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Abstract

This research proposes a Bayesian Network (BN) methodology to analyze variables in risk for family firms
and measure how exposed they are to Operational Risk (OR). The purpose is to identify variables that
cause OR through the use of a BN in an environment of low or no-information to be able to measure.
Results show elements that would increase OR if they are not identified or managed correctly, such as:
type of ownership, family values, organizational structure and succession plans.
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Resumen

Se propone una metodologia para analizar el riesgo operacional (RO) en empresas familiares. El objetivo
es identificar elementos de Familiness que pueden causar riesgo operativo mediante una Red Bayesiana,
bajo ambientes de poca o nula informacidn. Los resultados muestran que hay elementos de Familiness
gue incrementan el RO si no son identificados o correctamente administrados, por ejemplo: tipo de
propiedad, valores familiares, estructura organizacional, sucesién, entre otros.
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1. Introduction

A company is an organization competing in a market with the aim to satisfy its customers and create value for
the society and the economy. Its success is measured according to the benefits generated for its stockholders.
Businesses can be classified according their industry, origin of the capital, size, legal status, or ownership and
management of the stockholders. The latter is the type of classification that refers to Family Businesses (FB),
when the companies are owned or managed by family members of the same family. There are companies owned
by investment funds or private stockholders or managed by professional executives, however, those are an
exception. The majority of businesses started as family businesses; in these types of firms, there are also public
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organizations in which their founders or members of the main family keep control of the company with the goal
to succeed the firm to next generations.

One characteristic of family versus non-family firms is the relationship among family members in which they
share common values, believes, and family norms (Leach, 2009). Family Firms are present in all economic levels;
they are of different sizes, and different level of professionalization, but common element is the great influence
a family has over the company. Unlike non-family firms, FB are the majority in almost every country, therefore
they have an important responsibility on the economic development of the countries. In Mexico, FB compose
more than five million companies and employ over 27 million people (INEGI, 2011). From this universe, micro,
small, and medium firms, represent 99% of the total number of companies, with 5.4 employees on average, and
provide 50% of the GDP. In the US, the estimation of FB is of 95%. In general, a Family Business starts because of
the desire of its founder to create wealth for his/her family and the future generations. Many family firms begin
without a structure or professional procedures, therefore its mortality rate is high; few organizations survive to
the second generation, and a minority to the third one. They face, as any other business organization, economic
and social problems, but in addition, they deal with a highly complex management due to the family involvement.
The management team might find difficult to reach its objectives and goals because of conflict of interests from
family members working in the organization.

Within the block of family businesses, we find public and private family firms, with the latter as the most common
form of organization playing a large role in the world’s economies (Colli, 2003). Although private family firms
dominate the economic landscape of the planet, more than 80 per cent of the management literature has been
focused on publicly traded firms partly due to easier access to reliable data on variables of interest. (Sharma &
Carney, 2012). However, family businesses are the ones that require more help and to expand to expand the
knowledge and understanding about them; many studies proved that when private, family firms have lower
financial results than non-family ones (Martinez, Stohr, & Quiroga, 2007; Sharma, Chrisman, & Gersick, 2012;
Stewart & Hitt, 2012). This reality is different when comparing public businesses; many studies have shown that
family firms outperform non-family firms (Allouche, Amann, Jaussaud, & Kurashina, 2008; Anderson & Reeb,
2003; Carney, Van Essen, Gedajlovic, & Heugens, 2013; Corbetta, 1995; Gueye & Simon, 2010; Le Breton-Miller
& Miller, 2006; Martin-Reyna & Duran-Encalada, 2012; Martinez, Stéhr, & Quiroga, 2007). The challenge is to
identify the main elements from public family firms that help to outperform public non-family firms and to define
if those elements could be applied to private family firms. One of those elements might be the lack of
institutionalized process and a formal management.

Due to the fact that family businesses have an additional variable versus non-family firms such as family
relationships which might lead to informal management or to accept family desires over the organization
interests, it is important to recognize that the risk of these types of companies for disappearing in a short period
of time increases. Therefore, Operative Risk (OR) in FB is constantly present. For this reason, it is important to
identify, manage, and quantify the OR through internal control systems. Also, it is relevant to recognize the
difficulty that represents to access to the information of family firms when private because family business
owners and managers are not required to share company’s info; there is also a lack of reliable databases.

Currently, there is not any law that compels a non-financial organization to analyze, evaluate, and quantify the
OR. This research proposes a Bayesian Networks (BN) methodology to analyze the variables in risk for family
firms and measure how exposed they are to the operative risk. This study is relevant because it is the first
proposal of a methodology to measure the operative risk in private family firms. The purpose is to define the
variables that cause the operative risk in an environment of low or no- information to measure, through the use
of a Bayesian network. Some general questions are: Which elements of the regular operation cause OR? How is
the interaction among these elements? Which is the best way to avoid the impact on OR? To solve these
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guestions there are some elements that would increase the OR if not identified or managed correctly such as:
type of ownership, family values, organizational structure, succession plans, among others. It can be expected
that a deficient organizational structure and the lack of succession plans might lead to increase the OR.

1.1. Theoretical framework

Family firms have been studied in the last decades because their economic importance in the world, in developed
and developing countries. First researches on FB showed up in 1975 with the appearance of the book “A Guide
for the Business Owner and His Family” written by Leén Danco; other projects (Moore, 1951; Cochran, 1959;
Davis, 1968) pretended to define the family business concept, their success and failure factors, and the economic
role these firms play in the economy of a country. Many authors agreed that the family firm is the most common
and the oldest type of commercial organization in the world. They play a major role in the growth and
development of the economy of a country and jobs creation. Family Businesses are from different sizes: from
small to multinational corporations. That is also the case for the FB in Europe and the US where the presence of
family firms, job creation, and wealth generation are very important (Ward, 2007).

Robbins and Coulter (2000) point that an organization is a structured group of people with the objective to
achieve a specific goal and with some characteristics: 1) a distinctive purpose, 2) formed by people, and 3) a
specific structure that allows its members to develop their job. In the case of a family firm, it is the family the
one that establishes the main structure. Gersick et al. (1997) defined a family firm as a three-dimensional
organization in which family, business and ownership intersect. Ramirez and Fonseca (2010) consider a family
business as an organization in which a family owns all the shares, family members occupies management
positions, and more than one generation of the family participate at the same time. Soto Maciel (2013) states a
family firm as an organization in which the majority of the voting rights are in the hands of the controlling family,
including the founder, with the aim to pass succeed the business to the next generation, with the commitment
of keeping the assets of the family firm to maintain family unity through the property. Baneguil, Barroso, and
Tato (2011) define it as a highly complex social organization, where “business” and “family” live together as
independent subsystems, which might face some conflicts. Despite the lack of consensus for a general definition
for a family firm, the majority of the researches associate a family firm with ownership and management in
possession of the controlling family.

Family Businesses enclose some characteristics that make them unique: 1) ownership is in one controlling family;
2) the power executed by the family over the business, normally includes top executive positions in the
management board, and 3) the desire the keep the firm in family hands (Gallo, 1995). In addition, Tagiuri and
Davis (1996) express that a family firm exists if there are three interconnected subsystems: ownership, family,
and business. Based on the definition of Gersick et al. (1997) it was created the three-circle model which
describes the family firm system formed by independent, but related subsystems: business, ownership, and
family. Each subsystem maintains limits that differentiate with the other two and from the environment of the
family firm. The model includes a complex and dynamic social system in which the subsystems integrate among
themselves through reciprocal adjustments. This dynamic allows a different reality and perspective between the
family members and the business. The absence of clear limits among family, ownership, and business might
create unsteadiness of the subsystems; therefore, balance, limits, and equilibrium are important to have among
the three dimensions (Aira, 2016). The present research is based on the three-circle model.

Family involvement in ownership and management has some advantages: decision making process might be
more effective due the similarity of interests among family members regarding ownership and management of
the firm related to the family which might lead to increase the value of the firm (Castrillo & San Martin, 2007).
Family firms that privilege family rights (for example, employment as a right for family members from birth),
might create a situation where knowledge, experience, and skills were irrelevant for the hiring and succession
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process. If a family firm privileges the business (for example performance and profits) might create a situation in
which family members would decrease their interest on the firm. If a family firm privileges ownership, the
organization would focus its attention over the investment and risk of decision making (Poza, 2005).

Family firms require of people that manage the organization. As any other institution where people collaborate,
technology systems intervene, and processes are present, the operative risk is present; family firms are not the
exception. The operative risk is the oldest type of risks and in recent years the interest to understand this
phenomenon has growth, mainly from financial firms, because there have been a bigger number of events
related to the operative risk (Davila, Ortiz & Cruz, 2016).

The likelihood of human errors while operating systems that could lead to a shutdown of the operations in the
firm has always existed. However, it was not until until recently that these types of risks were classified as a
specific risk and financial institutions have recognized the lack of understanding and tools to measure them. From
then, there is a special focus to define, manage, value, and quantify the operative risk considering the complex
process because of the multiple factors that are involved in the operative risk (Davila et al. 2016). The operative
risk is defined as the potential loses because of errors in the internal control systems, operations processes,
transfer of information, administrative or legal resolutions, frauds, and thefts (CUB, 2005).

2. Bayesian Network Methodology

Bayesian Networks are the result of statistic modeling, engineering and artificial intelligence convergence
(Cowell, Verrall & Yoon, 2007). The BN analyze a problem through a set of variables and the dependency
relationships between them. Actually, they are a mathematical structure that is used to represent a process and
its dependencies (cause and effect), assigning weights and probabilities of occurrence. They are an acyclic
directed graph; the nodes represent the variables of interest and the edges are the causal or influence links
between the variables (Madsen & Kjaerulff 2008). Each node is associated with a probability table, as well as a
statistical distribution or a parameterized function. In the case of a node probability table, the relationship is
governed by a set of conditional probability values that model the uncertain relationship between the node and
its parent nodes together with any uncertainty present in that relationship.

Bayesian models serve both to solve problems from a descriptive as well as a predictive perspective. As a
descriptive method, they focus on discovering dependency / independence relationships, so they sometimes
complement or even exceed the association rules. Regarding the predictive function, it is circumscribed to
Bayesian techniques as classification methods. According to Mitchell (1997), Bayesian methods are one of the
techniques that have been used the most in the problems of artificial intelligence, machine learning and data
mining. This is a very valid and practical method to make inferences with the data available, which implies
inducing probabilistic models that, once calculated, can be used with other data mining techniques (Beltran,
Mufioz & Mufioz, 2014). This makes BN a potential tool to include the subjective opinion of experts and data
observed in cause and effect models. By combining expert qualitative data with statistical data it is possible to
reflect an underlying causal structure of the subject of analysis.

Its main advantage is that they allow reasoning under uncertainty and combine the advantages of intuitive visual
representation with a mathematical basis of Bayesian probability; with them it is possible to articulate
dependencies between different variables and systematically propagate the impact of the evidence on the
probabilities of uncertain results (Neil, Fenton & Tailor, 2005). The key to a successful design of a Bayesian
Network is the significant decomposition of the domain of the problem into a set of causal or conditional
propositions. The partial specifications of the model that are significant in the domain of the expert are divided
and taken (Chonawee, Kenyon, & Heusler, 2006). Subsequently, the probability table of the node is modeled for
each variable (node), which can be done using historical data and in the absence of these, requesting an expert
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to provide a series of subjective estimates, which will ideally be based on knowledge and the experience (Cowell,
Dawid, Lauritzen & Spiegelhalter, 1999). Applying the BN methodology to the evaluation of the OR in Family
Business (FB) implies identifying the risk factors to which the private FB are exposed and the dependency
relations between them.

The RB are based on the Bayes Theorem that can be interpreted as the "posteriori" probability P(B|A) being
p(A|B)

P(A)

equal to the a priori probability P( B) multiplied by the reason ; that is, the previous information about B

can be used to check the probability of B, from:

P(A|B)P(B)

P(B|A) = P(A)

1)
By applying the Bayes Theorem to distributions on the parameters of a model, for example, where observations
x are taken from the sample of a population with a probability distribution defined for the parameter 0 it can be
obtained:
P(x|6)P(0)
P(Ox) =—F————. 2

(0l) == 2)
Under this scenario, P( ) is the information "a priori" of the population and is subjective. In this case it is an
unconditional probability that represents the uncertainty about the parameter 6. The function P(§|0) is
commonly called the likelihood of the data set x, denoted also as L(§|G) and it is interpreted as the probability
of observing a set of certain data x given that certain characteristics of the population 6 are true. By combining
the subjective information with the empirical observations (the information "a priori" and the likelihoods), the
posterior probability is obtained, that is, the probability that the parameter 6 will take certain values given that
the observations x have been made, which is denoted as P(0|£). If P(£|9)P(0) is added, the marginal
probability of x is obtained.

P(x) = P(2/0)P(®). 3)

The unconditional probability of the data P(g), serves as a scale constant. The rule can be re expressed as
follows:

P(x,0) = P(x|6)P(0) = L(6|x)P( x). 4)

In other words, the joint distribution of the observed data and the parameters is equal to the density of the
observations given the parameters by the density of the parameters. This is equivalent to the a posteriori
distribution of the parameters, given the observed data, by the marginal density of the data. Consequently
L(9|£) is the a posteriori distribution function. In this way, the posterior distribution can be expressed as:

P(6]x) « L(x|0)P(6). (5)

Intuitively, the Bayesian idea says that conjectures about the population are a combination of the prior
knowledge of the population and the observations made about that same population. It is not only the "a priori"
information that has influence; The degree of confidence in the expert's information also has an effect. The
Bayesian analysis simply formalizes this concept: later densities take into account to a greater or lesser degree
the information of the beliefs depending on the trust that is placed on it.
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In a graphical Bayesian Network, nodes represent the variables of interest and edges are the causal or influence
links between variables, in each node there is an associated probability table, a statistical distribution or a
parameterized function of the variables, see Cardozo (2011). In the case of a probability table, the relationship
is governed by a set of conditional probability values that model the uncertain relationship between the node
and its parent nodes together with any uncertainty present in that relationship. The mathematical definition of
a BN is given by the following elements: a) a set of random variables connected by a set of arcs (graphic model);
b) Each variable has a finite set of mutually exclusive states associated with it; c) the variables together with the
directed arcs form an Acyclic Directed Graph. In Figure 1, case a): x4 and x5 are called nodes and represent the
variables x1 y x2. The directed edge of x1 and x, implies a causality relationship between x4 and x,. Indicates
that a change in what is known from x4 causes a change in what is known from x5,. This change is usually the
result of new information that arrives on x4. This new information is called evidence. This causality between the
variables gives names to the nodes, so the node x4 is called "father" and the node x5 “child”. The causal
relationship that exists between x4 and x5 means that the joint distribution can be expressed as the product of
the probability of x; and the probability of x, conditioned by x4, that is: P( x1)P(x3|x1) that is the basic
probability relation in a graphic form.

Figure 1
Various graphic models directed

O Q066
o o (2

a) b) 3 a

In Figure 1, case b): for each variable x4 with “parents” x4,X>, ...X,, there is an associated probability defined
by P(x4]x1,X3, ...X,,). If x4 does not have “parents” the probability x4 will be independent. In Figure 1, case c):
Be X = {x4, X3, ... X, } a random variable with a joint distribution function defined by P(X) = P(xq, X3, ... X;,),
with the characteristic that P(X) grows exponentially with the number of variables, and be p(x;) the set of
values taken by the "parent" nodes of the variable x;; then, the total joint distribution is given by:

Source: own elaboration

PX) = PGy, 32, 2) = | [(dpx). ©®
And the total joint probability is given by:
P(X) = P(x1, X2, X3, X4, X5) = P(x1)P(x2|x1)P (x3|x2) P (x4|%2) P(x5|%3, x4)P(x6|x5). (7)
The factorization of the joint distribution in a conditional distribution for the node x5 given its "parents", is

verified in the following expression:
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P(x5|x4, Xx3,%2%X1) = P(x5|x3, x4). ®)

Consequently, Bayesian Networks provide a compact representation of P(X), factoring the joint distribution into
a local conditional distribution for each variable given their "parents". As a recall, the key to a successful design
of a BN is the significant decomposition of a domain of the problem into a set of causal or conditional statements
about the domain. Instead of carrying out the laborious and difficult task of calculating the joint probability
distribution of all the variables of interest, the "divide and conquer" principle is applied and the partial
specifications of the model that are significant in the domain are taken of the expert. Subsequently, the
probability table of the node is modeled for each variable, which can be done using historical data or only asking
an expert to provide a series of subjective estimates, which will ideally be based on knowledge and experience.
Based on the above, for the present research, the BN is designed for private family businesses.

2.1. Construction of the Bayesian Network

To define the risk variables, sessions were held with experts in family businesses, a sample composed of 197
respondents with the following distribution: 4% were presidents, 2% owners, 38 per cent CEQ’s, 20% directors,
15% managers and 19% others. The results with respect to the selection of the variables are shown in Table 1.
The definition of the variables is justified below. The FB in question are formed in different ways according to
the property: a) they can be owned by a family, even a single owner that operates at the same time, b) the
foundation and the property combine more than one generation and the transition from one generation to
another may occur, or, c) may have been founded by a family and incorporate non-family employees in the
management. One of the most important and critical processes of FB is family succession, understood as a
process that ends with the transmission of decision power and ownership to the next generation if its purpose
is to guarantee the continuity of the organization. This requires maintaining the address of the company and the
property in the family. Several studies indicate that few companies survive the transition between generations
(Manzano & Ayala, 2002).

In general, only between 25% and 30% last from the first to the second generation, between 9% and 15% manage
to continue to the third generation, and 6% or less manage to pass from the third to the fourth generation
(Neubauer & Lank, 1998). While the founder maintains control of the family business there is a high degree of
control over the business (Kuratko, Foss & Vanalst, 1994), making the family the main axis by instituting each of
its members and emphasizing the mission and vision of the company; base and promote its principles so that
family members can see the organization as an opportunity for growth while preserving the roots and values of
the family unit. Values are norms of behavior and attitudes that govern the behavior of each person about what
is good or bad. Personal values are those that the individuals associate in their belief system that governs their
life and relationships with other people, while family values are transmitted from parents to children through
communication and experiences; therefore, the importance of considering them as the foundation of
organizations and families (Esquivel & Aguilar, 2002).
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Table 1
Definition of variables and nodes

Variable - Definition - Dimension
Propert Property Distribution Family
perty perty Family and external
. Transition from one generation to another. Planned
Succession . - .
Continuity throughout different generations None planned
Family Values Aligned to the values of the company LE;S
Organizational . Exist
Culture built by th
Culture uftdre buflt by the company Not Exist
. . . . . Internal
Financing Obtaining capital for new investments External
Board of Directors Definition of strategy and long-term plans Exist
&Y & P Not Exist
Organizational Management positions and identified and defines EXIStE .
Structure responsibilities ot Exist
. . . High
Professionalization Planning and controlling the growth of family and Medium
non-family employees Low

Source: own elaboration

If the family does not recognize the barriers and limits, effective communication will be difficult and it will
generate informality, favoring the demarcation of responsibilities with respect to operational failures. There will
be no responsible for the good or bad and it would be difficult to find the causes that originated the event,
making it impossible to learn from mistakes and improve. To professionalize the management of the FB is to
leave aside the intuitive methods of family management and adopt the planning and control of the growth of
family and non-family employees, applying strategic methods. It implies the hiring of professional managers,
belonging or not to the family, who contribute their experience and training in the specific area that they wish
to promote (Barroso, 2014).

There are companies that usually grant special privileges for employees, members of the family, generating a
culture of injustice towards non-family employees. The low valuation of non-family employees precludes the
development of a professional management, and the staff is discouraged by not being able to reach better
positions within the organization. It is common for employees to feel ignored and threatened by decisions of
family members. It may be more difficult to retain qualified professionals if there is no clear and competitive
career development plan with respect to family employees. Once the eight variables of the Bayesian network
were described, in order to carry out the structure of the model it was necessary to define the domain of the
network, which consisted in designing a model that would allow private FB to evaluate their exposure to
operational risk. Therefore, the next step was to identify the important variables or nodes, which represents a
substantial part of the network design; this implied the total knowledge of the process to be able to decompose
it in all its phases and to select the nodes to establish the relations between them.

With the selected variables, the graphic model of the causal relationships was designed, obtaining a network
with one parent node and seven child nodes to measure the variable of interest: Operational Risk. The resulting
relationships are plotted in Figure 2. After the creation of the Bayesian Network, the next step is to validate the
model with the commission of experts in administration of FB. In the next section we will describe the
interrelation between the nodes, as well as the assigned a priori probabilities and with this the model is
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propagated to obtain the posterior probabilities and, therefore, establish an operational risk assessment to
which they are exposed.

Several of the problems in the family business derive from the conflicts that arise between the values of the
family and those of the company. “The spirit of the family will determine, to a large extent, the dominant
attitudes, norms and values in the company”; “the values expressed by the family members will become a
common objective for the employees and will help them to identify and commit themselves” (Kets de Vires,
1993). The values of the company reflect the principles of the family and are transmitted from generation to
generation through example and education. Therefore, the values of the founder are the starting point to form
the values of the company and are critical for the unity and well-being of the company, the family, its workers
and society. The values and beliefs will allow the family business to form an organizational culture, to endure
and position itself over time, and to legitimize the company and its ethics as part of the corporate identity
(Fernandez, Junquera & Ordiz, 2003).

The culture is a complex and multidisciplinary set of everything that constitutes the common life of the people,
making itself present in the social customs and the patterns of behavior of the individuals, giving origin to a
cultural relation. Organizational culture is defined as an organizational system of shared functions and values
assigned to behavioral models. They are transmitted to the members of an organization based on the beliefs that
influence within it and are focused on the administration to generate competitiveness. The organizational culture
molds and builds the orientation of companies to the market: customer orientation, orientation to competition
and orientation to profitability and vision (Narver & Slater, 1990); The above could represent a competitive
advantage of the FB.

Another critical element in FB is the capital to finance growth. For the most part, FB are characterized by having
a stable capital structure and new investments are usually made with family investments, which allows a strong
financial stability and a financial leverage below the rest of the organizations, being therefore less vulnerable to
fluctuations in economic cycles. Giménez (2002) states that this practice tends to lead to two types of capital
raising: 1) self-financing, where investments are not made until domestic financing has been obtained and 2)
resistance to access the capital market through the fear of including investors outside the family. However, these
practices may cause project financing, causing economic loss to the organization or slow growth.

The Board of Directors in a company must define the set of principles, structures and processes that will help the
owner family to materialize their long-term vision in actions linked to the family group. Communicate the values,
mission and long-term vision of the family to all its members; keep informed about the main achievements,
challenges and strategic directions of the company to the family members that work in it; communicate the rules
and decisions that could affect employment, dividends and other benefits that the family usually obtains from
the company; Establish formal communication channels to share ideas and problems, and allow the family to
come together to make decisions.

In general terms, it will create trust between the family members, increasing the continuity of the family business
throughout different generations and regulating the conflicts of interest of the different agents that participate
in the company: managers, shareholders, employees and creditors. A good Board of Directors contributes to
sustainable economic development by improving the performance of companies and increasing their access to
external capital (IFC, 2011). A very low percentage of managers of FB recognizes that there is a clear
organizational structure in the organization and that management positions and responsibilities are identified
and defined (Masulis, Kien & Zein, 2011).
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2.2. Quantification of the Bayesian Network

Processes are developed and managed by people, they are the ones who cause OR events by doing something
they should not have done or not done. It is this intervention of people in the processes of operation one of the
reasons that makes the quantification of risk so complicated. Another reason for the quantification to be
complicated is the lack of statistically reliable information; there are few data that are registered for private FB.
The Bayesian Networks are a viable alternative for the analysis of risks in conditions of insufficient information
since they allow the incorporation of initial information through an a priori probability distribution, through
which subjective information can be included in decision making, such as: expert opinion, the judgment of
analysts or the beliefs of specialists.

To quantify the Bayesian Network, a set of experts in family businesses was used and the a priori probabilities
were defined for each node; Each node in the network has a conditional probability table that determines the
level of interrelation of the nodes. These probabilities were built on the information provided and validated by
the group of family business experts. The information obtained by the experts is incorporated into the model in
the initialization phase and the algorithm is propagated to obtain the new marginal distributions a-posteriori.
Performing the process manually is extremely laborious, so the GeNle software was used to feed the nodes and
start the calculation process.

Figure 2
Graphic model of causal relationships

Professionalization

Organizational_
Structure

Property

p{ Board_of_Directors

Operational_Risk

Organizational_
Culture

Family_Values

Source: own elaboration with GeNle software

With the above, the Bayesian network is ready to model the OR and know the current state of the company,
using the a priori distributions for each node, propagate the information and obtain the probabilities a-posteriori.
Figure 3 shows the posterior probabilities after propagation. Once the Bayesian network is built, it can be
executed using an appropriate propagation algorithm. When the Bayesian network is executed, the effect of the
data entered into one or more nodes is propagated throughout the network, in any direction and the marginal
distribution of the nodes is updated. This makes the model ideal for a scenario analysis. Under this scenario, 97%
of the FB have family members exclusively as owners and only three per cent are companies with the
participation of partners outside the family nucleus. With a probability of 74%, family values are aligned with the
values of the company and with a probability of 26%, this is not the case. With 52% probability, functions and
values focused on administration are based on the behavior transmitted by family members to the general staff
(organizational culture) and with 48% probability they are not.

The definition of the strategy and the long-term plans carried out by the Board of Directors exist in the FB with
a probability of 20% and with a probability of 80% there is no Board of Directors and, therefore, it is possible that
the strategy is not clearly defined. With a probability of 16%, the managerial positions and responsibilities of
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each employee are defined and with a probability of 84% the organizational structure is not clear. With a
probability of 63%, the FB will resort to internal financing and with a probability of 37% to financing from external
sources.

In terms of succession, understood as the planning for the transition from one generation to another that gives
continuity to the company in the long term, with a probability of 17% there is an established plan and with a
probability of 83% there is no clarity in the transmission power. With a probability of 25% the employees,
members of the family and not members of the family, have a high degree of professionalization, with a
probability of 28%, their level of professionalization is medium and with a probability of 47%, it is low or null.
Under these conditions, the probability of an unfavorable event in the family business originated by the people
who work in it or by the processes that affect the operation of the company to the point of bankruptcy is 64%
probability; with probability of 17% the occurrence of the risk is medium and with a probability of 19% it is low.
Hence, a possible explanation for the fact that the majority of the FDs have such a high mortality rate and few
that survive from generation to generation. These results were considered as a baseline scenario to perform the
scenario analysis presented in the next section.

Figure 3
Graphic model of a posteriori probabilities
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3. Scenario analysis

One of the great advantages of the BN is the ability to perform calculations of new scenarios. For this research it
was important to measure the impacts of the main variables with greater susceptibility to be changed in the
short term in terms of business decisions seeking to reduce the OR to which they are exposed. It is important to
highlight that modifications in the analysis variable imply an exogenous shock, so it has no direct relationship
with the immediate superior node, and that is the reason why in the graphic model the arc that unites them
disappears. Therefore, this condition will occur each time a variable is modeled by a controlled value. In the
analysis of scenarios, one of the states of the variables is presented with a probability of 100% and the impact
that this has on the analysis variable OR is evaluated. The objective is to know the variables in which the FB must
focus its resources and efforts so that the high OR reaches the lowest level and the OR under the highest level.
Ceteris paribus all the variables except Succession, the results show that if the power transition between
generations is planned, a 5% decrease in the high probability of the OR is observed and an increase of the same
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percentage points in the probability of low OR (Figure 4); On the other hand, if there are no succession plans, the
variations in the OR states have practically no variation (Figure 5).

Figure 4

Graphic model of planned succession
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In the case of staff professionalization, if it is high with a probability of 100%, the probability of a high OR
decreases by eight percentage points and the low OR increases by seven percentage points (Figure 6); at the
opposite extreme, low professionalization increases the high OR by 5% and decreases the low OR at the same
points (Figure 7). The analysis with average professionalization does not have significant changes in the analysis
variable. When analyzing the Board of Directors, when this variable is analyzed with 100% probability of the
existence of a board in the organization, the probability of the high OR decreases 20% and the probability of the
low OR increases 19% (Figure 8). Conversely, by guaranteeing 100% probability that there is not a board in the
family business, the probability of the high OR increases by 5% and in the same amount the low OR decreases

(Figure 9).

Figure 5

Graphic model of unplanned succession
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In the case of staff professionalization, if it is high with a probability of 100%, the probability of a high OR
decreases by eight percentage points and the low OR increases by seven percentage points (Figure 6); at the
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opposite extreme, low professionalization increases the high OR by 5% and decreases the low OR at the same

points (Figure 7).

Figure 6

High professionalization graphic model
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Figure 7

Low professionalization graphic model
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The analysis with average professionalization does not have significant changes in the analysis variable. When
analyzing the Board of Directors, when this variable is analyzed with 100% probability of the existence of a board
in the organization, the probability of the high OR decreases 20% and the probability of the low OR increases
19% (Figure 8). Conversely, by guaranteeing 100% probability that there is not a board in the family business, the
probability of the high OR increases by 5% and in the same amount the low OR decreases (Figure 9).
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Figure 8

Graphic model of existing board of Directors
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Figure 9

Graphic model without the existence of a Board of Directors
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Modifications to the variable named Organizational Structure imply large impacts on the analysis variable, OR.
Guaranteeing the existence of an organizational structure implies having clearly defined the functions,

responsibilities and roles of each of the employees, family and non-family, in the family business and represents
a decrease of 55% in the high OR and an increase of 53% in the low OR (Figure 10). At the opposite side; the total
absence of an organizational structure in the FB increases by 11% the high OR and decreases the low OR by 9%
(Figure 11). This is the most significant variable of the analysis and in which more attention must be paid. The
analysis of scenarios with the other variables of the Bayesian network was carried out but the impacts on the

variable of interest, Operational Risk, were not significant, so their results are not shown.
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Figure 10
Graphic model of existing
Organizational Structure
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Figure 11
Graphic model without the existence
of Organizational Structure
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To consider that a company is standardized and on the way to institutionalization, it must mainly integrate and
formalize three topics: 1) processes, 2) information systems, and 3) people trained according to the complexity
of its operation. The three concepts are equally relevant and complementary in the pursuit of growth,
permanence, and conservation of the company. These three concepts are also linked to the Operative Risk of
the company that, according to Davila, Ortiz and Cruz (2016), in recent years more entities, mainly financial, have
placed special emphasis on quantifying it due to the great diversity of factors that they originate it as due to the
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lack of information on said factors. This need is especially visible in a private family business environment where
obtaining information regarding processes, systems and people is difficult.

According to the results of this research, we were able to identify that the variable with the greatest impact on
the operational risk of private FB is the Organizational Structure. When the functions, responsibilities, and roles
of each and every one of the company's employees are clarified, the probability that a company has a high risk
is only 9%. This scenario is the one that would give more certainty about the future of the company. This variable
provides the basis to institutionalize the organization and to prevent the Family Business from being managed
informally. According to what Aira (2016) expressed, when there is an absence of clear limits and a balance
between the entities that participate in the company, the stability and borders of the system are put at risk. Also,
professionalization and the existence of a Board of Directors are phenomena that also affect the operational risk.
These two elements may be those that tend to have less presence in the configuration of the FB. However, as
the studies expressed as Martinez et al. (2007), Sharma et al. (2102) and Stewart and Hitt (2012), they are the
private FBs on which we must focus investigations to understand the reasons why their financial performance is
lower than in non-family companies.

Analyzing these two variables from the stage of complete absence can be misleading. If a family business, which
does not have professionalization schemes or does not have a Board of Directors, compares its operational risk
against the baseline scenario, it could be wrong to consider that these variables are elements of little relevance.
In the base scenario, a company has a high operational risk probability of 64 per cent. According to the results of
this study the probability of a high operational risk would only grow by five per cent, if there are none
professionalization schemes or none board, therefore, a family entrepreneur could conclude that more than
helping, the fact of starting to professionalize the company or create a board, would hinder the dynamism and
control it has over the family business. However, the vision should be different and better observe the benefits
that would bring to the family business to strengthen these two variables in the operational risk category. Having
professionalization schemes would help the probability of high operational risk decrease by eight percentage
points and, more importantly, having a Board of Directors that defines the strategy and long-term plans, would
help reduce the likelihood of risk operating high by 20 percentage points. The attractiveness of a private family
business with lower levels of operational risk increases considerably, as well as access to new financing
alternatives, to more qualified suppliers and to talented executives attracted by better constituted companies.

When private FB focus their efforts on improving their organizational structure, their professionalization
schemes and the formalization of their Board of Directors, a more successful environment is generated by
integrating the complex and dynamic social system of the family business. As expressed in the study by Gersick
et al. (1997), successful FB facilitate the optimization of subsystems by creating policies in which family and non-
family employees, together with the shareholders, feel responsible for the economic resources of the company
and the family. It should be noted that the objective of professionalizing the family business and providing it with
a board does not mean that it loses its family status or that family members take a back seat. According to
Castrillo and San Martin (2007), family involvement in the ownership and management of the business provides
advantages, since in a family business where owners and managers with family ties coincide, it can be more
efficient given that family ownership allows convergence of interests between management and shareholders,
which leads to the maximization of the value of the company.

Regarding the succession, although the results show that if the transition of power between generations is
planned, only a five per cent decrease in the high probability of operational risk is observed, the succession is
one of the most critical elements for family businesses. Manzano and Ayala (2002) point out that there are few
companies that survive the transition between generations. Recall that only between 25 and 30 per cent of the
FB last from the first to the second generation and that between nine per cent and 15 per cent, only six per cent
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or less manage to pass from the third to the fourth generation, see Neubauer and Lank (1998). As part of what
will be a long-term project, it is necessary to identify early on who will guide the company in the next generation
and ensure that they have the training and skills for the job. If the person is not competent enough to deserve
the position on their own merits, what might happen is that it weakens the whole organization. The FB can
improve their probability of survival and growth if they implement the correct organizational structures, if they
promote professionalization schemes, if they decide to form a Board of Directors, and if they begin the
educational process of successive generations as soon as possible.

4. Conclusions

When analyzing the determinants of Operational Risk within a sample of Family Businesses, based on information
obtained by a group of experts surveyed, it is found that the variable with the greatest impact on the Operational
Risk of the private FB is the Organizational Structure. When the functions, responsibilities, and roles of each and
every one of the company's employees are clarified, the probability that a company has a high risk is only nine
per cent. This scenario is the one that gives more certainty about the future of the company. Likewise,
professionalization and the existence of a Board of Directors are phenomena that also affect in a positive way to
reduce the OR. With respect to the succession, the results show that if the power transition between generations
is planned, a five per cent decrease in the probability of generating high OR is observed.

For the analyzed sample, the FB can improve their probability of survival and growth if they implement the
correct organizational structures, if they promote professionalization schemes, if they decide to form a Board of
Directors and if they begin the educational process of the successive generations as soon as possible. The
fundamental scope of the present investigation is that a Bayesian network was designed that incorporates and
relates the risk factors already described in section IV, which allowed quantifying the degree of Operational Risk.
Among the main limitations is that any variation to the Bayesian network defined by experts could alter the
magnitude and meaning of the results. Moreover, the results depend on the quantification of the Bayesian
Network that is based on the information obtained from the experts. Consequently, the pending agenda will be
to obtain statistical information on the variables defined and incorporate them into the Bayesian Network
defined in the present investigation. Also, verify that at least the sense of the causalities found is maintained.
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