
Neutrosophic Sets and Systems 

{Special Issue: Social Neutrosophy in Latin America}, Vol. 34, 2020 

 

V.M. Parrales Carvajal; M.T. Macías Valverde; R. Aguas Pután. A neutrosophic linguistic model for internal 

control evaluation to an Ecuadorian company 

169 

University of New Mexico  

 

A neutrosophic linguistic model for internal control 

evaluation to an Ecuadorian Company 

Víctor Martin Parrales Carvajal1, Mishelly Teresa Macías Valverde2, and Roberto Aguas Pután3 

 

1Professor, Universidad Autónoma de Los Andes, Ecuador. E-mail: martinparrales21@hotmail.com 
2 Professor, Universidad Autónoma de Los Andes, Ecuador. E-mail: cb.mishellytmv65@uniandes.edu.ec 

3 Professor, Universidad Regional Autónoma de Los Andes, Ecuador. E-mail: raguas.00@hotmail.com 

 

 

Abstract. The internal control of a company is essential to evaluate the performance of the institution during a certain 

period of time, which allows taking the necessary measures to correct in advance the mistakes that are being made or 

to enhance the positive practices within the company. In this paper we propose to evaluate the Commercial Company 

Manolo's located in the city of Babahoyo, Ecuador, regarding the aspects measured in the internal control. For this, we 

use the neutrosophic 2-tuples method. This method is a part of the Computing with Word (CWW) that is distinguished 

by performing calculations on words rather than numbers and is an easier and more natural way to evaluate by experts. 

The inclusion of neutrosophy allows for greater accuracy of the results, since the calculations incorporate 

indeterminacy. Three experts evaluated the internal control for this investigation. 
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1 Introduction 

There exist several concepts and theories of control, for Munch: “control is the phase of the administrative 
process through which the standards are established to measure the results obtained in order to correct deviations, 

prevent them and continuously improve the performance of the company”, see [1, 2]. 

Also he explains: “The control is of vital importance as it serves to verify the effectiveness of the management, 
promotes quality assurance, allows the protection of the assets of the company, guarantees the fulfillment of the 

plans, set out measures to prevent errors and reduce cost and time. With this, the causes of deviations are detected 
and analyzed, in order to avoid repeating them, is the foundation for the planning process”, see [2]. 

According to Estupiñán ([3]): “internal control is a process carried out by the board of directors, management 
and staff of the entity, designed to provide reasonable security with a view to achieving objectives in the area of 

internal control.” 
Internal control has as its purposes the following: 

1. Effectiveness and efficiency of operations.- Supports the basic objectives of the company, including 
performance goals profitability and resource safeguarding. 

2. Reliability of financial information.- Relates to the preparation and publication of trustworthy financial 
statements, including interim and summary financial statements and financial information derived from 

statements such as publicly reported distribution gains. 
3. Compliance with applicable laws and regulations.- Ensures compliance with the laws and regulations to 

which the company is subject. Internal control includes the organizational plan and all coordinated 
methods and measures taken within an enterprise to safeguard its assets, to verify the accuracy and veracity 

of accounting data. 

Paz in [4], details that the internal control system are appropriate policies and procedures that generate the 
administration of a company to help achieving one of the objectives of each company to affirm, as much as 

possible, as the person in charge of carrying out everything about its business, including all kinds of administration 
policies, asset protection, as well as to avoid fraud and error, the accuracy of most accounting records, and a timely 

preparation of accounting information. 
Some authors emphasize that internal control in companies is of vital importance for the optimization and 

growth of the business, both in the administrative and in the operation; thus benefiting from the shareholders to 
the client itself, since it will have a degree of confidence over the company and will prevail over time generating 

profits and internal growth in the entity, see [5]. 
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Reyes in ([6]) also indicates that one of the most obvious reasons for the importance of control is because even 
the best of plans can be derived. The control is used to: 

 Create better quality: process failures are detected and process. 

 Remove errors. 
 Facing change, this is an inescapable part of the environment of any organization. 

The contribution of this research project is to inform to the manager of the commercial Manolo's on the 
knowledge of the activities and operations of its business, through the evaluation of the internal control and 

application of the COSO II method with their respective components, which are, viz., control environment, risk 
assessment, control activities, information and communication, monitoring controls, to obtain the complete, timely 

information and knowledge of the current situation of the company, see [1]. 
To meet this objective, a neutrosophic linguistic model is used, in particular the 2-tuples linguistic model ([7, 

8]). This model is part of the Computing with Word (CWW), see [9-12], which allows calculation based on 
linguistic rather than numerical terms ([13]), which is a more natural way to evaluate by experts. The inclusion of 

neutrosophy ([14-16]) brings more accuracy to the model, because it also takes into account the indeterminacy of 
the evaluations, see [17]. In addition, as part of the method there exists a numerical term in the range [-0.5, 0.5) 

that measures the accuracy of the indexes of the linguistic values defined in the scale. 
After conducting a search on the application of neutrosophic methods to measure the state of internal control 

in a company, the authors of this paper did not find any approach in this regard. For this reason, this paper could 
be considered the first neutrosophic measurement of internal control. 

Within the review carried out by us it was found that there exist mathematical methods and techniques to 

measure the state of the internal control. In [18] a methodology is designed to guide the internal control of small 
companies with respect to risks, for this end they define some economic indices that allow measuring them by 

decision makers. In [19] a method is proposed to perform internal control based on statistics, specifically linear 
regression. Ge and Koester in [20] also use statistical and econometric methods for this purpose. 

In [21] a reference is made to the Chinese Internal Control Index IC_INDEX, which is used to measure the 
quality of internal control in the Chinese companies, which is constructed using the Analytic Hierarchy Process 

(AHP) technique. That article studies the relationship between the internal control of the company and the risk of 
a crash in the stock market, where statistical methods are applied. A similar method for the same purpose can be 

found in [22]. 
In general, the AHP technique is recurrent to resolve this problem, to obtain weights that measure the 

importance of the criteria used in internal control. Wu in [23] proposes an internal control measurement system in 
manufacturing companies, where the AHP-fuzzy method is applied, with the intention of trapping the uncertainty 

using fuzzy logic, specifically for this type of company. Also Zhang in [24] uses this technique applied in 
administrative institutions.In [25] the uncertainty is also captured by measuring in the fuzzy frame, using the fuzzy 

stratified evaluation method. 
In [26] mathematical programming is utilized for the validation of internal control mechanisms in local 

governments. In [27] the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) is proposed 
as part of a Decision Support System in internal control to select the best employees of the company. On the other 

hand, Petridis et al. in [28] select internal auditors based on the hybridization of TOPSIS with non-linear 

programming. 
All these techniques and methods could be generalized to the neutrosophic environment, where not only 

uncertainty is considered, but also the indeterminacy, which is typical of decision-making, achieving a modeling 
more in line with reality. In [29] a method is proposed to solve linear programming problems in a neutrosophic 

environment. Neutrosophic AHP was designed in [30]. The neutrosophic TOPSIS study can be found in [31]. In 
[32] a combination of AHP and TOPSIS is applied for solving a real-life problem. Giri et al. in [33] design a 

TOPSIS method to solve multicriteria decision problems based on trapezoidal interval neutrosophic numbers. 
Additionally, these methods can be automated with the support of toolboxes developed in Matlab ([34]) or the 

python programming language ([35]). 
Apart from the fact that the measurement proposed in this research is based on neutrosophic theory and 

therefore carries its characteristics, it also has the advantage that it is based on CWW, which is why specialists can 
assess using linguistic terms and not numerical ones, which is more understandable for both, the evaluators and 

the evaluated employees. 
This paper is divided as follows, the section of materials and methods describes the main definitions of the 2-

tuples method, and in addition to define the method we will follow in this paper to perform calculations. The 
section of Results is dedicated to describe the evaluation of the three experts on the internal control aspects of 

Manolo's company located in Babahoyo, Ecuador. Finally we give the conclusions. 

2 Materials and Methods 

Here we describe the main concepts related to linguistic models, especially 2-tuple linguistic representation. 
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2-tuple linguistic representation model aims to compute processes with words without loss of information. It 
is based on the concept of symbolic translation. 

Let S = {s0, s1, … , sg} be a set of linguistic terms and βϵ[0, g] a value in the granularity interval of S. 

 

Definition 1. ([8, 9])The Symbolic Translation of a linguistic termsi is a number valued in the interval [-0.5, 

0.5) which expresses the difference of information between a quantity of information expressed by the value βϵ 
[0, g], obtained in a symbolic operation and the nearest integer value, i ∈ {0, … , g} which indicates the index of 

the nearest linguistic label (si) in S. 
Based on this concept, a model for the representation of linguistic information is developed, which makes use 

of a pair of values or 2-tuples. This representation model defines a set of functions that facilitate operations on 2-
tuples. 

 

Definition 2. ([8, 9]) Let S = {s0 , s1 , … , sg} be a set of linguistic terms and βϵ[0, g] a value that represents the 

result of a symbolic operation, then the linguistic 2-tuple that expresses the information equivalent to β, is obtained 

using the following function: 

∆: [0, g] → S × [−0.5, 0.5) 

∆(β) = (si, α), such that {
si ,                    i = round(β)

α = β − i,        α ∈ [−0.5, 0.5)
(1) 

Where “round” is the usual rounding operator, si is the index label closest to β and α is the value of the symbolic 

translation. 

It should be noted that ∆−1: 〈S〉 → [0, g] is defined as ∆−1(si, α) = i + α. Thus, a linguistic 2-tuple 〈S〉is 
identified with its numeric value in [0, g]. 

In [17] the concept of 2-Tuple Linguistic Neutrosophic Number (2TLNN) is proposed to solve problems based 
on Single-Valued Neutrosophic Sets and 2-tuples linguistic sets (2TLSs). 

A 2TLNN is defined as follows [17]: 

Suppose that S = {s0, … , sg} is a 2TLSs with odd cardinality t+1. It is defined for (sT, a), (sI, b), (sF, c)  ∈  L 

and a, b, c [0, t], where (sT, a), (sI, b), (sF, c)  ∈  L independently express the degree of truthfulness, 
indeterminacy, and falsehood by 2TLSs, then 2TLNN is defined as follows: 

lj = {(sTj
, a), (sIj

, b), (sFj
, c)}(2) 

Where 0 ≤ ∆−1(sTj
, a) ≤ t, 0 ≤ ∆−1(sIj

, b) ≤ t,0 ≤ ∆−1(sFj
, c) ≤ t, and0 ≤ ∆−1 (sTj

, a) + ∆−1 (sIj
, b) +

∆−1(sFj
, c) ≤ 3t. 

The score and accuracy functions allow us to rank 2TLNN [17]. Letl1 = {(sT1
, a), (sI1

, b), (sF1
, c)}be a 2TLNN 

in L, the score and accuracy functions in l1are defined as follows, respectively: 

𝑆(l1)=∆{
2t+∆−1(sT1

,a)−∆−1(sI1
,b)−∆−1(sF1

,c)

3
},  ∆−1(𝑆(l1)) ∈ [0, t](3) 

H(l1)=∆{
t+∆−1(sT1

,a)−∆−1(sF1
,c)

2
},  ∆−1(H(l1)) ∈ [0, t](4) 

 

Definition 3.Given a 2TLNN, lj = 〈(sTj
, aj) , (sIj

, bj) , (sFj
, cj)〉 (j = 1, 2,…, n) with vector of weights wi =

(w1, w2, … , wn)T which satisfies the conditions wi ∈ [0, 1] and ∑ wi
n
i=1 = 1, then the following two aggregation 

operators are defined, which are the Linguistic Neutrosophic Number-weighted arithmetic averaging (LNNWAA) 

and the Linguistic Neutrosophic Number-weighted geometric averaging (LNNWGA), respectively, [36]: 

LNNWAA(l1, l2, … , ln) =  ∑ wjlj
n
j=1 = 〈s

t−t ∏ (1−
Tj
t

)
wj

n
j=1

, s
t ∏ (

Ij
t

)
wj

n
j=1

, s
t ∏ (

Fj
t

)
wj

n
j=1

〉            (5) 

LNNWGA(l1, l2, … , ln) =  ∏ lj
wjn

j=1 = 〈s
t ∏ (

Tj
t

)
wj

n
j=1

, s
t−t ∏ (1−

Fj
t

)
wj

n
j=1

, s
t−t ∏ (1−

Fj
t

)
wj

n
j=1

〉     (6) 

WAO(l1, l2, … , ln) =  〈s∑ wjTj
n
j=1

, s∑ wjIj
n
j=1

, s∑ wjFj
n
j=1

〉                                                           (7) 

Given C = {c1 , c2 , … , cm} (m ≥ 2), a number of criteria and K = {k1 , k2, … , kn} (n≥2) denoting n experts, then 

a decision-making problem is defined as follows: 

1. Experts K = {k1, k2, … , kn} (n ≥ 2) are selected to assess internal control in Manolo’s company. 

2. Specify the scale of linguistic terms that will be used for evaluating. 

3. Aggregate the result for each criterion for all experts, using Equation 7 with weights fixed as 1/n. 

4. Aggregate the precedent results for all criteria, using Equation 7 with weights fixed as 1/m. 

5. Either the score or the accuracy functions are applied to evaluate the results, obtaining a unique 2-tuple 

value. 
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3 Results 

This section is devoted to expose experts’ evaluations and calculations about the internal control in the 

commercial Manolo’s. We use the criteria recommended in the Committee of Sponsoring Organizations of the 
Treadway Commission (COSO), see [37]. These are five agencies initiative to improve internal control within 

organizations. 
According to the COSO framework, internal control consists of five interrelated components; these will derive 

from the way in which the directorate manages the enterprise and will be integrated into the management process. 
The components are the same for all organizations (public or private) and the implementation of each of them 

depends on its size. 
The components are the following: 

6. Control Environment. 
7. Risk Assessment. 

8. Control Activities. 
9. Information and Communication. 

10. Monitoring Controls. 

A brief explanation of every one of them is the following: 
Control Environment: The control environment or environment is the basis of the internal control pyramid, 

providing discipline to the structure. It supports the remaining components, so it is essential to establish the 
foundations of an effective and efficient internal control system. It sets the standard for the operation of the 

enterprise and influences the awareness of its managers. 
The factors to be considered within the Control Environment are: Integrity and Ethical Values, Capacity of the 

managers, Management Style, the Assignment of Authority and Responsibility, the Organizational Structure and, 
Policies and Practices used by the personnel. 

Risk Assessment: Each enterprise faces various internal and external risks that must be evaluated. A 
precondition to the Risk Assessment is the identification of the objectives at the different levels, which must be 

linked to each other. 
The Risk Assessment consists of the identification and analysis of the risks, which are relevant to the 

achievement of the objectives, and serves as a basis to determine how they should be managed. In turn, given the 
permanent changes in the environment, it will be necessary for the enterprise to have mechanisms to identify and 

address the risks associated with the change. 
The evaluation should analyze which objectives in the area have been appropriately defined, if they are 

consistent with the institutional objectives, if they were duly communicated, if the risks were detected and analyzed 

properly, and if they have been classified according to the relevance and probability of occurrence. 
Control Activities: The control activities are the policies, procedures, techniques, practices and mechanisms 

that allow management to manage (mitigate) the risks identified during the Risk Assessment process and ensure 
that the guidelines established by it are carried out. 

The Control Activities are carried out at all levels of the enterprise and at each stage of the management, based 
on the development of a Risk Map, as indicated in the previous point. 

In the evaluation of the Internal Control System, it should not only be considered if the activities relevant to 
the identified risks were established, but also if they are applied in real life and if the results obtained were as 

expected. 
Information and communication: The relevant information must be identified, collected and disseminated in a 

timely manner that allows each manager to fulfil his or her responsibilities in charge. There must be effective 
communication - in a broad sense - that flows in all directions across all areas of the enterprise, in descending and 

ascending ways. 
Management must clearly communicate the responsibilities of each manager within the Internal Control 

System implemented. Managers have to understand their role in the Internal Control System and how individual 
activities are related to the work of the rest. 

Monitoring Controls: Internal Control Systems require - mainly - Supervision, that is, a process that verifies 
the validity of the Control System over time. This is achieved through continuous monitoring activities, periodic 

evaluations or a combination of both. 

In our investigation for evaluating the five precedent aspects, three experts were hired for assessing the 
commercial Manolo´s, they are identified with the notation ki for i = 1, 2, 3. The linguistic scale used for evaluating 

is S = {s0 = “Very bad”, s1 = “Bad”, s2 = “More or less”, s3 = “Good”, s4 = “Very good”}, and the criteria are 
denoted as follows: 

C1: Control Environment. 
C2: Risk Assessment. 

C3: Control Activities. 
C4: Information and Communication. 
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C5: Monitoring Controls. 
We asked experts for both, how they evaluate and how they do not evaluate that Commercial Manolo´s satisfies 

C1, C2, C3, C4, and C5, as well as what is the linguistic term in S they cannot determine to evaluate this company. 
The answers can be seen in Table 1. 

 

Criterion/Expert E1 E2 E3 

C1 (s1, s0, s3) (s1, s2, s3) (s1, s0, s2) 

C2 (s1, s2, s3) (s1, s2, s3) (s1, s0, s2) 

C3 (s2, s3, s0) (s2, s1, s3) (s2, s3, s0) 

C4 (s0, s1, s2) (s1, s0, s2) (s1, s0, s3) 

C5 (s1, s0, s2) (s1, s0, s3) (s0, s1, s2) 

Table 1:Triple of evaluations by each expert on every criterion of the internal control. Each triple is composed by the truth member, the 

indeterminacy member and the false member, respectively.  

 

Let us note that  = 0 for each linguistic value in each triple of Table 1. 
The values of each criterion in Table 1 are aggregated using Equation 7, also we aggregate the linguistic values 

for all criteria; see Table 2. 
 

Criterion WAM 

C1 (<s1, 0>, <s1, -0.333>, <s3, -0.333>) 

C2 (<s1, 0>, <s1, 0.333>, <s3, -0.333>) 

C3 (<s2, 0>, <s2, 0.333>, <s1, 0>) 

C4 (<s1, -0.333>, <s0, 0.333>, <s2, 0.333>) 

C5 (<s1, -0.333>, <s0, 0.333>, <s2, 0.333>) 

Total (<s1, 0.2>, <s1, -0.2>, <s2, 0.2>) 

Table 2: Aggregation of the values in Table 1 according to Equation 7. Total results of aggregating the linguistic values for all criteria. 

 

Table 3 contains the results of applying the score function to linguistic values and the linguistic terms in S 

associated with them, applied to the values in Table 2. 
 

Criterion s Linguistic term 

C1 <s2, -0.11130> “More or less” 

C2 <s2, -0.33330> “More or less” 

C3 <s2, 0.22230> “More or less” 

C4 <s2, 0.0003> “More or less” 

C5 <s2, 0.0003> “More or less” 

Total <s2, 0.0667> “More or less” 

Table 3: Score function evaluating the linguistic values in Table 2 and the linguistic terms associated with them.  

 

According to Table 3 the evaluation of the enterprise is “More or less”, for each criterion and in the general 
assessment. 

Despite the fact that the situation of the company is not bad, in general in the face of these evaluations any 
company would take measures to improve the evaluations and to prevent them from getting worse, [38]. As all the 

criteria have the same evaluation, one way to improve them all would be by reinforcing the Control Environment, 
which is the base of all the others. It is necessary to identify the strengths and weaknesses of the management style 

that is being carried out. 
Firstly, the strengths and weaknesses of the formal organization of the company must be identified, which is 

the space where the duties and rights of each worker are defined, as well as the object of their work. We have to 

investigate what is the managers and their subordinates’ behavior in the workplace, if each of them ethically 
complies with what they should do from their job. 

A deeper approach takes place when analyzing informal relationships between workers who work together, 
when we analyze what are the personal relationships among the subordinates, and among the subordinates with 

their bosses, if it is necessary to create more communication or on the contrary, if it is necessary for the manager 
to be more authoritative and determined with its subordinates. The top managers of the company must be able to 

carry out this study at all hierarchical levels of the enterprise. For this purpose, they can use surveys applied to 
workers and managers. 
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A second phase consists on determining what changes should be made to improve management within the 
company, determining where to relocate each worker, preferably considering more than one possibility for each 

one of them, with the idea of avoiding impositions. 

The third phase would be the implementation of those changes. First of all, it is necessary to create conscience 
among workers about the need for change and the proposals studied would be suggested to them. In multiple 

organized assemblies, the opinions of workers and managers on the change proposed for each of them would be 
collected. With the studied ideas and opinions a final decision is made, which would be communicated to the 

workers and a change plan would be made for each one of them. 
It is imperative that once this process begins, when hiring a new worker or changing the job to one already 

hired, including managers, that they go through a probationary period of proficiency in the job, where the skills 
shown are measured about their performances in the workplace, its comprehensiveness, its adaptability to changing 

conditions, and its relationship with the other members of the organization, both formally and informally. 
All these steps will result in a management style that, if successful, will positively influence other aspects. An 

important point to keep in mind is that this process must be understood as dynamic and changing over time, in no 
way it should be rigid and immovable. It must be possible to change what does not work for the good of the 

organization, and at the same time it must maintain and reinforce what empowers the organization. 
These changes must be considered in an integral way within the company, from the material working 

conditions as the subjective attitudes of the workers within the organization. A more effective way is to train 
managers in management techniques. 

Let us emphasize that each company in the real-life may solve this situation in a different way, the strategy we 

outlined above corresponds to an ideal and applicable way of improving the management style. 

Conclusion 

This paper was dedicated to evaluate the internal control in the commercial Manolo’s situated in Babahoyo, 
Ecuador. Three experts were hired to give their opinion according to the five criteria recommended by COSO. We 

used linguistic terms because it is an easier way to evaluate, particularly the linguistic scale S = {“Very bad”, 
“Bad”, “More or less”, “Good”, “Very good”} is used. The results was processed utilizing the neutrosophic 

linguistic model of 2-tuple, which provides the results of accuracy and a linguistic approach. We conclude that 
each criterion is evaluated as “More or less”, and the conjoint evaluation is “More or less” as well, which is a not 

satisfactory result; therefore, executives of the enterprise must improve the performance in every one of these 
aspects. 

Although this paper met the stated goal of solving a real-life practical problem, it also demonstrates that the 
used method is effective. We based on the fact that the administration of the company received the evaluation 

result in an understandable way, which would have been less clear if some traditional method such as TOPSIS, 
AHP or another one based on numerical results had been used and not based on linguistic terms such as the one 

applied in this paper. However, future research does not rule out combining the traditional methods mentioned 
above with linguistic ones. More specifically, to study the result of the measurements taken at Manolo’s for 

improving its performance, it is proposed to apply this method another time, where the weighted average weights 
are calculated using the AHP technique. 
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