, resources, autonomy, risk-taking, and innovativeness [16,17,18]. They supplement their education with (a) courses, (b) workshops, (c) guest speakers, (d) simulations, and (e) entrepreneurship competitions [19,20,21,22]. At the university level, there is a link between students’ entrepreneurial learning, knowledge acquisition/creation/use and their entrepreneurial mindset. Their competencies need to be reconfigured to strike a balance between exploring new roles and using existing ones to adapt to market demands [23]. Teacher–student support and student–student relationships are essential in creating the learning environment [24] which in some cases translates into the creation of incubators that play an essential role in the entrepreneurial ecosystem [25].



In addition to the above, the results presented in a study of youth entrepreneurship in low-income countries [26] found that discrimination associated with the condition of migrants encourages entrepreneurship. In the Latin American context, the phenomenon of migration is mainly produced by young people of Venezuelan nationality. In the case of Colombia, not only does the phenomenon of Venezuelan migration converge, but also the internal displacement of rural communities to cities caused by years of internal civil conflict. Despite their remarkable resilience, commitment, creativity, and personal resources in terms of skills and family support, most returnees find themselves in a situation of permanent insecurity. They face difficulties in meeting their basic, existential, and security needs due to several challenges [27].



On the other hand, Zulkifle and Aziz [28] propose four new independent variables: social awareness, prior entrepreneurial experience, cosmopolitanism, and cultural intelligence as determinants of entrepreneurship. Similarly, Rusu et al. [29] suggest that the determinants of entrepreneurial intention are related to aspects such as access to finances, knowledge, and education. Entrepreneurship education can significantly influence the determinants of entrepreneurship by providing the knowledge, skills, competencies, and networks necessary for successful entrepreneurship.



In that sense, entrepreneurship education can help young and potential entrepreneurs overcome barriers and develop the skills needed to start and run a successful business [30]. In recent years, the growing importance of entrepreneurship education has been recognised as central to promoting entrepreneurship and preparing individuals to meet the challenges of today’s business environment. The literature consistently supports the need for sound entrepreneurship education that provides students with the skills and knowledge necessary to start and run their own businesses. In particular, the European Commission’s report on entrepreneurship in education (2017) highlights the importance of entrepreneurship education in fostering an entrepreneurial mindset from an early age. Furthermore, research, such as that conducted by Fiet [31], highlights the need for a more holistic approach to entrepreneurship education, emphasising the importance of practice and practical experience rather than focusing solely on theory and concepts. Finally, a study by Neck et al. [32] highlights the importance of integrating the development of entrepreneurial skills into all levels of education, not only by offering specific entrepreneurship courses, but also by incorporating entrepreneurship elements into different disciplines and educational programmes. This approach will enable students to acquire an entrepreneurial mindset and develop transferable skills that are relevant in today’s business world.



A review of the literature allows us to conclude that several characteristics of the entrepreneur have been considered (described by Ramírez et al. [33] and summarised in Table 1).




2.2. Challenges and Difficulties in Youth Entrepreneurship


The challenges and difficulties of entrepreneurship [16] suggest that a scarcity of financial resources is the main challenge to starting a new business, coupled with the difficulty of procedures that make potential entrepreneurs more reluctant to start their business legally. Consequently, it is helpful to implement mechanisms of access to credit and communication to minimise the costs and maximise the benefits for the entrepreneurial seed [38,39,40]. On the other hand, Kebede [41] also identifies deficits in entrepreneurship education, lack of effective administrative and regulatory frameworks, and lack of access to better technology systems and infrastructure, among others, for which fostering entrepreneurship through video games can be considered an innovative alternative [42].



In the context of collective entrepreneurship, Chatti and Hamrouni [43] identify the critical success factors and difficulties faced by entrepreneurs in developing business opportunities. The results of this study, which involved five entrepreneurs who had experienced collective entrepreneurship, show that diversity of knowledge and experience, as well as interpersonal conflicts, can be obstacles that hinder the development of business opportunities in the context of collective entrepreneurship.



In the Colombian case, the main difficulties focus on government support for entrepreneurship as a formal institution. However, given the lack of diversification through industrialisation and import substitution, as well as the violence that the country faces, entrepreneurship is a challenge [40]. The institutional framework for entrepreneurship in the country is not well developed [40]. A country’s institutional framework plays a key role in fostering entrepreneurship, which drives economic growth. Institutional factors include political stability, government effectiveness, regulatory quality, strong rule of law, ease of starting a new business, and availability of credit [44].




2.3. Artificial Intelligence


Machine learning is the most common application of artificial intelligence and is mainly based on supervised learning in which AI is trained on human-provided eth-quotients. Deep learning, on the other hand, involves training on unlabelled data, allowing the machine to discover underlying patterns through its algorithms.



Artificial intelligence, as a tool applied to the study of entrepreneurship, and how they are combined and used, will determine their impact on humanity. Although researchers have made independent advances in understanding entrepreneurship and artificial intelligence, these two areas of research have largely progressed in parallel [45].



AI is a broad field that includes aspects of intelligence, perception, sensing, reasoning, and aspects of ML [46]. ML is a subfield of AI, defined as a set of methods that can automatically detect patterns in data to predict (future) or describe (present) [47]. Data mining (DM) uses ML techniques to find patterns and correlations within large datasets to predict outcomes. Using techniques ranging from statistics to machine learning or artificial intelligence [48], we can conduct a comprehensive analysis of the Youth Entrepreneurship study and even predict future trends.



ML algorithms are classified into three paradigms: supervised learning, unsupervised learning, and reinforcement learning [47]. Supervised learning is used when the desired outputs are known, and a training process is carried out to obtain those desired outputs. When information about expected outputs is unavailable, grouping techniques that do not require supervision are often applied [46].



Given the current situation, this research aims to identify profiles of young Colombian entrepreneurs using data from the “Youth Entrepreneurship” survey developed by the Secretariat of Youth. We use a clustering method based on the K-means machine learning algorithm.



Clustering divides a dataset into groups so that the entities in each cluster are comparatively more like those in that cluster than those in the other clusters [49]. The purpose of clustering is to organise a dataset into groups so that the entities in each group are alike but different from those in the other groups. K-means and hierarchical clustering techniques are the most widely used clustering algorithms in the literature [50].



Clustering generates several subsets of a dataset, each of which contains data with a certain degree of similarity [51]. For numerical data, this similarity is given by the distance between them in the data space; the most similar are those with the minimum distance between them. As a reference point, the centre of each data group is the point at which, implicitly, the data close to this centre are also close. In this sense, the K-means clustering method [52] was developed to identify data groups that can be analysed for deeper purposes, such as classification, extraction of relevant information, and discovery of new information. K-means clustering is generally effective when data are concentrated around a central point, forming a spherical (or hyperspherical)-shaped subset in the data space [53].



The application of machine learning algorithms in population characterisation studies is of great importance, since by analysing large amounts of population data, it is possible to find hidden patterns and trends; machine learning algorithms can also help to segment the population into different groups with specific characteristics and needs.




2.4. Context of Entrepreneurship Research in Colombia


Colombia has several laws and regulations that promote entrepreneurship and business creation. Some of the most important laws related to entrepreneurship in the country are (a) The Law on Entrepreneurship in Colombia (Law 2069), enacted in 2021, which was approved with the aim of promoting the creation, growth, and consolidation of businesses. This law establishes benefits and incentives for entrepreneurs, such as the simplification of procedures and the promotion of an entrepreneurial culture in the country. (b) The Law on Financing: Although not exclusively focused on entrepreneurship, this law introduced several measures to encourage investment and entrepreneurship in Colombia. These include tax benefits for investors and support for the creation of start-ups. (c) The Law on Formalisation and Job Creation: This law aims to encourage the formalisation of companies and the creation of jobs in the country. It provides benefits to companies that formalise, such as reduced administrative burdens and access to employment support programmes. (d) The Law on Science, Technology, and Innovation: Although not exclusively focused on entrepreneurship, this law promotes research, technological development, and innovation in the country. It establishes funding and support mechanisms for science- and technology-based entrepreneurship projects.



In Colombia, the promotion of the culture of entrepreneurship and the establishment of a regulatory framework to promote its growth and consolidation define the entrepreneur as “a person with the capacity to innovate, understood as the ability to produce goods and services in a creative, methodical, ethical, responsible and effective manner” and entrepreneurship as “a way of thinking, reasoning and acting focused on opportunities, raised with a global vision and carried out through balanced leadership and calculated risk management, whose result is the creation of value that benefits the company, the economy and society” [54,55].



Regarding the dynamics of entrepreneurial activity in Colombia, the Global Entrepreneurship Monitor—GEM—presented in May 2022, in its report for the country, presents a panorama of great contrasts, evaluated to verify the conditions of the entrepreneurial ecosystem, highlighting financing, infrastructure, public policies, and government programmes. The GEM mentions that the national index of entrepreneurial ecosystem conditions (NECI) has improved in the productive and entrepreneurial characteristics of new businesses, surpassing those of Chile and Mexico [3].



Colombians’ perceptions of entrepreneurship, measured by the variables of self-confidence, perception of risk, perception of opportunity, and evaluation of entrepreneurship as a life alternative, showed a cheerful disposition before the COVID-19 pandemic [56] and adopted a more demanding evaluation line afterwards. The country has achieved an economic reactivation of the productive system, demonstrating its capacity for resilience and renewal.



The studies carried out by Ramírez et al. [33] broaden and deepen the concept of the “entrepreneur” from a personal perspective. The information obtained from previous research is compiled, grouped, and graphically presented, and the psychological, sociological, and demographic dimensions are identified as perspectives for studying the entrepreneur, assigning to each of them the key factors of the individual and the environment, as well as the specific qualities and skills of the entrepreneur, thus creating an approximate profile of the entrepreneur. On the other hand, Quillas et al. [57] consider the relationship between the quality of life of individuals and their relationship with the society in which they live. Although quality of life is not limited to variables related to monetary wealth, the variables used, such as access to water and sanitation, information and communication, and advanced education, depend on the capacity of societies to generate wealth, making the role of entrepreneurs fundamental in the wealth creation process.




2.5. Review of the Literature


The results of a literature review in the field of entrepreneurship using a machine learning model show the results proposed by Lu et al. [58], who try to identify potential growth areas and improve the skills needed for entrepreneurship education among university students by integrating two powerful algorithms: random forest (RF) and logistic regression (LR). The main contributions of the work are the construction of a quality index for each topic of interest, using and ranking the indicators according to the quality index to assess strengths and weaknesses. In the same vein, Graham and Bonner [59] explore the determinants of entrepreneurship by applying decision tree algorithms to a large dataset from the Global Entrepreneurship Monitor. The results show considerable heterogeneity in the factors contributing to entrepreneurship, highlighting the need for academics and policy makers to consider the likelihood that there is no single set of motivating factors. Gosztonyi and Judit [60] examine the characteristics of entrepreneurs using the following algorithms: multivariate adaptive regression spline (MARS), support vector machine (SVM), random forest (RF), and AdaBoost.



On the other hand, Zhang et al. [61] propose an intelligent and reliable prediction model of entrepreneurial intentions to support and guide the positive entrepreneurial intentions of university students. The model mainly uses the improved crowd search algorithm (CSA) to optimise the kernel extreme learning machine (KELM) model with feature selection (FS), namely CSA-KELM-FS, to investigate entrepreneurial intention. The literature review, which corresponds to the search chain characteristics of entrepreneurship in the main databases Scopus/IEEE in an observation window of 10 years, is intended to expose the variables identified by the authors. Within the search are identified some of the variables used in the construction of the questionnaire of questions asked by the entity responsible; this information is used in the results section.





3. Materials and Methods


3.1. Participant Data


According to the National Administrative Department of Statistics (DANE), Colombia is administratively divided into 32 departments, which are divided into municipalities, departmental districts, or districts. There is an intermediate territorial division between department and municipality, called provinces or subregions [62]. The research was carried out in the city of Medellín, the capital of the department of Antioquia. Within Latin America, Medellín stands out for having been a pioneer in implementing initiatives favouring entrepreneurship and innovation. It has a business base that has been forged over several historical cycles, leading to the emergence of a set of clusters.



The data contain 632 records of young people between 14 and 28 years old. Of these, 251 are male, 378 are female, and three respond as other. Regarding age, 52.2% are between 14 and 18 years old, 35.0% are between 19 and 23 years old, and 12.8% are between 24 and 28 years old.



Concerning the level of education, 0.5% say they have completed primary school, 22.3% have a bachelor’s degree or a bachelor’s degree in progress, 17.7% have a technical degree or technical degree in progress, 17.1% are technologists or technologists in progress, 38.8% are undergraduates or undergraduates in progress, and 3.6% have a postgraduate or postgraduate degree in progress. Regarding the characteristics of the population group, 78.3% say they do not belong to any differential group, 13.4% report being victims of the conflict, 4.9% belong to the Afro-descendant community, 1.6% have a disability, 1.1% are migrants, and 0.6% are indigenous.



Colombia has a sui generis system of classification of residential properties that arises as an approximation to the economic capacity of its residents [63]. The socioeconomic strata into which dwellings and properties can be classified are 6: 1. low–low 2. low 3. medium–low 4. medium 5. medium–high 6. high. Of these, strata 1, 2, and 3 correspond to low strata whose house users have fewer resources and who are beneficiaries of subsidies for public utilities. Strata 5 and 6 correspond to high strata whose house users have more significant economic resources and who must pay surcharges (contributions) on the value of public utilities. Stratum 4 is not a beneficiary of subsidies, nor does it have to pay surcharges; it pays precisely the value that the company defines as the cost of providing the service [64]. Table 2 shows that 47.3% belong to strata 1 and 2, 45.7% belong to strata 3 and 4, and 7% belong to strata 5 and 6.




3.2. Variables


The results of the literature review indicate that there are several determinants that can influence entrepreneurship. For the development of this study, we used the variables considered in the data from an open data portal available online: http://medata.gov.co/dataset/emprendimiento-juvenil (accessed on 10 December 2022), results of the “Youth Entrepreneurship” survey, developed by the Colombian Youth Secretariat. This survey applies to young people in the city of Medellín and was carried out to determine the status of their enterprises to characterise the value chains in the youth economy based on the observation variables defined in Table 3.




3.3. Data Collection


The Google Colaboratory/Jupyter notebook tool was selected to run Python code to process the data obtained from the government portal, which is available online: http://medata.gov.co/dataset/emprendimiento-juvenil (accessed on 10 December 2022). Table 4 shows the data information using the pandas library to process the 632 rows and 19 columns that make up the dataset.



In the case of the age variable, the set of desired ranges was constructed as 3 ranks, (14–18), (19–23), and (24–28), to express the possible categories. In machine learning techniques with Python, it is usually used to create dummies for categorical variables to represent them as numbers 0 or 1. Then, we can determine binary categorical variables, defining only two states or two categories. In our case, three binary categorical variables were set.




3.4. Data Processing for Analysis


Clustering allows a dataset to be divided into groups so that elements of each cluster are comparatively more like the elements within it compared to those of any other cluster [49]. Clustering aims to organise a similar dataset significantly different from the other clusters. It is worth noting that K-means and hierarchical clustering techniques are the most used clustering algorithms in the literature [50].



The application of clustering requires the calculation of a K-value to classify objects or cases into relatively homogeneous groups [65]. As this information is often unavailable, researchers usually perform trial and error exercises [65]. However, the elbow method can determine the optimal K-value or clusters. Figure 1 shows the results of the elbow diagram, plotted using the sum of squares within the cluster for a range of K-values. The optimal number of groups (K-value) is determined by choosing the “elbow” value of K, i.e., the point at which the WCSS starts to decrease linearly [53]. Therefore, we assume the number of clusters is 5 for the dataset. Figure 1 shows the results of the K-means clustering algorithm.




3.5. To Validate the Clustering Model, the following Metrics Can Be Applied


Inertia: It calculates the sum of all points within a cluster from the centroid of that cluster; for all clusters, the final inertia value is the sum of all these distances. The distance within clusters is known as the intracluster distance. The following equation was used for the calculation of inertia:


    ∑  i = 1   N      (   x   i   −   C   k   )   2      



(1)







N = the total number of points in the cluster.



    x   i     = a specific point within the cluster.



    C   k     = the centroid of the cluster for the point     x   i .    



The formula calculates the squared Euclidean distance between each point     x   i     and the centroid     C   k       of the cluster to which it belongs. These distances are then squared for all points within the cluster.



Silhouette: The silhouette coefficient (see Equation (2)) indicates the quality of the clustering in the data and is calculated using the following equation:


  s   x   =   b   x   − a ( x )   m a x [ a   x   , b ( x ) ]      



(2)




where a(x), called cohesion, is the average distance from x to all other points in the same cluster, and b(x), called separation, is the average distance of x to all other points in the nearest cluster.



In the case of the analysed data, we find that all of them exceed the minimum values allowed within the silhouettes, as illustrated in Figure 2. In Figure 2, we show the values of the error plot for the clusters. This internal measure is mainly used to evaluate the cohesion of the clusters that the clustering algorithm generated, where k is the number of clusters, x is a point of the cluster Ci, and mi is the centroid of the cluster Ci (see Equation (3)).



Equation (3) is the mathematical formula for calculating the sum of squares within (SSE) error in a K-means clustering model. In the equation, i represents the number of clusters, k is the total number of clusters, x represents an observation or point in cluster Ci, and mi represents the centroid of cluster Ci. For all clusters, the SSE is calculated as the sum of the squared distances from each point x in cluster Ci to its centroid mi. The SSE is a measure of cluster cohesion, i.e., how close the points of a cluster are to each other. Generally, one seeks to minimise the SSE to obtain more compact and homogeneous clusters.


  S S E =   ∑  i = 1   k      ∑  x ∈   C   i        d i s t   2   (   m   i   , x )      



(3)







k = the total number of clusters.



  i =   the number of clusters under consideration.



  x   = an observation or point within the cluster     C   i   .  



    m   i     = the centroid of the cluster     C   i .    



  d i s t (   m   i   , x )   = the distance between the point x and the centroid     m   i     of cluster     C   i .    



The formula calculates the sum of the squared distances from each point   x   in the cluster     C   i     to its centroid     m   i    . These distances are then squared for all points within each cluster. The result SSE (sum squared error) is an accuracy measure where the errors are squared and then added, which quantifies the error of the dispersion within the clusters.



Figure 2 shows the results of applying the equation for each of the clusters as follows, ranging from cluster 1 to 5, respectively: [600.0000000000001, 222.36170496502302, 139.82049635974982, 114.30449485021941, and 90.92751382392049].



This is conducted through a trial-and-error exercise in which updating the centroids involves modifying the position of the centroid of each group by replacing it with the average of the positions of the objects belonging to that group. This process is repeated iteratively until the centroids either stop moving or their movement is less than a threshold distance at each iteration.





4. Results and Discussion


The number of clusters formed corresponds to 5. The clusters are composed of men and women of different ages, motives for entrepreneurship, and skills. The results obtained identify sociodemographic factors that affect entrepreneurship, such as the level of education attained by the parents, marital status, number of dependents, and socioeconomic stratum, as defined in Arias Vargas et al. [66]. Therefore, universities must stimulate entrepreneurial thinking by developing curricula and mechanisms that foster entrepreneurship [67]. The results of this clustering are shown in detail in Figure 3.



The results obtained from the application of the K-means algorithm are detailed in Table 5. It is constructed from the cluster assignment to each record in the dataset.



The results show that entrepreneurs are people who take action and engage in vigorous and persistent efforts to turn their ideas and visions into profitable operating enterprises, and they identify and explain the variables that characterise the level of entrepreneurial activity (entrepreneurs, businesses, and environment), which serves to set the tone for public policy proposals that increase the quality and quantity of entrepreneurial activity [3]. Under this approach, the K-means clustering method is used to identify the critical determinants of youth entrepreneurship in Medellín. The clustering results show that creativity and learning ability are the essential characteristics influencing entrepreneurial development, as highlighted in [68].



In our study, Table 6 shows the results of the silhouette coefficient values by clusters. The value of s(x) can vary between −1 and 1, where −1 is poor clustering, 0 is indifferent, and 1 is good.



The accepted clusters have an average value of the silhouette of 0.34, an acceptable value in the grouping of the data given that the value is between −1 to 1 and the closeness to 1 indicates a better grouping of data in a cluster and vice versa.



Creativity is identified in relation to the skills associated with cluster 1, which significantly influences different family scenarios by fostering entrepreneurial imagination [68]. High thinking enables intellectual development to develop new habits, recognise inconsistencies, develop intellectual empathy to understand others, and confront ideas; this skill is encouraged by business education [69]. This should then be fostered by the different pedagogical initiatives proposed in universities, which include collaborative work and managerial simulations that foster the competencies of entrepreneurs [70,71]. Regarding emotional intelligence, there is growing evidence of the importance of identifying and managing emotions to understand entrepreneurial behaviour; people with high emotional intelligence show more capacity and higher levels of self-efficacy and confidence to take on these challenges [72].



Cluster 2 highlights skills such as leadership as positively impacting entrepreneurship, and it can therefore be considered an essential factor in improving productivity and effectiveness [73]. It also identifies real world-based problem-solving skills that boost students’ creativity in entrepreneurship’s novelty, utility, aesthetics, and authenticity dimensions [74].



Cluster 3 identifies skills related to technological design, which undoubtedly associates research and entrepreneurship from a design science approach that brings considerable benefits to the field [75]. Since design thinking is a human-centred innovation process that emphasises observation, collaboration, rapid learning, visualisation of ideas, rapid prototyping of concepts, and simultaneous business analysis, it influences entrepreneurship strategy [76]



Cluster 4 highlights skills such as learning and financial management, while cluster 5 associates efficient time management skills, enabling improved productivity, successful time organisation, and achieving short- and long-term goals [77].



From these descriptive variables, it is identified that age is a determining factor in developing new entrepreneurs because young people play a new force in innovation and entrepreneurship [78]. Likewise, objective, and straightforward strategies that enable the implementation of entrepreneurship education and the development of unique skills, such as creativity, leadership, and learning, could contribute to a better-prepared and adapted society. For their part, government interventions can help young people overcome obstacles to productive entrepreneurship [79,80].



The clusters generated show correlations with profiles that can support the design of policies in Colombia; policies affecting entrepreneurship can have a significant impact on the entrepreneurial ecosystem and the creation and development of new businesses through business regulation and improved access to finance; education policies can promote training in entrepreneurial skills and foster entrepreneurship; and intellectual property protection policies can be important to promote innovation and the creation of knowledge-based businesses. The results of this research are intended to inform policy development with possible implications for (a) the design of support policies by providing valuable information on the characteristics, skills, and needs of entrepreneurs; (b) the promotion of innovation and creativity by showing that certain entrepreneurial profiles are associated with these characteristics; (c) the promotion of science, technology, engineering, and mathematics (STEM) education and entrepreneurial environments that encourage experimentation and collaboration. This could include promoting science, technology, engineering, and mathematics (STEM) education and fostering entrepreneurial environments that encourage experimentation and collaboration; (d) Inclusion and equity policies: Research on entrepreneurial profiles can shed light on existing disparities in entrepreneurship in terms of gender, race, educational attainment, or other factors and lead to policies aimed at promoting inclusion and equity in entrepreneurship, removing barriers, and providing equal opportunities for all demographic groups; (e) Resource allocation: Understanding the profiles of entrepreneurs can help policy makers to allocate available resources more effectively to support entrepreneurship. For example, if research shows that certain profiles are more likely to succeed, governments can target their investments towards these specific groups; and (f) Regulatory framework: The results of research on entrepreneurial profiles can influence the formulation of regulatory policies related to entrepreneurship [81].



The results obtained in the background review allow us to identify from different perspectives the existence of a gap between the entrepreneurial capacity of men and women [82,83]. The most significant barriers to female entrepreneurship identified by [84,85] in the literature include low levels of entrepreneurial human capital, limited networks, low legitimacy in entrepreneurship, limited ecosystems, and access to capital. This suggests the need for policies to support women’s entrepreneurship [86]. Traditionally and historically, the figure of the entrepreneur has been equated with that of men and, therefore, with their skills [87,88,89].




5. Conclusions


Applying the K-means clustering technique gives a deeper and more detailed understanding of the characteristics and needs of young entrepreneurs in Medellín. The detailed analysis of the determining characteristics of the dataset has allowed us to identify risk factors and establish variables, such as age, as determining factors in the development of new entrepreneurs. Furthermore, it has been observed that gender is indifferent as a determinant factor, indicating that the general discourse that women are not entrepreneurs is invalid. The main motives for entrepreneurship are income generation, livelihood, and the solution to problems identified by young entrepreneurs. More excellent value has been placed on creativity, high thinking, and emotional intelligence.



The importance of entrepreneurship education and government interventions to help young people overcome barriers to productive entrepreneurship has also been highlighted. The research also highlights the relevance of technological design and design thinking as innovation processes that can influence entrepreneurship strategies. It is essential to mention that entrepreneurship is an economic driver that can contribute to solving social and environmental problems. In this sense, promoting social and sustainable entrepreneurship is an urgent need today.



In summary, it is concluded that entrepreneurship is a challenging path. However, with the proper education, valuable skills, and supportive policies, achieving entrepreneurial success and contributing to developing a more just and sustainable society is possible.



In Colombia, policies affecting entrepreneurship can have a significant impact on the entrepreneurial ecosystem and the creation and development of new firms, through business regulation and improved access to finance. Education policies can promote training in entrepreneurial skills and foster entrepreneurship. Intellectual property protection policies can be important to promote innovation and the creation of knowledge-based firms.




6. Limitations of the Research and Future Lines of Research


The main limitations identified in this study are related to sample size; future lines of research on youth entrepreneurship in Colombia using machine learning models can address issues related to sample expansion, representativeness, comparisons, geographical diversity, and long-term impact assessment.
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Figure 1. Result of the K-means clustering algorithm (elbow diagram). The red line shows the shape of the elbow to define the number of clusters. 
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Figure 2. SSE error about. The red line shows the shape of the elbow to define the number of clusters. 
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Figure 3. Amount of data in each cluster. 






Figure 3. Amount of data in each cluster.



[image: Sustainability 15 10297 g003]







[image: Table] 





Table 1. Characteristics of the Entrepreneur.
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	Reference
	Characteristics





	[34]
	Risk-taking, tenacity, innovation, creativity, self-efficacy, industry knowledge, desire for money, optimism



	[35]
	Risk-taking, independence, leadership, knowledge of the industry, desire for money, hard work, integrity, teamwork



	[36]
	Independence, tenacity, self-efficacy, determination



	[37]
	Tenacity, innovation, self-efficacy, industry knowledge, ability to plan, passion, continuous learning, integrity, tolerance of frustration







Source: [33]
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Table 2. Social strata Colombia Percentage.






Table 2. Social strata Colombia Percentage.





	Social Strata Colombia
	Percentage





	1 and 2
	47.3%



	3 and 4
	45.7%



	5 and 6
	7%
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Table 3. Observation Variables and Constructs.
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	Observational Variables
	Constructs





	Age
	How old are you?



	Commune
	In which commune or corregimiento do you live?



	Stratum
	Stratum



	Gender
	What is your gender?



	Population Group
	Do you belong to any of the following population groups?



	Educational level
	What is the level of education you have achieved so far?



	Income
	I decided to become an entrepreneur because: (I needed to find an alternative way to generate income and support myself).



	Livelihood
	I decided to become an entrepreneur because: (I needed to find an alternative for income generation and livelihood for my family).



	Talent
	I decided to become an entrepreneur because: (I discovered a talent/skill in me that I could capitalise on through entrepreneurship).



	Problem
	I decided to become an entrepreneur because: (I identified a need/problem in my community to which I could provide an answer through my entrepreneurship).



	Passion
	I decided to become an entrepreneur because: (I am passionate about finding business opportunities and generating income from this activity).



	Research
	I decided to become an entrepreneur because: (My project was born as part of a process of research and academic training).



	Learning
	With 0 being the lowest performance and 7 being the highest performance level. (Active and strategic learning).



	Creativity
	With 0 being the lowest performance and 7 being the highest performance level. (Creativity, originality, and initiative).



	High Thinking
	With 0 being the lowest performance and 7 being the highest performance level. (Critical thinking).



	Problem Solving
	With 0 being the lowest performance and 7 being the highest performance level. (Problem Solving).



	Leadership
	With 0 being the lowest performance and 7 being the highest performance level. (Leadership)



	Time Management
	With 0 being the lowest performance and 7 being the highest performance level. (Time management and coordination).



	Emotional Intelligence
	With 0 being the lowest performance and 7 being the highest performance level. (Emotional intelligence).



	Technological Design
	With 0 being the lowest performance and 7 being the highest performance level. (Technological design and programming).



	Manual Skills
	With 0 being the lowest performance and 7 being the highest performance level. (Manual dexterity, endurance, and precision).



	Management in Finance
	With 0 being the lowest performance and 7 being the highest performance level. (Management of finances).



	Analytical Thinking
	With 0 being the lowest performance and 7 being the highest performance level. (Analytical thinking]



	Visual Skills
	With 0 being the lowest performance and 7 being the highest performance level. (Visual and discursive skills).



	Starting Year
	Year of starting activity



	First Entrepreneurship
	Is this your first time as an entrepreneur?










[image: Table] 





Table 4. General information of the dataset.






Table 4. General information of the dataset.





	#
	Column
	Non-Null Count
	Dtype





	0
	Age
	632
	Int64



	1
	Gender
	632
	object



	2
	Income
	632
	Int64



	3
	Livelihood
	632
	Int64



	4
	Talent
	632
	Int64



	5
	Problem
	632
	Int64



	6
	Passion
	632
	Int64



	7
	Investigative
	632
	Int64



	8
	Active_Learning
	632
	Int64



	9
	Creativity_Originality
	632
	Int64



	10
	High Thinking
	632
	Int64



	11
	Problem Solving
	632
	Int64



	12
	Leadership
	632
	Int64



	13
	Time Management
	632
	Int64



	14
	Emotional Intelligence
	632
	Int64



	15
	Technological Design
	632
	Int64



	16
	Manual Skills
	632
	Int64



	17
	Financial Management
	632
	Int64



	18
	Analytical Thinking
	632
	Int64



	19
	Visual Skills
	632
	Int64
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Table 5. Clustering results based on the K-means algorithm.






Table 5. Clustering results based on the K-means algorithm.





	Cluster
	Gender
	Age
	Motivation for Entrepreneurship
	Skills





	Cluster 1
	Men

Women
	(14–17)
	Livelihood

Passion
	Creativity

High Thinking

Emotional Intelligence

Manual Skills

Visual Skills



	Cluster 2
	Men

Women
	(17–20)
	Problematic

Talent

Livelihood

Income

Passion
	Visual Skills

Analytical Thinking

Financial Management

High Thinking

Leadership

Investigative

Problem Solving

Creativity

Visual Skills

Time Management

Learning





	Cluster 3
	Men

Women
	(20–23)
	Research

Issues

Passion
	Visual Skills

Analytical Thinking

Financial Management

High Thinking

Leadership

Investigative

Problem Solving

Leadership

Time Management

Learning

Technology Design

Learning



	Cluster 4
	Men

Women
	(23–26)
	Problematic

Support

Income
	Financial Management

High Thinking

Leadership

Investigative

Problem Solving

Creativity

Learning



	Cluster 5
	Men

Women
	(26–29)
	Problematic

Support

Income
	Financial Management

High Thinking

Leadership

Investigative

Problem Solving

Leadership

Time Management

Learning
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Table 6. Silhouette coefficient value by clusters.






Table 6. Silhouette coefficient value by clusters.





	Clusters
	Silhouette Coefficient Value





	Cluster 1
	0.45833333



	Cluster 2
	0.5



	Cluster 3
	0.05484746



	Cluster 4
	0.05779661



	Cluster 5
	0.66666667
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