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Modelling Entrepreneurial Decision Making Process Using Fuzzy
Inference Systems

Malasowe Bridget Ogheneovo & Emuobonuvie Andy

ABSTRACT

The essence of Entrepreneurship is making decisions that are constantly required to evaluate
alternatives and make decisions regarding a wide range of matters. Decision making involves a
lot of uncertainty and risk which poses serious challenges for Entrepreneurs to joggle among
them in other to take the best decision. Study have shown that focus has been mainly on the
analysis of the characteristics of potential entrepreneurs and the firm-creation process leaving
the critical incredient that will help in decision making. The increasing challenges and complexity
of business environments are making business decisions and operations more difficult for
entrepreneurs to predict the outcomes of these processes. Hence, this paper proposes a
decision support model -Fuzzy Inference System- that could be adapted for various business
decision processes. This system has the capability to handle decision making, by critically
considering the degree of membership of all the risk involved in a given problem space.

The model uses the concept of fuzzy set theory to judiciously select the variables in a given
problem space in an uncertain situations. From a real life practical point of view, this theory
offers a natural approach to the resolution of multidimensional and complex problems when the
available information is sparse and/or of poor quality. The fuzzy rule base sytem soften the
adverse effects that a business may suffer from these uncertain factors.

Keywords: Fuzzy logic, Membership functions, Decision, Fuzzy Set, Entrepreneur

1. INTRODUCTION

In recent time, specific interest and research in entrepreneurship has captured the attention of
both scholars and policy (Acs and Audretsch, 2003; Gurol and Atsan, 2006; Khefacha,
Belkacem and Mansouri, 2014; Laviolette and Brunel, 2012; Norrman and Bager-Sjégren,
2010). Decision making is a very vital component of all businesses success. Decisions based
on a foundation of knowledge and sound reasoning can lead the company into long-term
prosperity; contrariwise, decisions made on the basis of unsound logic, emotionalism, or
incomplete information can quickly put a business out of commission. Ultimately, what drives
business success is the quality of decisions and their implementation. Good decisions mean
good business.

The concept of decision making has a long history; choosing among alternatives has always
been a part of life. But sustained research attention to business decision making has developed
only in recent years. Contemporary advances in the field include progress in such elements of
decision making as the problem context; the processes of problem finding, problem solving and
legitimation; and procedural and technical aids. We are not able to use classical methods to
solve some kind of problems given in sociology, economics, environment, engineering medical
sciences and others, since these kinds of problems have their own uncertainties.
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Fuzzy set theory, which was firstly proposed by Zadeh in 1965, has become a very important
tool to solve these kinds of problems and provides an appropriate framework for representing
vague concepts by allowing partial membership. Fuzzy set theory has been studied by both
mathematicians and computer scientists and many applications of fuzzy set theory have arisen
over the years, such as fuzzy control systems, fuzzy automata, fuzzy logic, fuzzy topology, fuzzy
decision making among others.

Being an entrepreneur means possessing outstanding decision rights to opinions or judgments
on the future outcome of a business (Foss and Klein, 2007). We have also seen that the
entrepreneur is an adventurer who needs to be able to deal with the risk that his or her
judgments may be wrong (Casson, 2005). Dealing with risks requires adaptation, in the sense
of experimenting with novel ideas and with completely new technologies to cope with complex
problems and unanticipated opportunities (Bhidé, 2000). In this vain this paper proposes a
nature based approach - fuzzy inference model approach for decision making that will be
capable to handle the complexities involved in decision making by entrepreneurs.

2. Theoretical Background of Fuzzy Logic and Fuzzy Decision Making System

This paper is based on the principle of fuzzy logic a sub component of a nature inspired
methodology - Soft Computing. This section will briefly dwell on principle of fuzzy set theory in
order to contextualize this research paper.

As the complexity of a system increases, the utility of fuzzy logic as a modeling tool increases
(Oderanti, 2010). Fuzzy logic (FL) allows approximate interpolation between input and output
situations (Keshwani, Jones, Meyer and Brand, 2008). FL provides a conceptual framework that
attempts to define a natural way of dealing with problems in which the source of imprecision is
the absence of sharply defined criteria of class membership rather than the presence of random
variables (Zadeh 1965). It is a problem solving technique that was introduced by Lotfi Zadeh in
1965 to deal with vague or imprecise problems (De Wilde 2004; DeWilde 2002; Dweiri and
Kablan 2006; Kandel and Zhang 1998). FL is used to model human reasoning and knowledge
that do not have well defined boundary.

Although fuzzy logic covers a wide range of theories and techniques, it is mainly based on four
concepts: fuzzy sets, linguistic variables (Hajjaji and Rachid, 1995), possibility distributions
(membership functions), and fuzzy if-then-rules (Dweiri and Kablan 2006). The values of a
linguistic variable are both quantitatively described by a fuzzy set. Possibility distributions or
membership functions are constraints on the value of a linguistic variable imposed by assigning
it in a fuzzy set. Fuzzy if-then rules are knowledge representation schemes for describing a
functional mapping between antecedents and consequents (Oderanti, 2010).

A Fuzzy Inference System (FIS) employs fuzzy if-then rules and can model the qualitative aspects
of human knowledge and reasoning processes without employing precise quantitative analysis
(Oderanti, 2010). FIS are generally understandable because the knowledge in these systems is
contained in the form of fuzzy if-then rules containing membership functions (Anderson and Hall
1999). FIS can be teamed as computing with words.
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2.1 Conceptual Problems in Entrepreneurhsip Decision

In other to deal with the complex conceptual problems in entrepreneurship decision making,
there is the need to model the system that will support decision making holisticallly. To achive
this fuzzy logic has the capability in considering all possible contraints that affect decision
making in an organisation. The emphasis is based on real world of actual entrepreneurial
activity.

3. REVIEW OF RELATED WORKS

The concept of decision making has a long history; choosing among alternatives has always
been a part of life. But sustained research attention to business decision making has developed
only in recent years. Contemporary advances in the field include progress in such elements of
decision making as the problem context; the processes of problem finding, problem solving, and
legitimation; and procedural and technical aids.

All decisions are about problems, and problems shape context at three levels. The macrocontext
draws attention to global issues (current exchange rates, for example), national concerns (the
cultural orientations toward decision processes of different countries), and provincial and state
laws and cultures within nations. The mesocontext attends to organizational cultures and
structure. The microcontext addresses the immediate decision environment—the organization's
employees, board, or office. Decision processes differ from company to company. But all
companies need to take these three context levels into consideration when a decision needs to
be made. An important difficulty in decision making is failure to act until one is too close to the
decision point—when information and options are greatly limited. Organizations usually work in
a "reactive" mode. Problems are "found" only after the issue has begun to have a negative impact
on the business.

Nevertheless, processes of environmental scanning and strategic planning are designed to
perform problem reconnaissance to alert business people to problems that will need attention
down the line. Proactivity can be a great strength in decision making, but it requires a decision
intelligence process that is absent from many organizations. This is where Fuzzy Inference
System comes into play. Moreover, problem identification is of limited use if the business is slow
to heed or resolve the issue. Once a problem has been identified, information is needed about
the exact nature of the problem and potential actions (decision(s)) that can be taken to rectify
it.

Decision-Making in business has grown as a part of operations research, as concerned with
designing computational and mathematical tools for supporting the subjective evaluation of
performance criteria by decision-makers (Zavadskas, Turskis, and Kildiené, 2014). Several
research work have been carried out to develop intelligent models to support decision making
in an organisation (Zavadskas & Turskis, 2010). As observed in analytical terms, the
entrepreneur’s notion and the organization of the firm are inseparable. Being an entrepreneur
means possessing residual decision rights to opinions or judgments on the future outcome of a
business (Foss et al., 2007). The researchers have also seen that the entrepreneur is an
adventurer who needs to be able to deal with numerous risk(s) that his or her judgments may
be wrong (Casson, 2005). Dealing with risks requires adaptation, in the sense of experimenting
with novel ideas and with completely new technologies to cope with complex problems and
unanticipated opportunities (Bhidé, 2000).
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Entrepreneurs did not perceive less risk but, instead, used more personal values to frame
venture risks. They were also more confident in their ability to influence the development of the
venture in the future. Simon, Houghton and Aquino in 2000 also found that entrepreneurs suffer
from an illusion of control, i.e., they believed their skill will affect performance positively even in
situations where it realistically cannot, or where it is evident that outcomes are highly dependent
on chance. Similarly, Busenitz and Barney in 1997 posit that entrepreneurs are more
overconfident and more likely to generalize from small random samples.

3.1 Soft Computing in Decision making

Furthermore several previous studies have employed different soft computing approach to
support decision making in an organisation to solve problem(s) in a problem space in business
growth and sustainability (Sengul et al, 2015). These are - inclusion-based TOPSIS method with
interval-valued intuitionistic fuzzy sets for multiple criteria group decision making, Applied
Software Computing (Roszkowska and Wachowicz, 2015). An improvement of quantitative
strategic planning matrix using multiple criteria decision making and fuzzy numbers. Applied
Soft Computing, production management (Rabbani, Zamani, Yazdani-Chamzini and Zavadskas,
2014). There is no unique and well-defined methodology that one could follow step-by-step from
the beginning to the end of a decision aiding process. When dealing with objects that can only
be described and compared using several characteristics, aggregation is a major issue: it aims
at operating a synthesis of the usually contradictory, features of the objects, in view of achieving
a goal such as choosing among the objects that has the highest degree of membership in a
given problem space. (Bouyssou, Marchant, Pirlot, Tsoukias and Vincke, 2006). In all these
research and methods applied, Fuzzy Inference System was not fully employed in that detailed
fuzzy rules was not employed to extensively to cover all constraints in entrepreneur decision
making. The aim of this paper is to propose a model that will judiciously select fuzzy rules in the
entrepreneur problem space using Mamdani Fuzzy Inference Sytem approach that will be
capable to support effective decisiom making in an organisation.

3.2 Fuzzy Inference Systems in Decision making

The intelligent behind FIS is to make use of rules that is generally known in a system to model
the system that is driven by these rules. This gives rise to a complete system that can be used
to model the complexities involved in decision making. This section will discuss a step by step
approach on how to design a FIS for a given problem space (entrpreneur). The FIS is an
intelligent system that is built to give correct outputs to known and unknown inputs. FIS are
good at modling real life problems once the common characteristics or the general rules of the
system is known.

3.2.1 Computational Intelligence and Fuzzy Logic

Computational Intelligence (Cl) enables, through intelligent techniques some of them inspired
by nature, the development of intelligent systems that imitate aspects of human behaviour, such
as: learning, perception, reasoning, evolution and adaptation (Engelbrech, 2007). Some
examples of Computational Intelligence techniques are: Artificial Neural Networks, biological
neuron-inspired technique (Anagnostopoulos and Maglogiannis, 2006), (Aruna, Rajagopalan
and Nandakishore 2011). Evolutionary Computation, inspired by biological evolution (Mohamed,
Hegazy and Badr, 2011); Expert Systems, inspired by inference process (Anagnostopoulos ,
Anagnostopoulos , Vergados, Rouskas and Kormentzas, 2006); and Fuzzy Logic, inspired by
language processing. The fuzzy systems theory is a formal approach that aims to address the
modelling, representation, reasoning and the inaccurate information procedure as a
troubleshooting strategy (Dubois and Prade, 1983).
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Introduced in 1965 (Zadeh, 1965), the fuzzy set theory is a tool to model the imprecision and
ambiguity that arises in complex systems (Zadeh, 1965 and Zadeh 1979), and it was created
from the combination of the concepts of classical logic and groupings, defining degrees of
relevance (Lukasiewicz, 1970). Fuzzy logic is the principle concept of the proposed model in this
paper.

A fuzzy set differs from a classic set to assign to each element a value in the unit interval [O, 1].
Specifically, a fuzzy set is defined as a function A of a set x, called universe of discourse, to [O,
1]. The function A is referred to as a membership function, and the value A (x) represents the
degree of relevance - or compatibility - of the element x with the concept represented by all the
fuzzy set. Thus, the fuzzy logic proposed by Zadeh (Zadeh, 1965, Zadeh, 1971) provides a
mathematical model for the processing of inaccurate or vague information and concepts,
intending to make computers carry out inferences as people. The fuzzy processing is generally
composed of: Rules Base (provided by specialists or extracted from numerical data);
Fuzzification Stage (activates the rules from a set of precise entries); Inference Stage
(determines how rules are enabled); Defuzzification Stage (provides precise output, generating
a fuzzy set of output).

4. WHY FUZZY INFERENCE APPROACH

The fuzzy logic method was preferred to current mathematical models due to its ability for
modeling the obscurity in the related problem space, ability to work with lower cost and easy
application, higher mechanical intelligence level, ability to solve new problems by using the
experience of the model within the framework of the rules defined in the model, flexible
structure, compatibility for solving the insufficiently defined problems, and use of intuitive
methods instead of a specific algorithm (Yilmaz and Ayan (2013). The reasons for choosing
fuzzy logic in contrast to other systems are grounded on the lack of a flexible structure of other
systems, operation for accurate data and production of accurate results.

4.1 Fuzzy Systems

The fuzzy sets theory was initiated by Lofti A. Zadeh, in 1965. Fuzzy systems play a leading role
in soft computing and this stems from the fact that human reasoning is not crisp and admits
degrees. The notion central to fuzzy systems is that truth values (in fuzzy logic) or membership
values (in fuzzy sets) are indicated by a value on the range [0, 1], with O representing absolute
falseness and 1 representing absolute truth. Fuzzy systems are based on fuzzy logic (FL). Fuzzy
Logic is a form of many-valued logic or probabilistic logic; it deals with reasoning that is
approximate rather than fixed and exact.

Fuzzy Logic incorporates a simple, rule-based IF X AND Y THEN Z approach to a solving control
problem rather than attempting to model a system mathematically. FL provides a simple way to
arrive at a definite conclusion based upon vague, ambiguous, imprecise, noisy or missing input
information. Fuzzy logic has the advantage that the solution to the problem can be cast in terms
that human operators can understand, so that their experience can be used in the design of the
system. This makes it easier to mechanize tasks that are already successfully performed by
humans using If -Then Rules (Fuzzy Logic).
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4.2 Fuzzy Inference System

A good Fuzzy Inference design needs to correctly map the inputs to the outputs, which is done
by designing the correct rules in a gievn problem space. The major task is is to correctly and
adequately identify the inputs and outputs. Rules are the driving factors of the fuzzy inference
system and the degree of membership of the identified membership functions are also a strong
contributing factor to the final result of the designed system.

One of the parameters in the design of a fuzzy inference system is the number of fuzzy sets
associated to a linguistic term. Fuzzy inference system as a soft computing method mimics
cognitive reasoning of the human mind based on linguistic terms for performing tasks in natural
environments. Fuzzy Inference is the process of formulating the mapping from given input(s) to
output(s) using fuzzy logic. This mapping provides a basis from which decisions can be made or
patterns discerned. FIS has been applied successfuly in many applications in a wide variety of
fields, such as Medicine, automatic control, data classification, decision analysis, expert
systems, robotics, pattern recognition among others. A fuzzy inference system with crisp inputs
and outputs implements a nonlinear mapping from its input space to output space.

This mapping is accomplished by a number of fuzzy if-then rules, each of which describes the
local behavior of the mapping. In particular, the antecedent of a rule defines a fuzzy region in
the input space, while the consequent specifies the output in the fuzzy region. Fuzzy logic models
can be developed from expert knowledge or from process input-output data. In the first case,
fuzzy models can be extracted from the expert knowledge of the process. The expert knowledge
can be expressed in terms of linguistics, which is sometimes faulty and requires the model to
be tuned. Therefore, identifying the processes is very important in the design which uses the
help of expert knowledge in the domain area. This process requires defining the model input
linguistic variables and the determination of the fuzzy model type.

In general, the main steps performed in the FIS are as follows:

o The fuzzification stage transforms each crisp input variable into a membership grade
based on the membership functions defined in the problem space.

e The inference engine then conducts the fuzzy reasoning process by applying the
appropriate fuzzy operators in order to obtain the fuzzy set to be accumulated based on
their firing strenght in the output variable.

o The defuzzifier transforms the fuzzy output into a crisp output by applying a specific
defuzzification method.

The two types of fuzzy inference methods most commonly used are the Mamdani method and
the Sugeno method (Negnevitsky, 2001). The difference between these two fuzzy inference
methodologies is the specification of the consequent part. In the Mamdani method (Mamdani
& Assilian, 1975), consequents are fuzzy sets, and the final crisp output of the Mamdani method
is based on defuzzification of the overall fuzzy output using various types of defuzzification
methods. This paper strongly recommends Mamdani approach because decision making in
entrepreneur requires holistic consideration of many variables for final decision. The Mamdani
fuzzy inference process includes four steps (Negnevitsky, 2001) (Naaz and Ranjit, 2011).

These are:

Step 1: Fuzzification -In fuzzification process the crisp input values are transformed into the
grades of membership function (MF) for linguistic values of fuzzy sets. The membership function
provides a grade for each linguistic value.
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Step 2: Rule Evaluation - After successfully defining the input and output variables, and the
corresponding MFs, it is necessary to design the rule-base of the fuzzy knowledge-base. The
rule-base of FIS design is composed of IF < antecedents >THEN < conclusion > rules. These
rules are then transformed from an input to an output, based on MFs that inform the projected
outcomes. The total number of rules is dependent on the total number of linguistic variables
and MFs. In Mamdani, the AND operator is applied on each rule for rule evaluation.

Step 3: Aggregate output(s) - After evaluating all the rules, the rules need to be bundled together
in a particular approach to make a decision. Aggregation method is used to bundle the output
fuzzy set after the evaluation of the rules. In Mamdani, the OR operator is used to aggregate the
output fuzzy sets. After aggregation, the final output is a single fuzzy set.

Step 4: Defuzzification - This stage comes up after all others of the fuzzy inference process. A
crisp number is generated from the single output fuzzy set that is found from aggregating the
rules in Step 3. Figure 1 shows the diagramatical presentation of an FIS.

Fuzzification | lnferance evaluation Defuzzification
Variable1 || Rule 1
Variable2 Whes le 2
arfable h‘ Rule Output:

o l. ¥, Integration Entreprencurial
Variable 3 " ¥ 7| Ruled Intention

‘: g L;l ]
Variable 4 D. 2 v Rule 4
Variablen l. ! Rulen

Figure 1 The Structure of Fuzzy Inference Systems for entrepreneurs

Source: Khefacha, Islem; Belkacem, Lotfi (2015)

5. CONCLUSION

In recent time alot of research have been on entrepreneurship in both academic research and
practice. In applications and theories, different modelling techniques have been offered, a
number of suitable approaches have been provided for modelling decision. Choosing a problem
solution approach and a model is dependent upon the people that are involved in the process
of decision making, oraganisation policies, available information and time among others. The
most important advantage of FIS approach is its capability of addressing the problems that are
marked by different conflicting interests considering their different degrees.
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This paper focused explicitly on the the need to explore the potentials of of softcomputing -
fuzzy logic in decision making. Fuzzy logic has the capability to handle holisticly the variables
involved in decision making. It is quite possible that a better understanding of the factors that
influence attitudes towards entrepreneurship and entrepreneurial intent could facilitate the
successful development of these initiatives. This paper focused majorly on the main contraints
that affeccts entrepreneural decision which will go a long way to alleviate the problems faced by
entreprenuers in taking decisoin.
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