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Abstract

The main purpose of this paper is to propose a new method for assessing the level of success achieved by
entrepreneurs. Although the concept of success is subjective and has many aspects, it needs to be
measured, for instance, in order to improve support systems for entrepreneurs. In a first step, the
approaches developed for assessing business performance are revised and transformed. On the basis of
the real case of the European region with the highest unemployment rates, the most relevant variables for
detecting success are studied and an algorithmic process is established in order to determine whether an
entrepreneur has achieved success or failure. The model provides a minimal set of variables to assess the
level of success in each particular case. At the same time, a simple set of questions is stablished, which
serves to classify most entrepreneurs by their level of success (more than 98% in the case presented).
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Resumen

El proposito principal de este articulo es proponer un nuevo método para evaluar el nivel de éxito
alcanzado por los emprendedores. Si bien el concepto de éxito es subjetivo y tiene muchos aspectos, debe
tratar de evaluarse para conseguir objetivos como el de mejorar los sistemas de apoyo al emprendimiento.
En un primer paso, se analizan y aprovechan los enfoques preexistentes habituales para la evaluacion del
desempefio de pequefias empresas. Sobre la base del caso real de la region con las tasas de desempleo mas
altas de Europa, se estudian las variables mas relevantes para detectar el éxito y se establece un proceso
algoritmico para determinar si un emprendedor ha logrado o no el éxito. EI modelo proporciona un
conjunto minimo de variables para evaluar el desempefio en cada caso particular. Al mismo tiempo se
establece un conjunto simple de preguntas, que sirve para clasificar a la mayoria de los empresarios por
su nivel de éxito (se clasifica a mas del 98% en el caso que se presenta).

Cddigo JEL: L26, M13, J24
Palabras clave: apoyo al emprendimiento; desempefio; inteligencia artificial; éxito; Andalucia

Introduction

Evaluation of good performance in entrepreneurs presents three major challenges: subjectivity,
multidimensionality, and the difficulties arising from data validation for different contexts (Gémez-
GoOmez et al., 2016).

It seems obvious that the definition of success is subjective. Hence, it is not possible to give a
universally accepted quantitative definition of this concept (Xie & Wu, 2022). Nevertheless, to analyze
the factors that enable or favor success, it is necessary to have a reasonable definition that allows its
evaluation using mathematical or statistical techniques, trying to understand success from objective
information resulting from each case (Li et al., 2022). Success in entrepreneurship is also somewhat
subjective, particularly before an entrepreneurial venture begins. Entrepreneurs dream of having a good
idea and designing a business model that will lead to an improved situation (Zhao et al., 2021). Achieving
that dream is closely related to the definition of ‘entrepreneurial business success’.

A quantitative approach implies several consequences. One of them is that different dimensions
must be considered (Wach et al., 2016), and even if they were integrated into a single synthetic indicator,
there would not be a single level of success. Thus, failure, understood as the non-survival of the
entrepreneur’s business idea when it is intended to continue with the activity, would be at the opposite
pole for successful entrepreneurs. Given the complexity of the concept to be assessed and the enormous
differences that can be detected between those who do not fail, it seems appropriate to consider at least a
third category. Consequently, the simplest classification would consist of (i) success, (ii) (unsuccessful)

survival, and (iii) failure.
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The environment in which an entrepreneurial project is developed also conditions the definition
of success (Benner, 2021). On the one hand, it is neither easy nor convenient to compare data from very
different socioeconomic contexts; on the other hand, the entrepreneurial culture can substantially alter the
assessment of what is a success and what is a failure.

A new methodology based on Artificial Intelligence techniques related to decision trees is
proposed to deal with the above difficulties. The technique is illustrated with a particularly relevant case
due to the high unemployment rates it has historically experienced: the Andalusia region in Spain.

Since entrepreneurial success is a concept that combines numerous meanings and
interpretations, the following section reviews the variables considered to have a direct bearing on it.
Subsequently, the novel procedure for obtaining a composite definition of success, based on decision trees
and three approaches, positioning, expectations, and evolution, is described. In this section, the questions
that would allow entrepreneurs to be classified according to their level of success are also explicitly
presented. The following section presents an example that serves to verify the validity of the designed
model; specifically, data from Andalusian entrepreneurs is used. This paper concludes with a presentation

of the results, a brief discussion, and the most relevant conclusions.

Review of the literature

Whether or not a public institution supports entrepreneurs, understanding the most determining factors for
survival, growth, and success is critical to decision making during the first years of the life of new
businesses (Gomez et al., 2018). Experts have analyzed the success or failure of entrepreneurs from
multiple points of view characterized by who is the beneficiary of this success: (i) the entrepreneur
(considering the personal and professional satisfaction it brings); (ii) the project itself (as a business and
looking at its net return); (iii) the employees (with benefits and professional repercussions); (iv) society
(thanks to economic development and the low impact on the resources of the activity). Understandably,
this benefit has been measured using very different indicators (Harms et al., 2007). However, most of the
research on this type of evaluation of business profit does not refer to the particular case of entrepreneurs.

GoOmez-Gomez et al. (2016) indicate that the main problem when assessing business excellence
is that multiple dimensions are involved. Furthermore, each dimension can refer to different variables,
with each variable being measured with different scales that are almost never comparable when the data
comes from different companies. Added to all this is subjectivity when determining what is understood as
excellence and what is not.

Of all the dimensions considered, perhaps the most objective is that of business survival

(Audretsch, 1991). The relation between success and survival must be carefully analyzed. Moreover, the
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correlation between failure and performance is never obvious: companies with low performance tend to
disappear, but depending on the type of company, sector, environment, or other causes, this can be
understood as part of the life cycle of the business, and it can be assumed that it is natural for the
entrepreneur to create another company eventually (Moriano et al., 2006). In other words, there is no
direct relation between success (or business performance) and survival of what has been created:
sometimes, it may be in the entrepreneur’s interest to close the company as soon as losses accumulate, to
transfer the business or, as appropriate, even to go bankrupt (Cefis & Marsili, 2011).

This aspect shows that it is not easy to determine exactly the relationship between what is being
analyzed and the variables included in the models. Finding relations that remain unchanged when the
context changes is even more difficult. For instance, start-up companies have, percentage-wise, a higher
disappearance rate compared to those already created, and this high rate is usually caused by a poor
assessment of the business plan in preliminary phases (Nikolic et al., 2019). It is a cultural issue whether
or not to re-attempt the entrepreneurial venture, regardless of the personal and financial consequences of
“failure’, whereby lack of survival can be a consequence of lack of success, but closure does not always
correspond to the same level of failure.

Many authors distinguish between companies that close due to insolvency and those that do so
through voluntary closure; and some suggest that this could also be reflected in the reports by an additional
nominal variable with only two categories (Headd, 2003). Nonetheless, using official data, it is virtually
impossible know if a company has closed due to failure or for other reasons. According to Headd (2003),
66% of the companies that closed were unsuccessful, but the rest closed despite being successful. In most
studies the same (or similar) determining factors for survival are found (Segura, 2020); however, the
inferred causes of company closures (such as being a novice or lacking start-up capital) can imply either
failure or success despite closing.

Finally, the difficulty remains in to define each variable correctly and make it easily measurable.
For example, regarding the dates for determining the entry and exit of companies from the market,
different alternatives have been considered in the literature, depending, above all, on whether the official
registry of companies contains registration and deregistration data. Sometimes, the registration or
deregistration of the entrepreneur is considered. Other times, the year prior to that of the workers and
when adequate data are available, the registration or deregistration of the entrepreneur or the workers is
usually considered (usually considering as registration the year prior to the first registration of a worker
in the company and as deregistration the year of that of the last employee). Other authors estimate dates
from a sample, from a panel of company data, or from official statistics (Strotmann, 2007). Unfortunately,

the analysis of the previous variables differs according to the various characteristics of the country.
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The following is a review of efforts to measure company success in an attempt to adapt the
definitions to the case of entrepreneurship. Generally speaking, different stages or levels can be
considered. In the present research, the most simplified classification is adopted, with only three levels:
(i) failure or non-survival, (ii) marginal survival, and (iii) success or high growth (Cooper et al., 1989).

There are different methodologies for approaching the problem in a general way, and there is
no agreement on which is the best way. For example, Morris et al. (2005) suggested groups of key issues
for assessing a company’s success: value creation, beneficiaries of value creation, competition,
positioning, and growth plans. Another methodology consists of selecting a sample of successful and
unsuccessful companies and separating them according to performance, growth, or survival.
Subsequently, variance and correlation analysis would be used to obtain relations between the variables
under study (Duchesneau & Gartner, 1990).

Summarizing, there are many possibilities in the literature for the conception of success; the
following includes three fundamental approaches: positioning, expectations and evolution. In turn, these
factors can be analyzed based on different characteristics (some objective and others subjective), which

will be measured by quantitative or qualitative variables.

Competitive position of the entrepreneur (positioning)

The first approach refers to the entrepreneur’s competitive position regarding other market players. One
of the key aspects of entrepreneurial success lies in their ability to adapt their projects according to the
activities and interests of the other agents involved in the same field (Brown et al., 2009).
Entrepreneurial competitiveness and competitive success have been defined by various authors
(Kester & Luerhrman, 1989; Viedma, 1992; Alvarez & Garcia, 1996; Camison, 1999). Most see it as the
ability to generate sustainable competitive advantages to produce goods and services that create value or
to act against rival companies competing for the same market niche. Other definitions of competitiveness
identify it as the ability to achieve a better competitive position, rivaling other companies, to obtain a
higher performance than competitors (Aragon & Rubio, 2005). According to many authors, companies or
entrepreneurs that carry out the same type of activity must be compared; however, according to Porter
(1991), each strategy involves different skills and requirements for success, which do not depend only on
the type of activity. In any case, the external framework constantly influences all phases of the life cycle
of business and, consequently, the conception of success, with the moral support network being the factor
most valued by entrepreneurs (Orti, 2003). Furthermore, the support network is also closely related to the
ultimate goal of the present line of research, which justifies the great interest in assessing the performance

of entrepreneurs: improving entrepreneurship support systems.
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The objective aspects of the entrepreneur’s success must be considered when trying to measure
competitiveness rigorously, i.e., the approach based on facts and not only on the entrepreneur’s opinion.
In addition to business survival (already discussed), competitiveness is usually measured based on
quantitative indicators, such as economic, financial, contextual and others (Amoroés, 2011; Amoro6s, 2013;
Espitia, 2017).

Among the economic indicators, the most commonly used for this purpose are economic
profitability (Peters & Waterman, 1982; Schmalensee, 1985; Covin & Slevin, 1990; McGahan, 1990;
Rumelt, 1991; Alvarez & Garcia, 1996; Zornoza, 1997; Pelham, 1997; Galan & Vecino, 1997; McGahan
& Porter, 1997; Gadenne, 1998; Mauri & Michaels, 1998; Camis6n, 1999; Pelham, 2000; Camison, 2001,
Donrrosoro et al., 2001; Van Praag & Versloot, 2008; Ireland et al., 2009), sales volume (Hamilton, 2000),
annual results (Hernandez et al., 2005; Vergid, J. & BendezU, 2007; De Jaime, 2010; Varona et al., 2014),
economic profitability, annual productivity (Alvarez & Garcia, 1996; Zornoza, 1997; Marbella, 1998;
Camisén, 2001; Almeida & Fernando, 2008), and investment/employment ratio (German, 2008).

Financial indicators include financial profitability and those that consider external financing
(Covin & Slevin, 1990; Alvarez & Garcia, 1996; Zornoza, 1997; Marbella, 1998; Camison, 2001; Morillo,
2001). The most common context indicators are economic profitability, financial profitability, asset
turnover, and debt (March, 1999).

Regarding other indicators, activity indicators (Peteraf, 1993; Zornoza, 1997; Camison, 2001;
Delmar & Davidsson, 2000), internationalization indicators (Dorrosoro et al., 2001), indicators of degree
of innovation (Marbella, 1998), wealth or value creation indices (Kay, 1993; Westhead & Cowling, 1995;
Almus, 2002) and Tobin’s Q (Wernerfelt & Montgomery, 1988; McGahan, 1999) are very useful.

Qualitative indicators that measure innovation capacity (Peters & Waterman, 1982; Shepherd et
al., 2000), socioeconomic contribution (Camisén, 2001; Paige & Littrel, 2002; Araujo de la Mata et al.,
2008), or the company’s competitive position (Alvarez & Garcia, 1996; Camison, 2001; Hult et al., 2005;
Aragén & Rubio, 2005) are also used.

Expectations of the entrepreneur

Commonly, the expectation is a possibility that something will happen with a reasonable probability.
According to this, to quantify the expectations of entrepreneurs, it would be convenient to consider the
previous results of the variables that define success in their entrepreneurial segment (Orozco-Triana &
Arraut-Camargo, 2017). Nonetheless, entrepreneurs’ expectations can vary significantly concerning their
investment intentions and expected profitability (March, 1999). The principles of social cognitive theory

consider both expectations and the perception of success itself. The importante of this fact is often
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indicated in the literature: sometimes as elements that foster the increase of internal learning systems and
other times as drivers for the achievement of success itself (Albornoz et al., 2021). The above principles
often help to define the future project initially; in particular, decisions to invest or not in a business can
be predicted based on its survival expectations and future performance, which is closely related to the way
entrepreneurs perceive risk and their aversion to it. Obviously, this perception of risk largely determines
the role of public support, although the strategy assumed by the entrepreneur as a forerunner in the market
or as a follower also plays a role (Shepherd, 1999).

If expectations are to be understood and assessed, it is necessary to consider variables that
capture in some way the motivations that can move entrepreneurs (Ynzunza & lzar, 2021). The most
relevant motivation is achievement, understood as the tendency to seek success in tasks involving
performance assessment. The second most decisive motivation is power: how one person exerts control
over the behavior of another. The third motivation is affiliation: the interest in establishing, maintaining,
or restoring a positive affective relation with one or several people (Montafiés, 2002).

The entrepreneurs’ expectations are particularly complex to assess because they are not
objective (Charles-Leija et al., 2021). They are usually measured on two types of indicators. The first is
contextual expectations indicators, which are calculated as average values at the start of their activity in
companies in their business segment: economic profitability, financial profitability, asset turnover,
indebtedness, a summary of contextual expectations, and business and employment prospects for the
following year (Padilla-Martinez et al., 2017). The second group measures the fulfillment of the
entrepreneur’s objectives (Ucbasaran et al., 2001; Garcia et al., 2010; Gonzélez & Ruiz, 2015; S&nchez et
al.,, 2016), as in the case of satisfaction or valuation indicators: of employees (Camison, 2001), of
customers (Covin & Slevin, 1990; Luk, 1996), of the company owner with results (Luk, 1996; Orti, 2003),
of the company owner with sales growth (Luk, 1996; Orti, 2003), and of the company owner with
employee growth (Zornoza, 1997; Camison, 2001; Orti, 2003).

Evolution of variables that affect the sector and the entrepreneur’s environment

As acomplement to the two previous approaches (positioning and expectations), it is suggested to consider
the trend and prospects of both the environment and the sector in which the entrepreneur is operating. To
this end, it is necessary to review the evolution of the corresponding variables. Some of them correspond
to economic indicators (economic and financial profitability, growth in turnover or employees) and others
with context indicators (segment concentration, business dynamism, or the average survival probability
of the companies in their segment). Consequently, the following indicators should be considered: of

increase in investment (Cuesta, 2004; Sanchez, 2005; Hayter, 2015), of increase in the number of
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employees (Cooper et al., 1989; Westhead & Cowling, 1995; Dorrosoro et al., 2001; Almus, 2002; Van
Praag & Versloot, 2008), of sales growth (Clifford & Cavanagh, 1985; Covin & Slevin, 1990;
Wijewardena & Cooray, 1995; Alvarez & Garcia, 1996; Zornoza, 1997; Pelham, 2000; Camisén, 2001;
Donrrosoro et al., 2001), of profit growth (Clifford & Cavanagh, 1985; Kalleberg & Leicht, 1991; Paige
& Littrel, 2002), of growth of certain balance sheet items (Peters & Waterman, 1982; Ronstadt, 1989), of
market share growth (Chang & Singh, 2000), of business segment evolution (what is measured is the
growth in economic profitability or in financial profitability through average values of growth since the
beginning of activity in companies of its business segment), of industry expectations (March, 1999;
Weller, 2006; Padilla & Garrido, 2007; Rizzato, 2012; Orozco-Triana & Arraut-Camargo, 2017), and the
evolution of economic indicators of the environment (probability of survival in environment, business
segment dynamism, business segment concentration, or synthetic indicator of environment, among others)
(Azocar et al., 2003; Covarrubias, 2003).

Procedures

Positioning, expectations and evolution are the crucial approaches in specifying the variables related to
entrepreneurial success that help split the set of entrepreneurs into three separate groups: success, survival
and failure.

So far, no indicator has proven sufficient to decide whether there has been success in a particular
case of entrepreneurialism. This does not mean that success cannot be defined quantitatively. What does
seem clear is that a multifactorial treatment is needed and the solution to this problem consists of resorting
to a somewhat more complex procedure than calculating an indicator, since it is also necessary to

incorporate a certain degree of subjectivity and non-numerical characteristics.

Database

A dataset for Andalusia —a region in southern Spain with the highest levels of unemployment and where
all politicians consider it vital to promote entrepreneurship, seeking to alleviate the difficult situation,
especially in the case of young people— is used to illustrate and test the model to be provided for the
evaluation of success. Specifically, information is available from 2 221 entrepreneurs who have received
advice or support from Andalucia-Emprende since 2010. Multiple variables are known for each of these
entrepreneurs, related to the process of creating the company, as well as the monitoring that has been
carried out (with the excuse of assessing them for the annual awards given to the best entrepreneurs in the

region). To incorporate aspects of positioning, expectations, and evolution, both of each entrepreneur and
8
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of the context in their sector, the variables related to the companies (from the Iberian Balance Sheet
System) are complemented with those of a geographic database (from the Andalusian Municipal
Information System). This aggregation is not strange to experts in business performance assessment: it is
recommended to use subjective performance variables and environmental variables to assess SMEs and
micro-SMEs (Covin & Slevin, 1991), which better capture the intangible factors that affect the first years
of activity.

In a first step of the analysis of the large database, inconsistent information was eliminated and
the set of variables (described in the next subsection) was determined. Later, useful thresholds were set to
ensure success (as well as survival and failure). Subsequently, all the variables are integrated into a
sequence of questions (listed in the Annex), which will be ordered by applying the decision tree technique.

Characteristics or factors

Since success is affected by numerous variables (tangible and intangible, qualitative and quantitative) that
are intricately interrelated, a multidimensional definition is sought based on the three approaches defined
above: positioning, expectations, and evolution. These approaches are used to obtain the variables that
will make it possible to classify entrepreneurial projects into three groups: success, survival, and failure.
These three groups are the possible values for the ‘output’ or ‘dependent’ variable.

As seen in the review of the literature, in order to measure success in small businesses, the most
used indicators are survival and economic profitability; for this reason, they are incorporated as
fundamental explanatory variables in the definition. It has also been convenient to consider other
indicators (not so common), such as those that evaluate the sector and the region in which the company
operates. With the information available, synthetic indicators are constructed to find out if the economic
results presented by the entrepreneur are favorable or unfavorable compared to the average of the
companies in their business segment. A list of the variables used and their corresponding definitions can

be found in the Annex.

Decision trees

Decision trees appear, with different objectives, in Artificial Intelligence, Game Theory, and other fields
of Economics. They help to categorize conditions that occur successively; therefore, they are especially
useful for classifying elements of a set for which there is a variety of information (from different
variables), although there may be missing data (sometimes they can even work when there is not the same

type of information for all cases).
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In this study, a categorical objective classification model is followed to construct the decision
tree with three possible alternatives (success, survival, and failure) and a fourth one constituted by the
unclassified elements. Typically, the prediction is based on the most frequent category for each node to
which a record is assigned; that is, if the majority of entrepreneurs surveyed in a particular node of the
tree is, for example, ‘yes’, then the prediction of the records assigned to that node would have a majority
probability oriented to that answer.

The first algorithm chosen to determine the decision tree is Quest. The order of each question
was obtained by studying the dependence and independence of the variables to obtain efficient estimates.
Accordingly, the choice and logical order of variables for tree classification has been optimized, favoring
the entries that allow fewer divisions (the input fields with the fewest number of categories or alternatives).
To this end, the significance checks have been performed, assessing the input fields of a node and
performing a single check for selection purposes, as opposed to what is obtained with algorithms such as
C&RT or Chaid.

A procedure based on the C4.5 algorithm (Quinlan, 1993) —which is, in turn, an improvement
of the ID3 algorithm— is also used to obtain the minimum set of questions with which it would be possible
to classify the largest number of cases, based on the known variables. At each step of this algorithm, it is
chosen the question that minimizes the diversity of the subsets resulting from the hypothetical division;
then, such question is used to separate the entrepreneurs who succeed from those who survive or fail. The
ID3 algorithm finds minima of the total number of nodes, but it usually guarantees only a local minimum,
S0 successive heuristic attempts to achieve a global minimum are desirable. These heuristic estimations
can be performed by hand when the answers to the questions are discrete and not continuous (as in this
case, despite the presence of qualitative and quantitative data). Here, the risk of producing ‘overtraining’
is very small because in the end, almost all the entrepreneurs, or practically all possible combinations of
values for the input variables are classified.

A quadratic discriminant analysis is performed on each split to determine the optimal split
according to the target categories and to improve the speed of the exhaustive searches. The statistical
checks performed are oriented to obtain exclusively in the final tree endings the four categories described
above (the three desired categories and the one to be minimized).

For this research, the usual graphical representation of decision trees is not useful due to the
large number of nodes it would present. Consequently, it was decided to resort to an alternative
representation, specially developed by the authors for this type of tree. Figure 1 shows the questions on
the vertical axis, represented by the nodes and starting at the top. The three categories into which
entrepreneurs will be classified are at the bottom of the diagram. Up to three different arcs can come out

of each node (always downward, to a subsequent question, or to the final classification), of which the
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arrow pointing to the left will be the one corresponding to the affirmative answer, the arrow pointing to
the right will be the negative answer and, if there are three, the arrow between the other two indicates lack
of information to answer the question. The final nodes of each itinerary are linked to the category in which
it should be classified. Exceptionally, there may be routes that do not culminate in any category. These
itineraries, which correspond to rare cases, are not classified. In fact, it is possible to find some itineraries
(i.e., some combinations of variable values) that are impossible in practice. To simplify the graph, the
probabilities of response to each question are not presented in Figure 1 because they are not relevant to

the present research.

Results

The proposed model aims to decide which are the ideal questions to classify entrepreneurs according to
their level of success. In the example of applying the method to the sample composed of 2221 Andalusian
entrepreneurs, the result is 29 questions (see Annex) —although the last one is not used to discriminate—
and 60 cases (or possible scenarios). These questions are compatible both with previous research and with
the variables also listed in the Annex. Similarly, the classification proposed in each case coincides with
the perception of support services and experts. In this case, the maximum number of questions to classify
an entrepreneur is 12.

Table 1 shows the first classification of the decision tree after analyzing the decision trees
obtained throughout the process. This indicates the cumulative percentage error in the segmentation as the
sum of the p-values of the independence tests between the different variables. It can also be seen how the
initial questions refer to survival (before one year, in one year, or in more than one year), followed by the
question of fulfillment of the goals set and those of results and profitability. This is consistent: these are
the main basic indicators defined in the consulted literature and offer a first segmentation of the cases,
obtaining the first results of entrepreneurs who have failed (given that they do not continue their activity
or have obtained negative or unsatisfactory results in the first years) and, together with the following
viability questions, allow classification into the proposed categories.

Once the first set of questions is completed, the next block that best performs the segmentation
is that of productivity and performance indicators in terms of investment per employee, asset turnover,
indebtedness, and number of employees. With this, what is mainly assessed (if the entrepreneur has not
already been classified as a success or failure) is whether it is a case of business survival or presents
positive indicators that verify its situation and performance (when compared to the average of companies

in the environment and its sector).
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Table 1
Indicators for defining the order of questions in the decision tree
Question segmentation
error %
Positioning
1. Business survival P1, P2, and P3 0.00005
2. Sales volume P5 0.00325
3. Results P6 and P7 0.00127
4. Economic profitability P9 0.00505
5. Financial profitability P11 0.00595
6. Productivity per year P14 0.00730
7. Investment/Employment P26 0.01271
8. Third-party financing P8 0.00460
9. Competitive position of the company P18 0.00910
Expectations
1. Expectation indicators in context P19 0.00955
1.1. Economic profitability P10 0.00550
1.2. Financial profitability P12 0.00640
1.3. Asset turnover P25 0.01226
1.4. Debt P24 0.01181
1.5. Summary of context expectations P13 0.00685
2. Business and employment prospects for the next year P27 0.00865
3. Fulfillment of the objectives set P4 0.00280
4. Satisfaction indicators P15 0.00775
Evolution
1. Increase in investment P23 0.01136
2. Increase in the number of employees P16 0.00820
3. Business segment evolution indicators
3.1. Growth in economic profitability P17 and P29 0.01316
3.2.  Growth in financial profitability P21 0.01046
4. Evolution of growth in revenues and employees P20 0.01000
5. Indicator of sector expectations p22 0.01091
6. Evolution of economic indicators of the environment P28 0.01361

Source: created by the authors

Finally, the next block of variables (arranged in the form of questions) is applied to
entrepreneurs who at the time of the assessment could not be classified by their results, by their
performance, or after comparison with potential competition. These questions are related to expectations:
the evolution of the sector and the expected prospects, as well as the economic context concerning their
business. This environment analysis is essential to know whether, with the entrepreneur’s results,
performance, and economic and financial structure, they have the necessary resources and strengths to

face their future performance.
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Success Survival

Figure 1. Decision tree to classify Andalusian entrepreneurs
Source: created by the authors

Figure 1 shows the decision tree from applying the methodology to the case study. It is a schema
of classifiable cases, since the cases in which the result is not known are not shown. For example, in the
sample analyzed, the 291 question is not useful for classifying any project, although it is decided to keep
it in the graph because it might be needed if the process were replicated with a different sample.
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The arrows pointing down and left indicate that the question is fulfilled, while those pointing
down and right mean the opposite; sometimes, there is a third arrow (between the other two) denoting no
data. The color of the final arrows and the area of the graph to which they point indicate the final
classification of the case that corresponds to that pathway.

In total, the decision tree technique classified 130 cases of success (5.85% of the total), 1002 of
survival (45.11%), 1058 of failure (47.64%) and 31 could not be classified due to lack of information
(1.40%). It should be noted that there is a small percentage of successful entrepreneurs in Andalusia in
the period analyzed. The three most frequent combinations in the database are: (i) P1 yes; P2 no; failure:
301 entrepreneurs, 14.12% of the database. (ii) P1 yes; P2 yes; P4 dn/na; P5 yes; P6 yes; P9 no; P10 yes;
P12 yes; P13 yes; P14 no; survival: 236 entrepreneurs, 11.07% of the database. (iii) P1 yes; P2 yes; P4
dn/na; P5 yes; P6 yes; P9 yes; P11 no; survival: 220 entrepreneurs, 10.32% of the database.

Discussion

Entrepreneurship has always existed, although it seems to have gained special relevance in recent times,
perhaps due to the economic crises of the 21% century. Society invites entrepreneurship, especially for
those without a place in the labor market (Ynzunza & lzar, 2021). There are multiple ways in which
entrepreneurship can be influenced. On the one hand, the creation of new companies can be encouraged;
thus, for example: (i) Sandoval and Bado (2022) use a structural equation model to test the usefulness of
entrepreneurship training to foster entrepreneurial attitudes; (ii) Benner (2021) proves that the
phenomenon of entrepreneurship depends on the geographical environment in which it takes place, and
Ledn (2022) tests the importance of the macroeconomic context in entrepreneurship (in the rate of
company creation); (iii) many other authors analyze which variables have this same motivating effect.
On the other hand (which is the ultimate justification for this research), the success of
entrepreneurs can be promoted by improving support services and advice for entrepreneurs. Nevertheless,
this objective requires prior knowledge of the variables that influence not only the formation of new
companies, but also the success of these entrepreneurial projects. Thus, for example: (i) Benner (2021)
explains that the geographic environment also influences the probability of success of entrepreneurs and
not only their emergence; (ii) Rios Martinez et al. (2022) study how technological experience and access
to financing affect entrepreneurial performance (specifically, in micro-entrepreneurs in Celaya, Mexico);
(iii) Rita et al. (2022) explore the influence of access to finance on SMEs in Indonesia and verify (among
other things) through a structural equation model that entrepreneurship-oriented finance conditions the
influence between business prospects, entrepreneurial orientation, and government support policies; (iv)

there are even studies that explain success in specific groups and through unusual variables, as when Xie
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and Wu (2022) test the positive influence of women entrepreneurs focusing their project on sustainable
development. This paper on Andalusian entrepreneurs also proves the existence of a complex relation
between the multiple and diverse variables that favor entrepreneurial success, that the region in which the
study is carried out is very relevant, and that some cases behave significantly differently from other similar
cases.

The case of Andalusia is strongly conditioned by the high unemployment rates that the region
has historically suffered. This is a favorable environment for the emergence of multiple entrepreneurial
projects, but also a situation in which the entrepreneurial vocation is much less important than the need to
prosper, which can hinder the successful development of projects. Compared to other regions with similar
unemployment rates, it can be stated that there is little success in Andalusia and it does not seem that
entrepreneurship is sufficiently improving employment. Sandoval and Bado (2022) analyze the case of
Costa Rica, where, partially due to entrepreneurship, the unemployment rate went from 24.4% in 2020 to
13.3% in 2022 (in Andalusia, according to official government data, this rate was still 18.7% in 2022).

Returning to improving support services, it is necessary to assess entrepreneurial performance
to know which measures help or favor and which harm or hinder. According to the literature review, the
estimation of entrepreneurial success is usually based on accounting information available in the registry.
This is because companies are often reluctant to provide data (Covin & Slevin, 1990; Pelham, 1997), and
in many cases such data are not entirely reliable. The data came from an official and public source in the
case study. Nevertheless, a possible answer to each question is ‘data not available’ (or ‘doesn’t know/no
answer’: ‘dn/na’); this is evidence that the method classifies correctly despite the considerable amount of
missing data. If the diagnosis and entrepreneurship policies carried out for the unemployed or students
(Oliver et al., 2016; Diez & Guevara, 2020) are considered, where the culture of entrepreneurship is
encouraged from early stages, a contrasted and detailed definition of entrepreneurial success, as has been
done in this research, would facilitate proper orientation and mentoring of entrepreneurs.

The general objective of institutions that support entrepreneurialism should be to minimize
failure, if possible, while maximizing success. Such institutions must acknowledge that the definition of
success depends on the idea that each entrepreneur has and is able to compare the level achieved with that
which corresponds to the target. Consequently, recognizing success is critical to providing personalized
and accurate advice and support to each entrepreneur. As such, personal competencies are the key in the
perception of opportunities and therefore in the demand for support by entrepreneurs (Bargsted, 2017).

From a different point of view, it is also necessary to know whether or not users of these services
have achieved the success they were aiming for to assess the support services provided to entrepreneurs.
Morris et al. (2005), for example, implicitly identify the success of entrepreneurs with the amount of

money they can generate. Nevertheless, the point here is not only to measure the economic performance
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of an entrepreneur, since it has already been implied that it is more subjective and cannot be measured
only through financial variables. The point is how successful the business is, but that is not all.

In summary, it can be confirmed that it does not make sense to measure the performance of
entrepreneurs through a single indicator (Wach et al., 2016). In fact, the variables that influence the
performance of entrepreneurs are closely related to each other (Arango, 2022; Rita et al., 2022), which
makes the use of a single synthetic indicator impractical. For instance, the age of entrepreneurs influences
entrepreneurial success (Zhao et al., 2021), but the relation is not direct; rather, changes in this variable
condition the effect of other aspects on the output variable.

The situation is even more complex than expected due to the interrelation of factors and the fact
that not all explanatory variables are objective. For example, Li et al. (2021) consider variables that
measure the well-being of the entrepreneur’s family to be relevant. In this paper, supported by the
literature consulted, it has been considered essential to introduce several questions that consider the
opinion of entrepreneurs about their own performance.

As the decision tree of this study is designed and refined, the first questions that appear refer to
the survival of the projects, the fulfillment of the objectives set, and the results and profitability. This is
not surprising because these are the variables that are mostly used by other authors. Productivity and
performance indicators and their comparison with other companies in the environment appear next in the
segmentation. Finally, the variables related to expectations are used.

The order of the previous paragraph gives an idea of the relative importance of the variables
used for ranking in terms of their usefulness for that purpose. If inference is accepted, it must be
recognized that project survival is the primary measure for assessing project success. However, as is
obvious from the fact that different categories have been considered for ‘success’ and ‘survival’, it is not
enough to know whether companies survive. Consequently, Arango (2022) applies a structural equation
model to prove that business consolidation (understood as survival, but without specifying how many
years) is explained by several characteristics of the entrepreneur, the business project and the environment.
Previously, Chaves-Maza et al. (2018) analyzed a database of Andalusian entrepreneurs (although not as
extensive as that of the present research) to deduce through decision trees that support services for
entrepreneurs have a great influence on the survival of the projects: access to a pre-incubation process,
receiving public incentives, and the number of support services were relevant, as were the type of legal
form of the company or the geographical location of the business.

Decision trees have been used on several occasions in the study of entrepreneurship. For
example, Sanchez-Garcia et al. (2022) also use a decision tree to analyze the motivations to become an
entrepreneur in Spain. In their case, they use the ‘answer tree’ technique to analyze the survey responses

and find other conditioning factors, such as vocation, unemployment, the need for an income or the desire
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for independence, and previous studies, among others. Arango (2022) also uses graphs not for predictive
purposes but to analyze the relations between the causes of entrepreneurial consolidation.

The most interesting potential of decision trees is their ability to help in predictions. This
predictive value, both of entrepreneurs’ success and of their projects’ survival, has been scarcely exploited
to date. Chaves and Fedriani (2020) prove that support services for entrepreneurs can use computer tools
(based on Artificial Intelligence) to guide entrepreneurs much more efficiently than before. To do this,
they develop a way to predict the survival or success of entrepreneurs based on information known before
starting the entrepreneurial project. Specifically, they use two artificial neural networks: a self-organizing
map to classify entrepreneurs into more homogeneous groups and a multilayer perceptron to predict their
probability of survival or success. The variables used are similar to those considered in this paper.
Incorporating decision trees in this methodology would facilitate the estimation work and probably

improve the results.

Conclusions

The evaluation of business performance has been a topic of interest in recent decades. This paper has tried
to adapt the most common indicators to the specific case of entrepreneurship, which is much less studied.
It provides a basic tool in Artificial Intelligence (the decision tree) that can be used to analyze the success
factors and even to estimate the probability of success, making it a very useful tool to complement other
analyses. Based on the formulae for calculating this probability, it would be reasonable to propose in the
future a more precise definition of the success of each entrepreneur, which would ease the assessment of
the measures that favor entrepreneurs. In turn, this will help with a final objective of undoubted economic
and business interest: improving support systems for entrepreneurs.

A definition of entrepreneurial success has been proposed with three categories (success,
survival, and failure). This definition was designed by using a decision tree (expert system) and taking
advantage of all the variables previously presented, which, in turn, come from the literature consulted and
from the recommendations of the experts (the list of variables can be found in the Annex, ordered
according to their belonging to one of the three blocks studied: positioning, environment, and evolution).
All this has made it possible to establish a more precise measure of success than those introduced by other
authors, especially for the typology of the entrepreneurs who are the subject of this research.

The classification appears to be consistent and high quality. In the analyzed case, more than
98% of the entrepreneurs (all classifiable) are correctly classified (with the combination of questions
used), according to the information available (from <Andalucia-Emprende’). Moreover, it is similar to the

classification provided by experts on the same database, and the most influential variables are those that
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explain survival and the achievement of the objectives set, coinciding with the majority of authors who
study this subject.

The classification of entrepreneurs is based on those factors that, when ranked, represent the
best way to reveal success, survival, or failure. Thanks to this, it could help any organization supporting
entrepreneurship that wishes to mark the schemas organized according to priorities that the objectives,
strategies, plans, and actions of the entrepreneurs should follow, as well as to establish a set of indicators
that can optimally measure the evolution of the projects, in order to control and monitor them.

It is considered that a method adaptable to other similar situations and with the potential to
classify individuals according to multidimensional and subjective characteristics has been provided.
Nonetheless, an alternative way to graphically represent decision trees with a large number of nodes has
also been proposed, which could be useful to simplify representations in other lines of research. The
method has also been generalized to classify other hypothetical cases (with combinations of values not
present in the sample). What has not yet been tested is if the methodology allows for simple adaptations
that can be used to evaluate other types of companies. This uncertainty and the suspicion that the analysis
of another region with very different socioeconomic characteristics would produce very different
classification systems constitute the main limitation.

Lastly, the applicability of the decision tree technique for predictive purposes is proposed, either
by taking advantage of its a priori classification capacity or by accompanying other methodologies based
on Atrtificial Intelligence, such as artificial neural networks.
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Annex

Variables related to positioning

1. Business survival: the action and effect of a company’s survival after a certain time from its
creation and depending on whether or not it is registered, considering the necessary legal and
administrative procedures; in the case of entrepreneurs, this variable has an inverse and very
strong correlation with failure.

2. Sales volume: volume of the company’s exchange of goods and services (measured in euros).

3. Results: represents the balance remaining in the company when total operating expenses are
deducted from total revenues from its own operating activities (after deducting interest and
taxes).

4. Relative economic profitability: ratio between net income and total assets, compared to the
average of companies in the same business segment with the same National Code of Economic
Activities ‘CNAE’ (Spanish: Codigo Nacional de Actividades Economicas).

5. Relative financial profitability: ratio between net income (that is, profit or loss after interest and
taxes) and shareholders’ equity, compared to the average of companies in the sector with the

same CNAE.
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6. Productivity: operating income divided by the number of employees.

7. Investment/employment: volume invested per employee.

8. Third-party financing: percentage of external financing with respect to the company’s total
capital.

9. Competitive position of the company: this is a multidimensional or vectorial indicator that
compares the company’s indicators with the averages of the companies in their business
segment of the same CNAE in: economic profitability, financial profitability, asset turnover,
and debt.

Variables related to expectations

1. Context expectations: ratio between the entrepreneur’s values and those of the context on
economic profitability, such as financial profitability, asset turnover, debt, and summary. They
are calculated from the average values at the start of their activity in companies of their business
segment.

2. Business and employment prospects for the following year: (subjective) opinion of
entrepreneurs on the prospects of their business and on their ability to hire more employees for
the following year.

3. Fulfillment of the objectives set: (subjective) assessment of the entrepreneur on the fulfillment
of the objectives set at the beginning of the business activity.

4. Satisfaction indicators: satisfaction of the different agents related to the company (employees,
customers, owner of the company; of the latter, with respect to results, sales growth, and

employee growth).

Variables related to evolution

1. Increase in investment: indicates whether the activity has required new investments in addition
to the initial one (it is a binary or dichotomous variable).

2. Increase in the number of employees: indicates whether the company has more employees than
at the beginning of its activity.

3. Evolution of the business segment: growth of the main economic and financial profitability

indicators of the companies in the business segment with the same CNAE as the entrepreneur.
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It is calculated from the average growth values since the start of activity in companies of the
same business segment.

4. Evolution of growth in sales and employees: increase in sales and employee variables from the
beginning of the activity to the present; in fact, it is a vector variable with two components, the
first taking three values (‘has increased’, ‘has remained the same’ or ‘has decreased’) and the
second four (adding ‘had no workers hired”).

5. Sector expectations: qualitative synthesis of the values of indicator 9 that refer to positioning;
if all the indicators are favorable, its value is ‘positive’; otherwise, it is ‘negative’.

6. Evolution and expectations of the business segment: qualitative indicator that synthesizes
indicators 1 for positioning and 3 for evolution; if the indicators are all favorable, its value is
‘positive’; otherwise, it is ‘negative’.

7. Economic indicators of the environment: probability of survival, dynamism of the business
segment, and concentration of the business segment of the companies in the municipality where
the entrepreneur carries out his/her activity.

Questions derived from previous variables that were efficient for classification

P1:
pP2:
P3:
PA4:
P5:
P6:
P7:
P8:
P9:

Has your company survived more than a year?

Has your company survived for more than two years?

Has your company survived during the first year?

Have you fulfilled the purpose for which you created your company?
Does your company have a positive balance sheet?

Does your company have positive results?

Does your company have zero operating results?

Does your company have more than 75% third-party financing?

Is your company’s economic profitability higher than the economic profitability of the average of

companies in your business segment according to your CNAE code?

P10: Is your company’s economic profitability higher than 10%?

P11: Is your company’s financial profitability higher than that of the average of companies in your

business segment according to your CNAE code?

P12: Is your company’s financial profitability higher than 10%?

P13: Do you have positive expectations for the future of your project?

P14: Do you have a productivity higher than the minimum interprofessional wage?

P15: Does your company have positive satisfaction indicators?
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P16: Have you increased the number of employees since the beginning of your company?

P17: Does your company show a positive evolution?

P18: Are the indicators of the local environment in which your company operates positive?

P19: Are there positive expectations about the business context in which your company operates?

P20: Has your business segment grown since you started your company?

P21: Has your company evolved positively since its beginnings and does it currently present positive
expectations?

P22: Has your environment had positive growth and expectations since the beginning of your activity?
P23: Have you significantly increased your investment since your company’s beginning?

P24: Does your company have a higher relative debt than the average of companies in your business
segment?

P25: Does your company have a higher turnover than the average of companies in the same business
segment?

P26: Is your company’s investment per employee higher than the (annual) minimum interprofessional
wage?

P27: Do you have positive prospects for your company and the possibility of increasing the number of
employees in the next year?

P28: Does your company have a monthly revenue per employee that is higher than the monthly minimum
interprofessional wage?

P29: Are the evolution indicators positive?
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