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Abstract Recently, Neutrosophy theory and its application in decision-making has became in a significant issue for the scientific
community. In this paper, an extension of the PESTEL (Political, Economic, Social, Technological, Ecological and Legal) tech-
nique adapted to the neutrosophic environment is proposed for decision making in management. The proposal is specially tailored
for the dynamic analysis of the different factors in an uncertain environment. The framework developed for the extension of the
PESTEL technique to the neutrosophic environment is compound for six fundamental activities. A system of recommendation
is designed for practical purposes. A case study is developed for the use of the neutrosophic PESTEL to show the applicability
of the technique. The paper ends with conclusions and recommendations for future work.
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1 Introduction

The start-up of a company or a new business unit requires detailed knowledge of the context in which it is
going to develop. There exist numerous external factors that will condition its operation, hence the analysis of the
environment is the key to know future trends and define in advance the business strategy to follow. A useful tool
to achieve this goal is the PESTEL (Political, Economic, Social, Technological, Ecological and Legal) technique,
which allows a detailed investigation of the issues that most influence in the development of business activity or
project that it is needed to promote.

This tool allows forecasting future trends in the short and medium term, offering to the organization a wide
range of action and improving its ability to adapt to the changes that are anticipated. It also provides objective
criteria to define the strategic position and provides information to take advantage of the opportunities that arise
in certain markets. This is achieved through the description of variables that provide arguments about the behavior
of the environment in the future.

PESTEL technique is useful to perform a strategic analysis to define the external environment of a company,
as it is referred in [1-4], due to the advantages that this method provides, since it constitutes a research guide of
the context surrounding the company. Among the advantages that most stand out are the following:

e Itadapts to each case. There exist factors that can be included within others. For example, the legislature
can be easily integrated into the political and industry can be included in economics. The ecological factor
can also be easily included in social one. That depends on the area in which the activity of the company
takes place and the peculiarities of its sector.

e |t helps to make decisions. This is because it permits to know about the market and the factors that
produce no growth or decline, their potential and attractiveness, the simple identification and control of
the present risks which in turn can be potentially determined, and finally, about the convenience or not to
enter on it. Therefore, it is useful when it is applied in internationalization processes.

e It has a proactive approach. It allows anticipating changes and glimpsing future trends in such a way
that the organization will go one-step ahead and shall not have to suddenly react to the new market
characteristics. In addition, it facilitates planning and minimizes the impact of adverse scenarios.

e Itis of broad application. Whether it is to make decisions about the foundation of a new company, the
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opening of an office in a foreign country or region, the redefinition of the brand, a possible acquisition or
the association with partners, in every of these situations PESTEL analysis allows knowing in detail the
trends that will mark the future of the market.

The aforementioned author refers that PESTEL factors serve to know the tendencies and redesign the business
strategy. The variables that integrate these factors are the following:

e Political variables: These are the governmental aspects that directly affect the company. This variable
involves tax policies or business incentives in certain sectors, employment regulations, the promotion of
foreign trade, government stability, the government system, international treaties or the existence of
conflicts of any kind, like internal, current external or future ones. In addition, it is related to the way in
which the different local, regional and national administrations are organized. The projects of the major
parties on the company are also included in this section.

e Economic variables: This variable is useful for analyzing macroeconomic data, the evolution of Gross
National Product (GNP), interest rates, inflation, the unemployment rate, the level of income, exchange
rates, access to resources, the level of development and economic cycles. Current and future economic
scenarios and economic policies should also be investigated.

e Social variables: In this variable, the relevant factors are demographic evolution, social mobility and
changes in lifestyle. Additionally, the educational level and other cultural patterns, religion, beliefs, gender
roles, tastes, fashions and consumption habits of society should be included. In short, it contains the social
trends that may affect the business project.

e Technological variables: This variable is somewhat more complex to analyze because of the accelerated
changes in this area. It is necessary to know the public investment in research and the promotion of
technological development, the penetration of technology, the degree of obsolescence, the level of
coverage, the digital division, funds destined to Research and Development (R&D), as well as the trends
in the use of new technologies.

o Ecological variables: This variable analyses factors related to the conservation of the environment,
environmental legislation, climate change and variations in temperatures, natural risks, levels of recycling,
energy regulation and possible regulatory changes in this area.

e Legal variables: This variable concerns all the legislation that has a direct relationship with the project,
the information about licenses, labor legislation, intellectual property, sanitary laws, the regulated sectors,
among others.

The decision-making process has been a central issue in the study and the configurations of organizational
structures. This structure determines the definition of the organizational units, their objectives, functions, charges,
and associated tasks, as well as the levels of authority-subordination, and consequently, the system of formal
relations, see [5].

According to [5], in order to support decision-making in business management, it is necessary to define
variables, which identify the most important aspects that are included in the business environment and that affect
the future business environment, as well as those variables that identify factors less decisive and irrelevant to the
operation of a business, business unit or project. For this purpose, it is recommended to start the analysis by the
most general factors and finish with those that are more specific or characteristic of the company.

Once the factors of greater and less importance are obtained, it is possible to carry out a comparative analysis,
assigning a qualification to each factor. This assignment facilitates the study of several characteristics that
contribute to the knowledge of the environment, in particular, to know which is the most favorable or suitable
environment for the purposes of the company. The weight assigned to each variable depends on the type of business,
environment, among others.

These studies are often carried out using the PESTEL technique, which is an accessible tool, easy to apply and
widely used by companies in different sectors and of different sizes. According to [1], PESTEL serves to evaluate
the main external factors that influence a project or business. This technique facilitates the support for making
early decisions because it guides the direction of the company towards future scenarios in order to determine the
development of the activity. The results obtained by using the PESTEL technique are expressed qualitatively,
whose results require to be treated for the solution of indeterminate problems that are obtained when applying
PESTEL.

To solve the aforementioned drawback, it is proposed to translate the technique of PESTEL to the neutrosophic
field. Neutrosophy is a branch of science that brings significant results when there exist problems containing
indeterminacy. One example of the presence of indeterminacy in real life situations can be encountered when
analysing the factors to consider for business management.

In business management area, neutrosophy theory is useful to include for obtaining greater data interpretability.
It is a tool for supporting decision making, taking advantage of opposing positions as well as the neutral or
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ambiguous ones. Assuming that every idea <A> tends to be neutralized, diminished, balanced by ideas, in clear
rupture with the binary doctrines for explaining or understanding the phenomena [6]. Neutrosophy theory has been
successfully hybridized with other decision-making techniques and methods like, with DEMATEL method, see
[7], VIKOR and ANP, [8], and TOPSIS technique, [9].

Based on the aforementioned ideas, in the present study we propose the combination of PESTEL with the
neutrosophic recommendation models, to make this combination a neutrosophic PESTEL technique, capable of
supporting decision-making, providing a set of options in order to satisfy the business environments expectations
[10]. Essentially the proposal is related to a recommendation model based on the knowledge obtained by applying
the PESTEL technique.

The proposed model includes Single-Valued Neutrosophic Numbers (SVNN), which facilitates the use of
linguistic terms [11]. PESTEL analysis based on a recommendation model takes into account the analysis of the
factors, in order to support decision making for obtaining efficient business management. The neutrosophic
PESTEL technique, which is proposed in the present work, has the possibility of treating the interdependence
between the analyzed factors, feedback and treats the uncertainty.

Summarizing, in this paper a neutrosophic PESTEL analysis is designed with the purpose to be applied in
business management. This model is the basis of a proposed system of recommendation, where the PESTEL
analysis provides the knowledge, which is stored in a database. The data in dataset are represented in form of
linguistic terms, and the calculi are made by using SVNNs. To illustrate the applicability of the model we utilize
an actual example.

2 Preliminary

In this section, a brief review of the PESTEL technique and the interdependence of its factors are provided.
Then we summarize those neutrosophic foundations that are able to adapt PESTEL technique to neutrosophy.

2.1 PESTEL Analysis

PESTEL analysis is applied to aid and consider subjects like, namely, political, economic, social,
technological, legal and environmental. It is a tool of interest to understand the increase or decline of some specific
market and consequently, the position, potential and direction of a business. PESTEL works as a frame to analyze
such situations, or either to revise the strategy. In others words, PESTEL measures market potentialities and actual
situation. It allows us to understand, present, discuss and take decisions about external factors. The aspects to
measure PESTEL are displayed in Figure 1.

To evahiais
aliernatives
To esiahlish and select the
the coieria for besi ome
To analyze the decision
prohlen and makling
To define the 1he
malang
prohlem

Figure 1. Pyramid PESTEL factors.

A recommendation model based on the knowledge acquired from the application of PESTEL analysis, has an
integrated structure among the factors, it is modeled by a neutrosophic recommendation model and the quantita-
tive analysis is developed from a static analysis that allows to classify and reduce the number of analysed factors.

2.2 Neutrosophic PESTEL and recommendation models based on knowledge, to support
decision-making
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Decision-making has been historically studied using multiple disciplines from classical ones such as philoso-
phy, statistics, mathematics, and economics, to the most recent ones such as Avrtificial Intelligence [12, 13]. The
developed theories and models point to rational support for making complex decisions [12]. The process for solv-
ing a decision-making problem according to [14] is shown in Figure 2.

Figure 2. Phases for the solution of a decision-making problem ([14]).

Knowledge-based recommendation models provide suggestions by making inferences about the desired needs
and preferences [15, 16]. The knowledge-based approach is distinguished because knowledge is used about how
a particular object can satisfy the desired needs. Therefore, the knowledge-based recommendation models have
the capacity to reason about the relationship between one need and the possible recommendation that is provided.

From the mathematical point of view, the proposed recommendation model is distinguished by X, which is
called the universe of study. A set of unique Single-Valued Neutrosophic Set (SVNS) A on X, is an object that
satisfies the formula given in Equation 1.

A = {00 Ty (0, 140, Fa(0)): x € X) (1)

Where, T: X - [0,1],1,: X — [0,1]and F4: X — [0,1] satisfy 0 < T,(x) + I4(x) + F4(x) < 3, for every
X € A. Ty(x), I,(x) and F,4(x) represent the truth-membership, indeterminate-membership and false-membership
of x in A. A Single-Valued Neutrosophic Number (SVNN) is expressed as: = (T, I, F), where T, I, F € [0,1], and

OST+I1+F<3.

The models of recommendation based on sideways constructions are structures of knowledge which learn
either by themselves or by processes of inference. Thus, they can be enriched with the use of natural language
expressions [17, 18].

3 Proposed Framework

The proposed framework to support decision making in business management using the PESTEL technique,
with a neutrosophic environment consists of four fundamental phases, they are graphically shown in Figure 3. This
framework is based on [17, 19], for knowledge-based recommendation systems allowing the representation of
linguistic terms and indetermination in form of SVNNs.
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Figure 3. Proposed model for the PESTEL analysis.

3.1 Creation of the Database with the profiles that represent the factors of PESTEL

Each of the PESTEL factors are represented by a;, which are described by a set of characteristics that will
make up the profile of the factors. They are mathematically expressed by the set C = {cy, ..., Ck, ---, C1 }-

In order to obtain the PESTEL factors database, the profile of each PESTEL factor is obtained by SVNNs [20,
21].

Let A* = {43, A3,---, Ay} be a vector of SVNNs, such that A7 = (af, b}, ¢f), forj=1, 2, ..., n. Additionally,
let B; = (Bj1, Biz,***, Bim), 1= 1,2, ..., m, be m vectors of n SVNNs, where B;; = (ai]-, bij, Cij), i=1,2,...,m
andj =1, 2,...,n. Then, the Euclidean distance between A* and B; is defined in Equation 2, see [20].

1

2 2 2)\2

di = (G2 {(ay —a)" + (b5 = b)) + (5 — ¢)°})’ )

Wherei=1,2,...,m.

The Euclidean distance calculated with Equation 2 defines a measure of similarity, according to it is referred
in [21].

The measure of similarity varies in correspondence with the alternative A;. Closer is A* to the profile that rep-
resents the PESTEL factors, greater is the measure of similarity (s;), favouring the establishment of an order be-
tween alternatives [23]. The profile that represents the PESTEL factors can be obtained directly from experts’
criterion. The formula of s; is given in Equation 3.

s;=1-4d; 3)

The evaluation of the PESTEL characteristics of the factors a;, are expressed using a linguistic scale S,

Where S = {5y, ..., Sg} is the set of linguistic terms defined to assess the corresponding characteristics of each
PESTEL factor, ck, which is evaluated by using the SVNNSs. For this end, the linguistic terms to employ are de-
fined. Once the factors are described, they are included in the previously created database, like A =
{ag, -+, aj, -, an}-

The system outputs a recommendation about the best factors for either maintain or improve the current mar-
ket situation. The recommendation is obtained from previous experiences and strategies of the company in this
situation, which were stored in the database.

3.2 Obtaining profiles by PESTEL factors

In this phase we obtain the company information related to the PESTEL factors, these preferences are profiles
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that are stored in the database, mathematically they are expressed as shown in Equation 4.
P, ={pf, ... pics - 01’} (4)
Where P¢ € S.

The profiles of the obtained PESTEL factors, which have been analyzed according to the preferences of the
company are integrated by a set of attributes as shown in Equation 5.
C, ={cf,...,cp, ., cr} (5)

Where ¢ € S.

3.3. Filtering of the PESTEL factors

In this phase, the PESTEL factors are filtered according to the profile of each obtained factor, in order to find
out what PESTEL factors need to be addressed for supporting decision making in a company. For this purpose,
the similarity between the profiles of each PESTEL factor, P, and the characteristics corresponding to each PES-
TEL factor, aj, previously registered in the Database, was calculated. Equation 6 is used to calculate the total
similarity.

Fy, = W, .., vl, .. v} (6)

j=1,2,...,n;vf €S.

The function s; calculates the similarity between the values of the user profile attributes and that of the prod-
ucts, aj, according to [24].

3.4. Execute recommendations of the factors of PESTEL attend for the decision making
support

The similarity between the profile of the PESTEL factors of the Database and each one of the characteristics
corresponding to each PESTEL factor is calculated, see [25], these are ordered according to the obtained similarity,
which is represented by the similarity vector denoted by D = (d,, d,, ..., d,,).

The best results are those that best meet the needs of the profile of the PESTEL factors determined in a com-
pany to support decision-making. The system outputs the factors with the best performance.

As a kind of discussion it is noteworthy to remark that our research contribution is the design of a system of
recommendation based on PESTEL analysis for business management, as well as the extension of this technique
to the framework of neutrosophy theory.

This approach has the advantage that decision makers can interact with the system using linguistic terms.
Furthermore, the system can be coded to create a Decision Support System, which shall be useful for decision
makers.

Nevertheless, we have to acknowledge that we could encounter difficulties that managers accept to apply these
results in their companies, which is the main objective of our work and this is the way to validate the results. To
overcome this difficult we should design strategies to introduce this techniques in real life.

4 Case study

In the present paper, we use a model of companies with specialized treatment in Cuba as the case study. These
companies are not totally financed by the Cuban State, therefore, they aims to be self-financed in most of the
economic aspects.

The aspects of PESTEL study are reflected in Figure 4
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Figure 4. Feature to attend related to the PESTEL factors for business management.
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According to Figure 4, specialists considered that one characteristic per factor are sufficient to determine the
factors that are adequate and those that decision makers have to improve. These characteristics are the following:
Ca: Subsidies or grants, which are indicators of how the Cuban State politically supports these enterprises.

Ca: Level of inflation, which is an important economic indicator mainly for a company that sell products and
the management success depends on fair prices.
Cs: Changes of the population level, which is the social factor that indicates the potential users constitute a
good market for the products sold by these companies.
Ca: Incorporation of Information and Communication Technologies (ICTs), it is an important factor, because
efficiency is consequence of the well use of ICTs.
Cs: Climate change, because ecology is a state policy of the Cuban government, taking into account that
these are enterprises partially supported by the Cuban State. On the other side, Cuba is affected by natural disas-

ters, mainly, hurricanes.

Ce: Protection and regulation of the sector, is a factor that guarantees that the rights of the enterprises shall be
respected, and enterprises shall fulfil with their legal duties and obligations.

For this case study, we count on a database that contains all the factors profiles and their characteristics re-
lated to the analysis carried out with the PESTEL technique. These profiles are represented by a vector of shape

A= {alﬁ Az, a3, Ay, As, a6}'

Where, a; corresponds to the Political Factor, a; to the Economic Factor, as to the Social Factor, as to the

Technological Factor, as to the Ecological Factor and as to the Legal Factor.

The vector that describes the profiles of the PESTEL factors and their characteristics related to the realized
analysis, in our case study are represented in form of neutrosophic attributes. Then, the characteristic corre-
sponding to each factor of each PESTEL of neutrosophic attributes are measured using linguistic scales, which

are shown in Table 1.

Linguistic term

SVNN

Extremely good (EG)
Very very good (VVG)
Very good (VG)

Good (G)

Moderately good (MDG)
Average (A)
Moderately bad (MDB)
Bad (B)

Very bad (VB)

Very very bad (VVB)
Extremely bad (EB)

(1,0,0)
(0.9, 0.1, 0.1)
(0.8,0.15,0.20)
(0.70,0.25,0.30)
(0.60,0.35,0.40)
(0.50,0.50,0.50)
(0.40,0.65,0.60)
(0.30,0.75,0.70)
(0.20,0.85,0.80)
(0.10,0.90,0.90)
(0,1,1)

Table 1: Linguistic terms associated to a SVNN, see [20].

We have P, = {MDG, VG, VVG, VG, VG, G}, see Equation 4, as the results of the characteristic evaluation by
the specialists, which their meanings can be read in Table 1.
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In our case study, we concluded that the Political Factor has characteristics that make it “Fairly good” for the
achievement of adequate business management, within the framework of the characteristics of the companies
with specialized treatment in Cuba.

e It is obtained that the PESTEL factor related to the Economic Factor, is assessed as “Very good”

according to the characteristic that identifies it.

e The Social Factor of PESTEL is evaluated as “Very very good” since there exists continuous changes in
the population level.

e The Technological Factor of PESTEL, with the incorporation of Information and Communication
Technologies (ICTs), helps companies to obtain “Very good” results.

e The Ecological Factor of PESTEL obtains “Good” results, however, in this factor it is necessary to specify
what means the term climate change, to mitigate the deficiencies existing on the subject at the country
and business levels.

e Concerning to the Legal Factor of PESTEL, for organizational management in companies with the
previously mentioned characteristics, possesses “Very good” result, given by the protection and
regulation that exists in the business sector in Cuba.

Having the PESTEL factors and the their characteristics, to support decision making in the interest of efficient
business management, we calculated the similarity between the profile of the analyzed factors with PESTEL and
the characteristics corresponding to each factor previously stored in the database. The result is shown in Table 2.

ai az as a4 as ae
0.43 0.80 0.41 0.83 0.75 0.33
Table 2. Similarity between the PESTEL factors and the characteristics related to the factors.

During the recommendation phase, the system recommends the characteristic corresponding to each PES-
TEL factor which is the nearest to the factors profile. The obtained ranking of the PESTEL factors based on this
comparison is the following: a, > a, > as > a; > a; > a,.

Whether we have to give a recommendation about the more similar factors according to the characteristics of
the enterprises for achieving an appropriate managerial step, system recommends to maintain as and ay, i.e., those
that represent the Technological and the Economic Factors with the analysis of PESTEL, respectively.

Whereas, the system does not recommend ai, as or as, because the results had a small level of similarity.

Conclusions

In the present study, an extension of the PESTEL technique was proposed to the neutrosophic environment to
support decision-making in business management, taking into account uncertainty. The integrated structure of
PESTEL has factors that are modeled.

To illustrate the scope of application of the proposed model, companies with specialized treatment in Cuba was
used as case study. These companies are affected by economic, political, social and technological factors.

On the other hand, a study of the recommendation models was carried out to address problems encountered in
the measurement and evaluation process of PESTEL analysis. The integrated structure of PESTEL was modeled
by a recommendation model. The proposed recommender system compares the stored knowledge in a database ,
extracted from PESTEL analysis, with the current evaluation of the company. This assessment is facilitated by
using linguistic terms for calculation, which allows a better communication between the decision makers and the
system.

Future work will focus on the development of a software tool and the use of aggregation operators to indicate
interdependency among subfactors in the PESTEL analysis.

Future directions will consist in exploring the hybridization of the model that we exposed in this paper with
other decision-making techniques, with the aims to improve the results in management decision, e.g., the SWOT
method.

Additionally, a challenge consists in accelerating the search in the database when the number of items is big.
Therefore, we also will explore to incorporate heuristics for optimizing the selection of the best option in the
database, as well as to deepen the knowledge contained in the database incorporating an expert system model.
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