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Abstract
This study introduces a method to measure the implementation of the training strategy of
entrepreneurship competence as a contribution to the integrity and quality of future graduates
from any higher education institutions. For this purpose, the theory of plithogenic sets was
applied. These sets were defined to model concepts arising from the dynamic interaction of
other simpler ones, which may have contradictions among each other and include neutralities
or indeterminacies. To the best of our knowledge, this is the first time that plithogenic sets are
applied in the mathematical modeling of entrepreneurship competence or any other pedagogic
competence. The plithogenic numbers are represented and applied to SWOT (Strengths,
Weaknesses, Opportunities, and Threats) analysis. This method was successfully applied at
the University of Guayaquil, Ecuador. It is a simple method that includes an assessment based
on linguistic terms and indeterminacies.
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1.

Introduction

Evaluating the feasibility of executing the strategy for the development of entrepreneurship
competence among students belongs to the teleology of university education, which gathers
relevance and opportunity as facilitating categories to increase critical lateral thinking. It
establishes an active attitude in the students and increases their capacity to generate prosperity
and strengths that influence an individual’s performance collection [1–4].
In this article, we understand entrepreneurship as a complex system of knowledge, skills,
attitudes, and values that interact synergistically and enable the self-appointed and effective
performance of the individual, by providing them with tools to create, manage, interpret,
understand, and transform the social environment with a critical, proactive, and innovative
vision, sustaining a model of life, of present and future personal development from the
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educational context [2,5,6].
Pedagogical entrepreneurship competence is assessed in this
systematization, which is not restricted to the narrow margins of
an individual building; it instead interacts with social demands,
the claim to their various attributes, and the need to materialize
an attitude that is conducive to general welfare, in the present
as well as in the future [7,8].

solution to the formation of entrepreneurship competence in
students. This new theory fits the purpose of this article as it is
a tool to represent complex, systemic, and dynamic concepts
with degrees of relatedness, where different simpler concepts
interact with each other. To the best of our knowledge, this
is the first time that plithogenic sets are used to measure the
phenomenon of psycho-pedagogy competence [11].

To analyze feasibility in general, we used the method of
SWOT (Strengths, Weaknesses, Opportunities, and Threats)
analysis that aggregates the relationships between the different
parameters and the weights of the quadrants, which allowed
us to achieve higher accuracy in the calculation and determination of the strategic moment, and the feasibility of applying
transformation actions in the training of higher-education students [9,10]. By approaching the concept of entrepreneurship
competence through the idea of the system allows for the application of mathematical-logical modeling based on plithogenic
sets; in addition to that, this type of combination allows the
inclusion of indeterminacy [11–13].

In this case, plithogenic numbers are obtained from the assessment of a group of experts, who evaluate the situation of
entrepreneurship competence in the students of any higher education institution, where the University of Guayaquil is used
as a case study. The assessments were based on the SWOT
analysis, and the plithogenic numbers were input into a SWOT
matrix. However, experts do not directly use plithogenic numbers in their evaluations; they evaluate by using linguistic terms,
which are associated with plithogenic numbers and are used
for the SWOT evaluation of the results. Some background of
hybridization of SWOT analysis with neutrosophy and other
methods can be found in [6,14,15].

Plithogeny is the genesis or origin, creation, formation, development, and evolution of new entities from dynamic and
organic mergers of multiple contradictory and/or neutral and/or
non-contradictory old entities. Plithogeny advocates the connections and unification of theories and ideas in any field. We
can consider “knowledge” as “entities” in various fields, such
as the soft sciences, hard sciences, and theories of the arts and
letters [11].

This paper is divided into the following sections: Section
2 presents the main concepts of plithogenic sets and SWOT
analysis. Section 3 contains the material and methods where
we introduce the method proposed in this paper, and Section
4 covers the study we conducted on the entrepreneurship competence of students at the University of Guayaquil using the
proposed method. Section 5 presents the discussion, and the
last section concludes the paper.

Therefore, plithogeny is the dynamics of many types of opposites and/or their neutrals and/or non-opposites and their organic
fusion. Plithogeny is a generalization of dialectics (dynamics of
a kind of opposite: < A > and < antiA >), the neutrosophy
(dynamics of a kind of opposites and their neutrals: < A >
and < antiA >, and < neutA >), because plithogeny studies the dynamics of many types of opposites and their neutral
and non-opposites (< A > and < antiA >, and < neutA >,
< B > and < antiB > and < neutB >, etc.), and many
that are not opposites (< C >, < D >, etc.) altogether. A
particular application and concept derived from plithogeny is
the plithogenic set, which is an extension of the classical set,
fuzzy set, intuitionist fuzzy set, and neutrosophic set, and has
many scientific applications [11].
A plithogenic set P is a set whose elements are characterized
by one or more attributes, and each attribute can have many
values. Until now, these have mainly been applied in decisionmaking mathematical models [13,14]. In this research, we
will use them to determine the foundation and structure of a

2.

Preliminary Concepts

This section is divided into two subsections: the first one summarizes the main concepts of plithogenic sets, whereas the
second one discusses the concepts of SWOT analysis.
2.1

Basic Notions of Plithogenic Sets

Let U be a universe of discourse, and P be a non-empty set of
elements, P ⊆ U . Let A be a non-empty set of uni-dimensional
attributes A = {α1 , α2 , · · · , αm }, m ≥ 1, and αi ∈ A is a
given attribute whose spectrum of all the possible values (or
states) is the non-empty set S, where S can be a set of finite
discrete, S = {s1 , s2 , · · · , sl }, 1 ≤ l < ∞, or infinitely numerable set S = {s1 , s2 , · · · , s∞ }, or an infinitely uncountable
set (continuous), S =]a, b[, a < b, where ] · · · [ is any open,
semi-open, or a closed interval set of real numbers or another
set.
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Let V be a non-empty subset of S, where V is the range of
all attribute values required by experts for the application. Each
element x ∈ P is characterized by the values of all attributes in
V = {v1 , v2 , · · · , vn }, for n ≥ 1.
In the set of values of the attribute, V , in general, there is a
dominant attribute value, which is determined by experts in its
application. The dominant attribute value is the most important
attribute value that experts are interested in.
Each attribute value vi ∈ V has a corresponding degree of
appurtenance d(x, v) of the element x to the set P with respect
to certain criteria.
The degree of appurtenance can be either a fuzzy degree of
appurtenance, an intuitionistic fuzzy degree of appurtenance,
or a neutrosophic degree of appurtenance to the plithogenic set.
Thus, the attribute value appurtenance degree function is:
d : P × V → P([0, 1]z ), ∀ (x, v) ∈ (P, V ) .

(1)

Thus d(x, v) is a subset of [0, 1]z , where P([0, 1]z ) is the
power set of [0, 1]z , where z = 1 (fuzzy degree of appurtenance), z = 2 (intuitionistic fuzzy degree of appurtenance), and
z = 3 (neutrosophic degree of appurtenance).
Let |V | ≥ 1 be a cardinality. Let c : V × V → [0, 1] be the
attribute value contradiction degree function between any two
attribute values v1 and v2 , denoted by c(v1 , v2 ), and satisfy the
following axioms:
1. c(v1 , v1 ) = 0, the degree of contradiction between the
same attribute value is zero,
2. c(v1 , v2 ) = c(v2 , v1 ), commutativity.
We can define a fuzzy attribute value contradiction degree
function (c as before, we denote by cF to distinguish it from the
following two), an intuitionistic fuzzy attribute value contradiction degree function (cIF : V ×V → [0, 1]2 ), or more generally,
a neutrosophic attribute value contradiction degree function
(cN : V × V → [0, 1]3 ), which can be used to increase the
complexity of the calculation, but also to increase the accuracy.
We calculate the degree of contradiction between the values
of the unidimensional attributes. Multi-dimensional attribute
values can be divided into their corresponding one-dimensional
attribute values.
The attribute value contradiction degree function helps plithogenic aggregation operators and plithogenic inclusion (partial
order) to obtain a more accurate result.
The attribute value contradiction degree function is designed
in each field, where a plithogenic set is used according to the
www.ijfis.org

application to be solved. If it is ignored, the aggregations still
work, but the result may lose accuracy.
Thus, (P, a, V, d, c) is called a plithogenic set, [11,16]:
1. Where P is a set, a is an attribute (multi-dimensional in
general), V is the range of values of the attribute, d is
the degree of appurtenance of the attribute value of each
element x to the set P for some given criteria (x ∈ P ),
and d means dF or dIF or dN , when it is a degree of
fuzzy appurtenance, an intuitionistic fuzzy appurtenance,
or a degree of neutrosophic appurtenance, respectively,
of an element x to the plithogenic set P ;
2. c means cF or cIF or cN , when it is a fuzzy attribute
value contradiction degree function, intuitionistic fuzzy
attribute value contradiction degree function, or neutrosophic attribute value contradiction degree function, respectively.
Functions d(·, ·) and c(·, ·) are defined according to the applications that experts need to solve.
Then, the following notation is used: x(d(x, V )), where
d(x, V ) = {d(x, v), for every v ∈ V } , ∀x ∈ P .
The attribute value contradiction degree function is calculated
between each attribute value concerning the dominant attribute
value (denoted by vD ) in particular, and for other attribute
values as well.
The attribute value contradiction degree function c evaluated
between the values of two attributes is used in the definition of
plithogenic aggregation operators—intersection (AND), union
(OR), implication (⇒), equivalence (⇔), inclusion (partial order), and other plithogenic aggregation operators that combine
two or more degrees of attribute values based on a t-norm and
a t-conorm [17]).
Most plithogenic aggregation operators are linear combinations of one fuzzy t-norm (denoted by ∧F ) with one fuzzy
t-conorm (denoted by ∨F ); however, nonlinear combinations
can also be constructed.
If the t-norm is applied over the dominant attribute value
denoted by vD , and the contradiction between vD and v2 is
c(vD , v2 ), then attribute value v2 is applied as follows:
[1−c(vD , v2 )] · tnorm (vD , v2 )+c(vD , v2 ) · tconorm (vD , v2 ).
(2)
Or, by using symbols:
[1 − c(vD , v2 )] · (vD ∧F v2 ) + c(vD , v2 ) · (vD ∨F v2 ). (3)
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Similarly, if the t-conorm is applied to the dominant attribute
value denoted by vD , and the contradiction between vD and v2
is c(vD , v2 ), then on the attribute value v2 is applied:
[1−c(vD , v2 )] · tconorm (vD , v2 )+c(vD , v2 ) · tnorm (vD , v2 ),
(4)
Or, by using symbols:
[1 − c(vD , v2 )] · (vD ∨F v2 ) + c(vD , v2 ) · (vD ∧F v2 ). (5)
The plithogenic neutrosophic intersection is defined as:
(a1 , a2 , a3 ) ∧P (b1 , b2 , b3 )


1
= a1 ∧F b1 , [(a2 ∧F b2 ) + (a2 ∨F b2 )], a3 ∨F b3 .
2
(6)
The plithogenic neutrosophic union is defined as:
(a1 , a2 , a3 ) ∨P (b1 , b2 , b3 )


1
= a1 ∨F b1 , [(a2 ∧F b2 ) + (a2 ∨F b2 )], a3 ∧F b3 .
2
(7)
In other words, concerning what applies to membership, the
opposite applies to non-membership, whereasile in indeterminacy, the average between them applies.
The plithogenic neutrosophic inclusion is defined as follows:
As the degrees of contradiction are c(a1 , a2 ) = c(a2 , a3 ) =
c(b1 , b2 ) = c(b2 , b3 ) = 0.5, it applies a2 ≥ [1 − c(a1 , a2 )]b2 or
a2 ≥ (1 − 0.5)b2 or a2 ≥ 0.5b2 , while c(a1 , a3 ) = c(b1 , b3 ) =
1.
Having a1 ≤ b1 , the opposite is fulfilled for a3 ≥ b3 ; hence
(a1 , a2 , a3 ) ≤P (b1 , b2 , b3 ) if and only if a1 ≤ b1 , a2 ≥ 0.5b2 ,
and a3 ≥ b3 .
2.2

SWOT Analysis

The SWOT analysis is a methodology for studying the situation
of a company or a project by analyzing its internal characteristics (weaknesses and strengths) and its external situation
(threats and opportunities) in a matrix [9,10].
The analysis consists of four steps:
1. External analysis,
2. Internal analysis,
3. Preparation of the SWOT matrix,

4. Determination of the strategy to be used.
The organization does not exist and cannot exist outside the
environment that surrounds it, and thus, external analysis allows
us to identify the opportunities and threats that the context
may present to an organization. These are the components
of external analysis. Opportunities are those positive factors
that are generated in the environment and that, once identified,
the institution can take advantage of. Threats are negative
situations, external to the program or project, that can attack it,
and hence, when appropriate, it may be necessary to design the
right strategy to circumvent them.
The internal elements to be analyzed during the SWOT analysis correspond to the strengths and weaknesses of the availability of capital resources, personnel, assets, product quality,
internal and market structure, and consumer perception, among
others. The internal analysis allows fixing the strengths and
weaknesses of the organization, carrying out a study that allows
understanding the quantity and quality of the resources and
processes with which the organization has.
Strengths are all internal and positive elements that differentiate the program or project from others of the same kind.
Weaknesses relate to all those elements, energy resources, skills,
and assets that the organization already has and that constitute
barriers to the good performance of the organization. Weaknesses are internal problems that once identified should be
eliminated using an appropriate strategy.
The four elements of the analysis were located in a matrix
and evaluated by experts. These results were aggregated using
percentages of the assessments. More details of this methodology can be found in [6,9,10,14,15].
The combination of strengths and opportunities gives rise to
potentialities, which indicate the most promising lines of action
for the organization. Limitations, determined by a combination of weaknesses and threats, pose a serious warning. Risks
(the combination of strengths and threats) and challenges (the
combination of weaknesses and opportunities), determined by
their corresponding combination of factors, will require careful
consideration when setting the course that the organization must
take toward the desirable future.

3.

Materials and Methods

This section describes the algorithm used to evaluate entrepreneurship competence in higher-education students. First,
to facilitate the evaluation of the aspects to be measured, two
tables relate linguistic terms to plithogenic numbers. These
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http://doi.org/10.5391/IJFIS.2021.21.3.280

plithogenic numbers consist of a vector of three components
(T, I, F ) such that T represents the degree of truthfulness of
what is claimed, I represents the degree of its accuracy, and
F represents the degree of its falsehood. T , I, and F are the
elements of the interval [0, 1]. Decision-makers make assessments using linguistic terms, which better express what they
want to say, and then numerical calculations are carried out with
the support of their associated plithogenic numbers. For this
reason, this paper uses two tables, Table 1, which associates linguistic evaluation terms with plithogenic numbers, and Table 2,
which associates linguistic terms of weight or importance with
plithogenic numbers [18].
Let us denote the set of specialists as eu (u = 1, 2, · · · , ne ).
u
u
Let us suppose that Eouk si , Etul si , Ew
, and Ew
are the evalj ok
j tl
uations assigned to the intersection of the kth opportunity with
the ith strength, the assessment assigned to the intersection of
the lth threat with the ith strength, the evaluation assigned to
the intersection of the jth weakness with the kth opportunity,
and the evaluation assigned to the intersection of the jth weakness with the lth threat, respectively, given by the uth specialist,
where i = 1, 2, · · · , ns , j = 1, 2, · · · , nw , k = 1, 2, · · · , no ,
and l = 1, 2, · · · , nt .
u
Additionally, ωsui , ωw
, ωouk , and ωtul denote the weights or
j
the importance of the ith strength, the jth weakness, the kth
opportunity, and the lth threat tofor achieveachieving the goal
that the students fulfill the entrepreneurship competence, respectively.
The algorithm designed is the following:
1. To select the group of specialists eu (u = 1, 2, · · · ,
ne ) who will assess the entrepreneurship competence or
in general any psycho-pedagogical competence or skill.
Any method of expert selection can be used for this purpose.
Table 1. Linguistic values associated with plithogenic numbers for
the evaluation of students’ competence
Language expression

Plithogenic number (T, I, F )

Very poor (VP)

(0.10, 0.75, 0.85)

Poor (P)

(0.25, 0.60, 0.80)

Medium poor (MP)

(0.40, 0.70, 0.50)

Medium (M)

(0.50, 0.40, 0.60)

Medium good (MG)

(0.65, 0.30, 0.45)

Good (G)

(0.80, 0.10, 0.30)

Very good (VG)

(0.95, 0.05, 0.05)

Adapted from Abdel-Basset et al. [18] with the permission of Elsevier.

www.ijfis.org

Table 2. Linguistic values associated with plithogenic numbers for
the evaluation of the weight of the criteria
Language expression

Plithogenic number (T, I, F )

Low significance (LS)

(0.10, 0.70, 0.80)

Equal significance (ES)

(0.30, 0.40, 0.80)

Robust significance (RS)

(0.50, 0.40, 0.60)

Very robust significance (VRS)

(0.70, 0.30, 0.10)

Absolute significance (AS)

(0.90, 0.10, 0.10)

Adapted from Abdel-Basset et al. [18] with the permission of Elsevier.

2. To determine the strengths (si , i = 1, 2, · · · , ns ), weaknesses (wj , j = 1, 2, · · · , nw ), opportunities (ok , k = 1,
2, · · · , no ), and threats (tl , l = 1, 2, · · · , nt ) of the organization to analyze entrepreneurship competence or other
competencies or skills.
3. Each eu evaluates the combinations Strength-Opportunity,
Strength-Threat, Weakness-Opportunity, and WeaknessThreat that organizations may satisfy concerning entrepreu
neurship competence; thus, Eouk si , Etul si , Ew
, and
j ok
u
Ewj tl are obtained.
In addition, they assess the weight or importance of
u
every aspect. Then, we have ωsui , ωw
, ωouk , and ωtul . In
j
this step, the Delphi method was applied.
For this, experts selected the linguistic terms listed
in Tables 1 and 2, and their corresponding plithogenic
numbers were used for evaluation. Suppose that Eouk si ,
u
u
u
Etul si , Ew
, Ew
, ωsui , ωw
, ωouk , and ωtul are given in
j ok
j tl
j
the form of plithogenic numbers.
4. To calculate the median of the plithogenic numbers for
each combination of Strength-Opportunity, Strength-Threat, Weakness-Opportunity, and Weakness-Threat, for all
specialists. The median was calculated using the following formula:
medianm
i=1 {P Ni } = (M T, M I, M F ) ,

(8)

where P Ni are m plithogenic numbers,
m
M T = medianm
i=1 {T (P Ni )}, M I = mediani=1 {I(P Ni )},

and M F = medianm
i=1 {F (P Ni )}. T (P Ni ) are their true
components, I(P Ni ) are their indeterminate components,
and F (P Ni ) are their falsehood components. In other
words, this equation means that we define the median of
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a set of plithogenic numbers as the plithogenic number
of the medians of their components.
We denote by Eok si , Etl si , Ewj ok , Ewj tl , ωsi , ωwj ,
ωok , and ωtl are the medians of these plithogenic numbers.

s
t
STU = ∨p ni=1
∨p nl=1
((ωtl ∧p ωsi ) ∧p Etl si ) .

W O = mean {W OL , W OU } ,

(11)

where W O denotes the aggregated value obtained in the
quadrant Weakness-Opportunity,

That is to say, we obtain:
e
e
Eok si = mediannu=1
{Eouk si }, Etl si = mediannu=1
{Etul si },

u
e
Ewj ok = mediannu=1
{Ew
},
j ok

w
o
W OL = ∧p nj=1
∧p nk=1
w
o
W OU = ∨p nj=1
∨p nk=1



ωwj ∧p ωok ∧p Ewj ok , and


ωwj ∧p ωok ∧p Ewj ok .

W T = mean {W TL , W TU } ,

n
o
u
e
and Ewj tl = mediannu=1
Ew
.
j tl

(12)

where W T denotes the aggregated value obtained in
quadrant Weakness-Threat,

And also:
n
o
 u
u
e
e
ωsi = mediannu=1
ωsi , ωwj = mediannu=1
ωw
,
j


e
e
ωok = mediannu=1
ωouk , and ωtl = mediannu=1
ωtul .
5. To design the SWOT matrix using the aggregated values
for all the specialists; i.e., Eok si , Etl si , Ewj ok , Ewj tl ,
ωsi , ωwj , ωok , and ωtl .
6. To calculate the aggregation of the values for every quadrant, Strength-Opportunity (SO), Strength-Threat (ST),
Weakness-Opportunity (WO), and Weakness-Threat (WT)
by using formulas (8), (9), (10), (11), and (12).
SO = mean {SOL , SOU } ,

(9)

where SO denotes the aggregated value obtained in the
quadrant Strength-Opportunity,
o
s
SOL = ∧p nk=1
∧p ni=1
((ωok ∧p ωsi ) ∧p Eok si ) ,
o
s
SOU = ∨p nk=1
∨p ni=1
((ωok ∧p ωsi ) ∧p Eok si ) ,

and ∧p is the plithogenic neutrosophic intersection based
on the minimum t-norm and the maximum t-conorm (see
Equations (6) and (7)), whereas ∨p is the plithogenic
neutrosophic union. Similar to the median, the mean of
the two plithogenic numbers is the plitogenic number of
the means of every component.
ST = mean {STL , STU } ,

(10)

where ST denotes the aggregated value obtained in the
quadrant Strength-Threat,
s
t
STL = ∧p ni=1
∧p nl=1
((ωtl ∧p ωsi ) ∧p Etl si ) , and

w
t
W TL = ∧p nj=1
∧p nl=1
w
t
W TU = ∨p nj=1
∨p nl=1



ωwj ∧p ωtl ∧p Ewj tl , and


ωwj ∧p ωtl ∧p Ewj tl .

7. To compare SO, ST , W O, and W T with the plithogenic
numbers in Table 1 by using Equation (13):
d(Q, T Vv ) =

q
(Q − T Vv ) · (Q − T Vv )0 ,

(13)

where Q denotes the plithogenic number in the quadrant,
T Vv is the plithogenic number of the vth member of
Table 1, T (·), I(·), and F (·) are their truth, indeterminate,
0
and falseness values, respectively, and is the matrix
transpose operator.
Thus, by fixing Q, we select vb = min7v=1 {d(Q, T Vv )},
and we evaluate Q with the vbth linguistic term in Table 1.
Hence, the linguistic evaluation of SO is utilized to assess the potentialities, ST the risks, W O the challenges,
and W T the limitations.
8. To compare the relationships among the quadrants, we
use the following formula to fuzzify a neutrosophic number [18]:
S([T, I, F ]) =

2+T −I −F
.
3

(14)

Then, calculate vD = S(SO), v1 = S(ST ), v2 =
S(W O), and v3 = S(W T ). As can be seen, we recommend selecting the SO as the dominant attribute value.
9. To define the attribute value contradiction degree function
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cF , we recommend the following a priori values:
c(SO, ST ) = 0.5, c(SO, W O) = 0.5, and
c(SO, W T ) = 1.
Any other attribute value contradiction degree function can be defined up to the specialists’ interests.
10. To apply Formula (3) for every pair, viz. vD and v1 , vD
and v2 , vD and v3 .
These results are interpreted as follows:
I) If the value is > 0.5 we say that the truth-value
representing SO and vp (p = 1, 2, 3) is “sufficiently
high”, and:
(i) The institution has to face “sufficiently high”
potentialities and risks if p = 1.
(ii) The institution has to face “sufficiently high”
potentialities and challenges if p = 2.
(iii) The institution has to face “sufficiently high”
potentialities and limitations if p = 3.
II) If the value is = 0.5 we say that the truth-value
representing SO and vp (p = 1, 2, 3) is “as high as
low”, and:
(i) The institution has to face “as high as low”
potentialities and risks if p = 1.
(ii) The institution has to face “as high as low”
potentialities and challenges if p = 2.
(iii) The institution has to face “as high as low”
potentialities and limitations if p = 3.
III) If the value is < 0.5 we say that the truth-value
representing SO and vp (p = 1, 2, 3) is “sufficiently
low”, and:
(i) The institution has to face “sufficiently low”
potentialities and risks if p = 1.
(ii) The institution has to face “sufficiently low”
potentialities and challenges if p = 2.
(iii) The institution has to face “sufficiently low”
potentialities and limitations if p = 3.
Figure 1 summarizes the steps of this algorithm.
From the points listed below, it can be inferred that the use
of a model based on plithogenic numbers is acceptable for
measuring entrepreneurship competence:
www.ijfis.org

Figure 1. Scheme of the proposed algorithm.
1. The measurement scale using linguistic terms associated
with plithogenic numbers has been effectively applied
in other similar problems to measure situations where
humans express opinions, see [18].
2. Plithogenic numbers explicitly take into account the indeterminacy symbolized the component I. This component
does not exist in fuzzy theory and is limited to the intuitionistic fuzzy set theory. This is inherited from the
neutrosophy set theory which allows us to express some
kinds of knowledge and information that exists in the social sciences; for example, paradoxes can be represented
by the triple (1, I, 1), where the proposition is both true
and false; the property t + i + f < 1 indicates that
there is incomplete information, whereas t + i + f > 1
indicates contradictory information. This flexibility to
express these states of knowledge is not possible by using
fuzzy logic or intuitionistic fuzzy logic [19].
3. Operations with plithogenic numbers correspond to the
so-called Zimmermann’s Compensatory AND [20]. This
author experimentally demonstrated that formula (2) corresponds more adequately with the way humans aggregate AND, when compared with the t-norm.
4. The specialists surveyed at the University of Guayaquil
were satisfied with the model and its results. It is necessary to apply it successfully to a greater number of
problems to ensure the validity of this model.
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4.

Case Study of the Students at the University
of Guayaquil

In this section, we discuss the case study at the University of
Guayaquil. To provide greater objectivity to this feasibility
analysis in the application of a strategy for the development of
entrepreneurship competence in the students of the University
of Guayaquil, the authors assume that actions cannot defect to
their factual contextualization.
Thus, we selected 11 specialists from the University of Guayaquil, who knows well the characteristics of the students of this
university, to assess these students on entrepreneurship competence, according to the following aspects:
The aspects of the external analysis in terms of opportunities
are as follows:
O1. The social demand is characterized by requiring from university students that they were entrepreneurs and have a
good development in lateral thinking.
O2. The Eeconomic Mmodel inferred by the Ecuadorian legal
system advocates a change of the productive matrix.
The analyzed threat aspects are the following:
T1. There is a lack of formative intentionality of the curriculum
system that difficult the development of entrepreneurship
competence in the students of the University of Guayaquil.
T2. There is no implementation of competency training in the
Ecuadorian educational system and especially in university
education.
The aspects of the internal analysis regarding weaknesses are
as follows:
W1. There is insufficient planning, organization, execution,
and control of research projects.
W2. There is poor interpretation and understanding of social
reality and the environment where students live and grow
up.
W3. There are very few opportunities to establish judgments
and reasoning in the comprehensive general culture from
the knowledge, skills, and values of the students.
W4. There is underdevelopment of creativity from the teachinglearning process, it appeals to reproductive strategies of
the acquired knowledge, which diminishes their initiatives.

W5. There is poor progress of critical and lateral thinking, low
holistic understanding of the social environment and its
demands.
W6. There is a meager development of resilience in confronting
academic problems by students, revealed in interviews,
curriculum analysis, and spaces for reflection and debate.
W7. There is underdevelopment of the value responsibility in
the student, for the teaching and extra-docent tasks.
W8. The preponderance of social interest, equity, and respect
for differences by students in working in groups within
the class is not significant.
W9. There is insufficient perception of the value of nature, sustainable development, and environmental care by students.
The aspects of the internal analysis in terms of strengths are
the following:
S1. There is an adequate learning development of technical
knowledge, skills, and values in students.
S2. There is a good use of tools and technologies for information management.
S3. There is a high willingness to leadership and decisionmaking, from the training processes.
S4. There is an excellent performance in the team work, which
is evidenced in the appropriation and collaboration to obtain knowledge.
S5. Students’ optimism about their professional future and
prospects for employability is valued as good.
Among the consulted specialists, there are managers such
as deans of faculties, specialists in human resources, and prestigious professors within the institution. Each of them used
Tables 1 and 2 to provide their assessments based on linguistic
terms. The equivalent plithogenic numbers were determined for
each aspect to be evaluated.
The specialists assigned a weight to each of the measured
aspects of the matrix, according to the terms in Table 2, and then
they were aggregated with the median, using their plithogenic
numbers, which is reflected in Table 3.
Additionally, for each aspect to be measured, the median
of the plithogenic numbers corresponding to the evaluations
of all experts was calculated to obtain a unique value for each
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Table 3. Neutrosophic numbers obtained from calculating the median
of the weights evaluated by the specialists
Aspect to measure

Aggregated plithogenic
numbers of specialists

O1

(0.90, 0.10, 0.10)

O2

(0.90, 0.10, 0.10)

T1

(0.70, 0.30, 0.10)

T2

(0.70, 0.30, 0.10)

S1

(0.90, 0.10, 0.10)

S2

(0.70, 0.30, 0.10)

S3

(0.70, 0.30, 0.10)

S4

(0.70, 0.30, 0.10)

S5

(0.50, 0.40, 0.60)

W1

(0.70, 0.30, 0.10)

W2

(0.70, 0.30, 0.10)

W3

(0.90, 0.10, 0.10)

W4

(0.90, 0.10, 0.10)

W5

(0.70, 0.30, 0.10)

W6

(0.50, 0.40, 0.60)

W7

(0.70, 0.30, 0.10)

W8

(0.70, 0.30, 0.10)

W9

(0.70, 0.30, 0.10)

aspect. In Table 4, these results are represented in the form of
the aggregated plithogenic numbers.
To calculate the results of the aggregation by the four quadrants, namely SO, ST, WO, and WT, formulas (9), (10), (11),
and (12) are used, respectively. In this study, we do not differentiate any dominant aspect of these formulas.
Applying the results obtained from Tables 3 and 4, and Equations (6) and (7), we have
SO = mean {(0.50, 0.15527, 0.60), (0.90, 0.15527, 0.10)}
= (0.70, 0.15527, 0.35),
ST = mean {(0.25, 0.32305, 0.80), (0.65, 0.32305, 0.45)}
= (0.45, 0.32305, 0.625),
W O = mean {(0.25, 0.28748, 0.80), (0.80, 0.28748, 0.30)}

Equation (13) and step 7) of the algorithm, we can qualify both,
ST (with distance 0.095112) and WO (with distance 0.12564)
as “Medium”, whereas SO is “Good” (with distance 0.12472)
and WO is “Medium good” (with distance 0.012520).
To further deepen, the four plithogenic numbers are converted
into fuzzy values using Equation (14).
Thus, vD = S(SO) = 0.73158, v1 = S(ST ) = 0.50065,
v2 = S(W O) = 0.56251, and v3 = S(W T ) = 0.63751.
Then, we apply formula (3) with the t-norm and t-conorm
used, and we obtain the following results:
[1 − c(SO, ST )] · (SO ∧F ST ) + c(SO, ST ) · (SO ∨F ST )
= (1 − 0.5)min(0.73158, 0.50065)
+ 0.5max(0.73158, 0.50065) = 0.61611.
[1 − c(SO, W O)] · (SO ∧F W O)
+ c(SO, W O) · (SO ∨F W O) = 0.64704, and
[1 − c(SO, W T )] · (SO ∧F W T )
+ c(SO, W T ) · (SO ∨F W T ) = 0.73158.
Because these values are greater than 0.5, we can say that
there are “sufficiently high” potentialities and risks, “sufficiently
high” potentialities and challenges, and “sufficiently high” potentialities and limitations to achieve the goal of entrepreneurship competence.

5.

Discussion

Entrepreneurship competence is understood as a system of elements that interact with each other for the formation development of a student who should be able to self-regulate and
actively influence his/her formation, and in this way, they become professionals that today’s society needs.
One of the purposes of this research is to provide educators
with a rigorous logical-mathematical tool that allows them to
measure the situation of this competence or other abilities of
university students to improve their competence. Such a method
should have the following characteristics:
1. It is simple, preferably on a measuring scale that is easy
to use by specialists.

= (0.525, 0.28748, 0.55), and
W T = mean {(0.50, 0.28748, 0.60), (0.8, 0.28748, 0.3)}

2. It captures the complexity of the phenomenon that is
measured.

= (0.65, 0.28748, 0.45).
After consulting Table 1, we find that by similarity using
www.ijfis.org

3. It includes the uncertainty and imprecision of this type
of concept.
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Table 4. SWOT matrix of the aspects measured in the form of plithogenic numbers
Opportunities

No.
Strengths

Weaknesses

Threats

O1

O2

T1

T2

S1

(0.95, 0.05, 0.05)

(0.95, 0.05, 0.05)

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

S2

(0.95, 0.05, 0.05)

(0.95, 0.05, 0.05)

(0.50, 0.40, 0.60)

(0.50, 0.40, 0.60)

S3

(0.80, 0.10, 0.30)

(0.95, 0.05, 0.05)

(0.40, 0.70, 0.50)

(0.50, 0.40, 0.60)

S4

(0.80, 0.10, 0.30)

(0.80, 0.10, 0.30)

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

S5

(0.95, 0.05, 0.05)

(0.80, 0.10, 0.30)

(0.25, 0.60, 0.80)

(0.50, 0.40, 0.60)

W1

(0.25, 0.60, 0.80)

(0.50, 0.40, 0.60)

(0.80, 0.10, 0.30)

(0.65, 0.30, 0.45)

W2

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

(0.80, 0.10, 0.30)

(0.80, 0.10, 0.30)

W3

(0.80, 0.10, 0.30)

(0.80, 0.10, 0.30)

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

W4

(0.80, 0.10, 0.30)

(0.65, 0.30, 0.45)

(0.80, 0.10, 0.30)

(0.65, 0.30, 0.45)

W5

(0.65, 0.30, 0.45)

(0.80, 0.10, 0.30)

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

W6

(0.50, 0.40, 0.60)

(0.50, 0.40, 0.60)

(0.50, 0.40, 0.60)

(0.65, 0.30, 0.45)

W7

(0.50, 0.40, 0.60)

(0.50, 0.40, 0.60)

(0.80, 0.10, 0.30)

(0.80, 0.10, 0.30)

W8

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

W9

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

(0.65, 0.30, 0.45)

The designed method satisfied all of these characteristics. On
the one hand, experts must only evaluate based on a linguistic
scale that is very similar to the method of evaluation by any human being. This avoids biases when performing the assessment
and ensures greater coincidence between what the expert says
and what he/she wants to express. The final result of the method
is also given in the form of linguistic terms, allowing them to
be easily understood by managers, educators, and students.
On the other hand, the use of plithogenic numbers makes it
possible to model a competence that depends on many complex
aspects, such as the educational system, the state’s attention
to students, the social recognition of professionals, the economic system, the access to information, and the excellence
of universities where highly professional specialists are hired.
Plithogeny is a novel theory that allows modeling complex
systems obtained from the interaction, sometimes nonlinear,
among simpler components, not necessarily free of contradictions, to obtain a new element. Plithogenic numbers based on
neutrosophy contain within their definition not only the uncertainty of other logics but also the indeterminacy that is part of
neutrosophy.
In this method, plithogenic numbers are hybridized with
SWOT analysis, which permits the precise determination of
tactics and strategies to follow to improve the situation of this
or other pedagogical competence.
A complex system is composed of interrelated parts that

exhibit non-evident properties and behaviors from the sum of
the individual parts. The characteristics of complex systems
(such as interdependence, diversity, and adaptability of agents)
challenge the basic assumptions of traditional theories.
Complex phenomena are characterized by interactions in the
form of nonlinear and sometimes chaotic dynamics of simpler
elements. The plithogenic theory aims to model this type of
phenomenon, which is deduced from its definition. Rarely,
complex phenomena can be logically evaluated with a logic
that expresses a 100% of truthfulness, which is why uncertainty
models such as probabilistic models or those based on fuzzy
logic or its generalizations (intuitionistic fuzzy logic or neutrosophic logic), are needed. Furthermore, plithogenic logic
generalizes the aforementioned logic and allows us to model
the interactions of more than one idea, theory, concept, etc.
Apart from this, plithogenic theory allows us to model confused, unknown, incomplete, paradoxical, incoherent, and contradictory ideas or situations, which is what is called imprecision. This imprecision can be represented numerically and
symbolically by symbol I, which is not possible with other
logic. The most approached theory to plithogenic logic is neutrosophic logic, which only allows us to model the dynamic
interaction between the truthfulness, neutrality, and falsity of
a single concept, whereas plithogeny generalizes it to the interaction between different concepts, ideas, theories, and so
on.
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In addition, the SWOT method with its four components
also permits a simple approach to the complexity of a social
situation; for example, in pedagogical sciences, it has been used
in problems as dissimilar as can be consulted in [21–24].
Comparing this method with the classical crisp SWOT analysis, we find that the latter method is the simpler one; however,
it does not take into account the uncertainty or imprecision of
the assessment. Moreover, because we are modeling with logical propositions, the way to evaluate the components of each
quadrant can be made by assessing some specifically logical
propositions; for example, instead of using elements in Equation (9), we can use other more complex equations, but which
are more interesting, as follows:
o
s
SOL = ∧p nk=1
∧p ni=1
((ωok ∧p Eok ) ∧p (ωsi ∧p Esi )) ,
o
s
SOU = ∨p nk=1
∨p ni=1
((ωok ∧p Eok ) ∧p (ωsi ∧p Esi )) ,

where Eok si is divided into Eok to evaluate the kth opportunity
ok , and Esi denotes the evaluation of the ith strength. With
this formula, experts do not have to provide only one value for
measuring two different aspects.
Future analysis of the limitations of the method is to analyze
Equations (9), (10), (11), and (12) to find other ways to measure
each quadrant that isare more effective than those used. It
is worth noting that the applied formulas are based on the
deneutrosophication [25], of an interval where the extremes are
the sums of the sum, as shown in Equation (15).
λ([a, b]) =

a+b
.
2

(15)

In future work, the authors propose to apply the method in
other case studies of entrepreneurship competence and other
skills to further validate the method. We propose to enrich the
method by including the Delphi method (see, for example [26])
hybridized with the SWOT analysis for expert evaluation.

6.

Conclusion

plythogenic theory, and thus, it includes the uncertainty and
imprecision typical of every complex phenomenon of social
sciences. To the best of our knowledge, this is the first time that
plithogeny is applied in a pedagogical study of any competence
or skill.
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