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Abstract. Social Science deals with the study of phenomena related to the social status of human beings. The importance of such 

sciences lies in the fact that they make it possible to know, predict, modify and improve the functioning of human societies today. 

Due to the great complexity of modern societies, it is virtually impossible to have accurate data or knowledge about any 

contemporary society. That is why neutrosophic theory is suitable for representing and modeling the data from studies on any 
social sciences. They may contain data that is contradictory, incomplete, inaccurate, vague, and so on. In particular, neutrosophic 

statistics generalizes classical statistics to interval-valued data. Since classical statistics are of great importance for the study of 

Social Sciences, in this paper, we compile, define and illustrate some statistical methods typical of classical statistics generalized 

to neutrosophic statistics. We will emphasize the Legal Sciences in our approach.
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1 Introduction 

Social Sciences are a generic name for the disciplines or fields of knowledge that claim for themselves the 

condition of sciences, which analyze and treat different aspects of social groups and human beings in society, 

dealing with their material and immaterial manifestations [1]. According to the intention of the one who uses them, 

other convergent or differentiated names are those of human sciences or humanities (terms that are differentiated 

by diverse epistemological and methodological considerations). Different combinations of these terms are also 

used, such as Human and Social Science. Social Science studies the origin of individual and collective behavior, 

seeking to discover the social rules that determine them and are expressed in the set of human institutions and 

societies. 

In the classification of sciences, they are distinguished from the Natural Sciences and the Formal Sciences. 

They deal with the behavior and activities of humans, generally not studied in the Natural Sciences. The Social 

Sciences present methodological problems that do not appear in the Natural Sciences. Within the Natural Sciences, 

there is little discussion about what constitutes a Natural Science and what does not. However, in Social Sciences, 

there has historically been greater discussion about what genuinely constitutes a Social Science and what does not. 

Although they involve rational reasoning and discussion, some disciplines or social studies are not considered 

Social Sciences. 

In general, there is no reasonable agreement on which disciplines should be considered part of the Social 

Sciences and for the Natural Sciences, although the traditional division between them is doubtful in some cases. 

Thus, for example, if the study of the language had been considered almost universally a Social Science, the 

modern approach that started with the generative grammar of Noam Chomsky suggests that the language is not so 

much of the social interaction but should be seen as a part of psychology, or evolutionary biology, as in the 

operation of the languages and their temporal evolution of the consciousness of the speakers or their 

representations psychological not seem to play any role. For this reason, some authors consider that languages are 

a natural object that is generated spontaneously and not by the deliberate intention of human beings [2-5]. 

In general, and without being overly rigorous, the following disciplines have been considered examples of 

Social Sciences by a large number of authors: 

Sciences related to social interaction: Anthropology, History, Human Geography, Economics, Social 

Psychology, Sociology, and Political Science. 

Sciences related to the human cognitive system: Linguistics, Psychology. 

Sciences related to the evolution of societies: Archaeology, Demography, and Human Ecology. 

On the other hand, Neutrosophy studies the neutralities that are contained in the lack of knowledge, 
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contradictions, paradoxes, and imprecision, among others. Neutrosophic sets generalize fuzzy sets, and fuzzy 

intuitionist sets, among others, [6]. This theory has been applied in many real-life problems. 

An approach of Neutrosophy to sociology is Neutrosophic Sociology (or Neutrosociology), which is the study 

of sociology using neutrosophic scientific methods [7]. The massive amount of social data we face in sociology is 

usually vague, incomplete, contradictory, hybrid, biased, ignorant, redundant, superfluous, meaningless, 

ambiguous, unclear, etc. 

That is why some neutrosophic research tools and methods should be involved, such as Neutrosophy (a new 

branch of philosophy), neutrosophic set, neutrosophic logic, neutrosophic probability, and neutrosophic statistics, 

neutrosophic analysis, neutrosophic measure, and so on. 

Specifically, Neutrosophic Statistics refers to a set of data and the methods used to analyze them when the data 

or at least a part of them are indeterminate to some degree [8]. In Classical Statistics, all data are determined; this 

is the main distinction between neutrosophic statistics and classical statistics. Some researches on Neutrosophic 

Statistics can be read in [9-17]. 

When indeterminacy is zero, neutrosophic statistics coincide with classical statistics. Therefore, we can use 

the neutrosophic measure for assessing indeterminate data. The neutrosophic statistical methods will enable us to 

interpret and organize data that may have some indeterminacies to reveal underlying patterns. 

The purpose of this paper is to compile, define and illustrate the use of neutrosophic statistics methods in Social 

Sciences because these disciplines often present imprecise, inconsistent, insufficient, and unknown data. 

Specifically, we will emphasize the field of Legal Sciences within the Social Sciences, where this type of data is 

very common, despite precise decisions that can affect people’s lives need to be made, hence its importance. Some 

papers on Neutrosophy applied to the Social and Legal Sciences can be found in [9, 18-24]. 

This article is divided into the following sections; section 2 exposes the main concepts of neutrosophic 

statistics. Section 3 contains the classical and neutrosophic statistical methods that we recommend applying and 

defining for Social Sciences, particularly in Legal Sciences. Finally, the paper ends with the conclusions. 

2 Neutrosophic Statistics 

This section contains some basic concepts of neutrosophic sets and neutrosophic statistics [25-46]. 

 

Definition 1: ([6]) Let X be a universe of discourse. Three membership functions characterize a Neutrosophic 

Set (NS), 𝑢𝐴(𝑥), 𝑟𝐴(𝑥), 𝑣𝐴(𝑥) ∶ 𝑋 → ] − 0, 1+[, which satisfy the condition −0 ≤ 𝑖𝑛𝑓 𝑢𝐴(𝑥) + 𝑖𝑛𝑓 𝑟𝐴(𝑥) +
𝑖𝑛𝑓 𝑣𝐴(𝑥) ≤ 𝑠𝑢𝑝 𝑢𝐴(𝑥) + 𝑠𝑢𝑝 𝑟𝐴(𝑥) + 𝑠𝑢𝑝 𝑣𝐴(𝑥) ≤ 3+   for all 𝑥𝑋. 𝑢𝐴(𝑥), 𝑟𝐴(𝑥) and 𝑣𝐴(𝑥) are the membership 

functions of truthfulness, indeterminacy, and falseness of x in A, respectively, and their images are standard or 

non-standard subsets of ] − 0, 1+[. 
Definition 2: ([6]) Let X be a universe of discourse. A Single-Valued Neutrosophic Set (SVNS) A on X is a 

set of the form: 

𝐴 =  {〈𝑥, 𝑢𝐴(𝑥), 𝑟𝐴(𝑥), 𝑣𝐴(𝑥)〉: 𝑥 ∈ 𝑋} 
 

(1) 

Where 𝑢𝐴, 𝑟𝐴, 𝑣𝐴 ∶ 𝑋 →  [0,1], satisfy the condition 0 ≤ 𝑢𝐴(𝑥) + 𝑟𝐴(𝑥) + 𝑣𝐴(𝑥) ≤  3  for all𝑥𝑋. 𝑢𝐴(𝑥), 𝑟𝐴(𝑥) 

and 𝑣𝐴(𝑥) denote the membership functions of truthfulness, indeterminate, and falseness of x in A, respectively. 

For convenience, a Single-Valued Neutrosophic Number (SVNN) will be expressed as 𝐴 =  (𝑎, 𝑏, 𝑐), where 

𝑎, 𝑏, 𝑐  [0,1] and satisfy 0 ≤  𝑎 +  𝑏 +  𝑐 ≤  3. 

Neutrosophic Statistics extends classical statistics such that we can deal with set values rather than crisp values 

[8]. 

Neutrosophic Descriptive Statistics is comprised of all techniques to summarize and describe the neutrosophic 

numerical data. 

Neutrosophic Inferential Statistics consists of methods that allow the generalization from a neutrosophic 

sampling to a population from which the sample was selected. 

Neutrosophic Data is the data that contains some indeterminacy. Similarly to classical statistics, it could be 

classified as: 

● Discrete neutrosophic data, if the values are isolated points. 

● Continuous neutrosophic data, if the values form one or more intervals. 

Another classification is the following:  

● Quantitative (numerical) neutrosophic data; for example, a number in the interval (we do not know 

exactly), 46, 53, 68, or 70, not knowing exactly; 

● Qualitative (categorical) neutrosophic data; for example: blue or red (we don’t know exactly), white, 

black or green, or yellow (not knowing exactly). 

The univariate neutrosophic data is neutrosophic data that consists of observations on a neutrosophic single 

attribute. 
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Multivariable neutrosophic data is neutrosophic data that consists of observations on two or more attributes. 

A Neutrosophic Statistical Number N has the form 𝑁 =  𝑑 + 𝐼, [47], where d is called determinate part and I 

is called indeterminate part. 

A Neutrosophic Frequency Distribution is a table showing the categories, frequencies, and relative frequencies 

with some indeterminacy. Most often, indeterminacies occur due to incomplete, imprecise, or unknown data 

related to frequency. As a consequence, relative frequency becomes imprecise, incomplete, or unknown too. 

Neutrosophic Survey Results are results from a survey that contains indeterminacy. 

A Neutrosophic Population is a population not well determined at the membership level where we are not sure 

if some individuals belong or do not belong to the population). 

A simple random neutrosophic sample of size n from a classical or neutrosophic population is a sample of n 

individuals such that at least one of them has some indeterminacy. 

A stratified random neutrosophic sampling is the pollster groups of the (classical or neutrosophic) population 

by a stratum according to a classification; afterward, the pollster takes a random sample of appropriate size 

according to a criterion from each group. If there is indeterminacy, we deal with neutrosophic sampling. 

Additionally, we describe concepts of interval calculus, which shall be useful in this paper. 

Given 𝑁1 = 𝑎1 + 𝑏1𝐼 and 𝑁2 = 𝑎2 + 𝑏2𝐼 two neutrosophic numbers, some operations between them are 

defined as follows, [47]: 

𝑁1 + 𝑁2 = 𝑎1 + 𝑎2 + (𝑏1 + 𝑏2)𝐼 (Addition), 

𝑁1 − 𝑁2 = 𝑎1 − 𝑎2 + (𝑏1 − 𝑏2)𝐼 (Difference), 

𝑁1 × 𝑁2 = 𝑎1𝑎2 + (𝑎1𝑏2 + 𝑏1𝑎2 + 𝑏1𝑏2)𝐼 (Product), 

𝑁1

𝑁2
=

𝑎1+𝑏1𝐼

𝑎2+𝑏2𝐼
=

𝑎1

𝑎2
+

𝑎2𝑏1−𝑎1𝑏2

𝑎2(𝑎2+𝑏2)
𝐼 (Division). 

Additionally, given 𝐼1  =  [𝑎1, 𝑏1] and 𝐼2  =  [𝑎2, 𝑏2] we have the following operations between them (see 

[48]): 

 

1. 𝐼1 ≤ 𝐼2 if and only if 𝑎1 ≤ 𝑎2 and 𝑏1 ≤ 𝑏2. 

2. 𝐼1 + 𝐼2  =  [𝑎1 + 𝑎2, 𝑏1 +  𝑏2] (Addition); 

3. 𝐼1 − 𝐼2  =  [𝑎1 − 𝑏2, 𝑏1 −  𝑎2] (Subtraction), 

4. 𝐼1 ∙ 𝐼2  =  [𝑚𝑖𝑛{𝑎1𝑏1, 𝑎1𝑏2, 𝑎2𝑏1, 𝑎2𝑏2}, 𝑚𝑎𝑥{𝑎1𝑏1, 𝑎1𝑏2, 𝑎2𝑏1, 𝑎2𝑏2}] (Product), 

5. 𝐼1/𝐼2  = 𝐼1(1/𝐼2)  =  {𝑎/𝑏: 𝑎𝐼1, 𝑏𝐼2}, always that 0I2 (Division). 

6. √𝐼 = [√𝑎, √𝑏], always that 𝑎 ≥ 0 (Square root). 

7.  𝐼𝑛 = 𝐼 ∙ 𝐼 ∙ ⋯ ∙ 𝐼 ∙ 𝐼⏟𝑛 𝑡𝑖𝑚𝑒𝑠 

3 Neutrosophic statistics applied in Social Sciences 

This section covers the neutrosophic statistics methods that can be used in Social Sciences. Especially, 

correlation methods like Contingency Tables, Pearson’s correlation coefficient, and Spearman’s correlation 

coefficient are introduced. 

3.1 Contingency Tables 

In classical statistics, contingency tables are used to record and analyze the relationship between two or more 

variables, usually of a qualitative nature (nominal or ordinal) [49]. This table is based on the frequency of cases 

that satisfy the characteristics that each cell in the table represents. However, in many cases, this frequency of 

cases cannot be defined with a single number due to differences of opinion among several experts in the Social 

Sciences. Some sciences are based on various theories, some of them can partially contradict each other, and 

therefore the cases that are studied may have different meanings depending on the theory that is applied. On the 

other hand, there may be unknown or unclassifiable cases, because there is insufficient data, one investigator 

classifies the case in one way, and another considers it in another, and so on. Therefore, instead of numerical 

frequencies, it is recommendable to perform the calculations with frequency intervals. 

A contingency table is important in the social sciences because it allows the representation of qualitative 

values, which are data widely used in this type of science. 

Definition 3: We define a neutrosophic contingency table as a contingency table such that at least one cell 

element is an interval rather than a crisp value. 

Let us note that when the range of the intervals contains the same limit values, it is a crisp value and the 
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neutrosophic contingency table becomes a classical contingency table. Additionally, according to the authors’ 

knowledge, the neutrosophic contingency table is defined for the first time here. 

The coefficient (also called quadratic contingency coefficient), on which the contingency coefficient is based, 

is a measure of the “intensity” of the relationship between the observed characteristics. In neutrosophic 

contingency tables, the same formula as in classical statistics is maintained, using the interval-valued operators of 

the quadratic contingency. This formula is the following: 

𝑁𝜒2

𝑛
=

1

𝑛
∑𝑘

𝑖=1 ∑𝑚
𝑗=1

(𝐼𝑖𝑗−
𝐼𝑖.𝐼.𝑗

𝑛
)

2

𝐼𝑖.𝐼.𝑗

𝑛

                                       (2) 

Where, 
𝑁𝜒2

𝑛
 is the neutrosophic mean quadratic contingency, 𝐼𝑖𝑗 is the interval value of the cell in the i-th row 

and the j-th column. 𝐼𝑖. is the sum for columns of the i-th row, 𝐼.𝑗 is the sum for rows of the jth column. n is the 

interval sampling size, while k is the number of rows and m is the number of columns of the table. 

The greater this measure, the more intense is the relationship between the two analyzed characteristics. If both 

characteristics (variables) are independent, then each of the summands is 0, as a result of which the numerator of 

the fraction is 0 and with it the measure itself as well. In the case of a 2x2 contingency table, the measurement is 

normalized and assumes values in the interval [0, 1]. 

𝑁𝜒2 can assume very large values in principle and is not limited to a subinterval of [0, 1]. To exclude the 

dependence of the contingency coefficient on the sample size, the contingency coefficient 𝑁𝐶 extends the 

contingency coefficient C. The case of interval values is calculated based on 𝑁𝜒2, based on the following formula: 

𝑁𝐶 = √
𝑁𝜒2

𝑁𝜒2+𝑛
                                       (3) 

Where n is the interval size of the sample. In this case, the division is defined as follows: 

𝐼1

𝐼2
= [

𝑎1

𝑏1
,

𝑎2

𝑏2
]                                       (4) 

An example is used below to illustrate the method: 

Example 1: 

Suppose that in Ecuadorian City X an average of 35 women’s rapes is reported during a year. This crime is 

highly sensitive because it involves psychological, social, moral, and family damage to the woman that is a victim 

of the crime. That is why some women do not report it and the crime goes unpunished, which gives the rapist 

confidence to continue committing it, and then it becomes a judicial problem for the city. Experts estimate that in 

reality, this crime rate must be 10% higher. They know by reference some women who have been raped and have 

not reported the incident to the police. In other cases, friends or relatives have reported the incident, but the woman 

has refused to give details of the incident out of shame and therefore, the prosecutor has not been able to do 

anything about it. 

Another important aspect has to do with the delivery of justice. Table 1 represents the neutrosophic 

contingency table that relates the number of rapes that occurred in the year 2020 in city X with the number of these 

crimes in which the guilty party has been punished. Unreported violations are included in this statistic, which of 

course is considered among the crimes that have gone unpunished. 
Rapes reported in one year\Outcome of 

legal proceedings 

Punished Not punished Total 

Reported [22, 24] [11, 13] [33, 37] 

Not reported [0, 0] [1, 9] [1, 9] 

Total [22, 24] [12, 22] [34, 46] 

Table 1. Neutrosophic contingency table representing denounced and non-denounced rapes against punished and not punished rapes in city 

X during 2020. 

 

See that the table considers the reported crimes in the form of intervals, this has to do with the fact that some 

reported crimes are still in the judicial phase. Therefore, there is also imprecision in the reported crimes; however, 

it has been decided to maintain this imprecision for greater accuracy. 

The obtained result is the following: 

𝑁𝜒2 = [1.8487, 137.2568] and 𝑁𝐶 = [0.22709, 0.89006] which indicates that the correlation of punished 

cases and reported cases can be from very correlated with C  0.89 to little correlated with C  0.23. 

3.2 Pearson’s correlation coefficient 

In classical statistics, Pearson’s correlation coefficient is a measure of the linear relationship between two 



Neutrosophic Sets and Systems {Special Issue: Impact of neutrosophic scientific publication in Latin American 

context}, Vol. 44, 2021 

Adrián A. Alvaracín J, David S. Proaño T, Salomón A Montecé G,Juan C. Arandia Z, Dante M. Macazana F. 

Neutrosophic Statistics applied in Social Sciences 

5 

quantitative random variables. Unlike covariance, Pearson’s correlation is independent of the measurement scale 

of the variables. 

Less formally, we can define the Pearson correlation coefficient as an index that can be used to measure the 

degree of relationship of two variables as long as both are quantitative. 

In the case that two random variables x and y are being studied on a population; the Pearson correlation 

coefficient is represented with the letter 𝜌𝑋𝑌, and the expression that allows us to calculate it is [49]: 

𝜌𝑋𝑌 =
𝜎𝑋𝑌

𝜎𝑋𝜎𝑌
=

𝐸[(𝑋−𝜇𝑋)(𝑌−𝜇𝑌)]

𝜎𝑋𝜎𝑌
                                       (5) 

Where: 

● 𝜎𝑋𝑌 is the covariance of (𝑋, 𝑌), 
● 𝜎𝑋 is the standard deviation of variable X, 

● 𝜎𝑌 is the standard deviation of variable Y. 

Similarly, we can calculate this coefficient on a sample statistic, denoted as 𝑟𝑥𝑦: 

𝑟𝑥𝑦 =
∑ 𝑥𝑖𝑦𝑖−𝑛𝑥𝑦

𝑛𝑠𝑋𝑠𝑌
                                       (6) 

In both formulas, Equation 4 of the division is used. Formulas 5 and 6 are converted into neutrosophic 

equations when the data (𝑋, 𝑌) or {(𝑥𝑖, 𝑦𝑖)} are intervals more than crisp values, respectively. Let us denote the 

generalizations of formulas 5 and 6 to the neutrosophic framework by 𝑁𝜌𝑋𝑌 (which we will call neutrosophic 

Pearson’ correlation coefficient) and 𝑁𝑟𝑥𝑦, respectively. The explanation for using interval data instead of crisp 

data is the same as in the previous subsection. 

The value of 𝑁𝑟𝑥𝑦 is a subinterval of [-1, 1]: 

● If 1 ∈  𝑁𝑟𝑥𝑦, there are cases with a perfect positive correlation. The index designates a total dependence 

between the two variables called a direct relationship: when one of them increases, the other also increases in 

constant proportion. 

● If (0, 1) ⊆ 𝑁𝑟𝑥𝑦, there is a positive correlation. 

● If 0 ∈  𝑁𝑟𝑥𝑦, there are cases where there is no linear relationship. But this does not necessarily imply that the 

variables are independent: there may still be nonlinear relationships between the two variables. 

● If (−1, 0) ⊆ 𝑁𝑟𝑥𝑦, there is a negative correlation. 

● If −1 ∈  𝑁𝑟𝑥𝑦, there are cases with a perfect negative correlation. The index designates a total dependence 

between the two variables called an inverse relationship: when one of them increases, the other decreases in 

constant proportion. 

Below we illustrate the use of this coefficient by an example: 

Example 2: 

Tax evasion is an illegal activity and is usually regarded as an administrative offense in most legal systems. It 

is an illegal act of concealing property or income to pay fewer taxes. “Black money” is anyone who has evaded 

the payment of taxes. They are profits obtained in illegal or legal activities, but that are not declared to the Treasury 

to evade taxes. The intention is to keep it in cash, and not to deposit it with financial institutions so that it is not 

recorded in bank movements and the State is not aware of its existence. 

Suppose that we want to study the relationship between the numbers in millions of dollars deposited in tax 

havens by citizens living in 21 cities of the territory of a country X, concerning the cost of living, measured in 

Consumer Price Index (CPI). In this way, both the economic and social impacts of tax evasion in each studied city 

are related. Hence, this phenomenon has economic, political, social, and legal significance. 

However, it is difficult to have an exact figure of the millions of dollars that are in tax havens and that should 

be used in public expenditures of the city, because this illegal practice is hidden, therefore the most accurate way 

to represent it is in the form of an interval. 

So, the data are summarized in Table 2: 
Number of the City Millions of dollars in tax havens Consumer Price Index (CPI) (%) 
1 [2.60, 3.40] 2.9 
2 [5.30, 5.88] 7.9 
3 [8.60, 9.52] 1.7 
4 [7.40, 7.73] 7.7 
5 [1.40, 1.81] 6.5 
6 [5.40, 6.29] 3.8 
7 [0.40, 0.88] 1.8 
8 [1.90, 2.46] 6.9 
9 [3.40, 3.59] 8.8 
10 [7.30, 8.22] 4.1 
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11 [7.40, 7.81] 7.9 
12 [8.00, 8.20] 1.4 
13 [7.70, 8.55] 4.3 
14 [5.80, 6.01] 8.5 
15 [7.80, 8.21] 1.1 
16 [2.50, 3.25] 7.1 
17 [4.20, 4.39] 5.7 
18 [0.80, 0.88] 8.9 
19 [5.00, 5.69] 7.4 
20 [9.90, 10.53] 4.7 
21 [7.40, 7.53] 8.2 

Table 2: Data from 21 cities that relate estimated amounts of millions in tax havens vs. CPI. 

 

The result of applying Formula 6 to the data in Table 2 is 𝑁𝑟𝑥𝑦 = [−0.27838, −0.23236], which indicates 

that in this case, the correlation is negative and quite small. Let us note that the data in the second column could 

be given as intervals and still formulas 5 and 6 remain applicable. This indicates that in this case the estimated 

amount of dollars in tax havens of citizens of the city does not significantly influence the standard of living of 

citizens. 

3.3 Spearman’s correlation coefficient 

In classical statistics, Spearman’s correlation coefficient, 𝜌 is a measure of the correlation (association or 

interdependence) between two continuous random variables, [49]. To calculate 𝜌, the data are sorted and replaced 

by their respective order. 

The statistic 𝜌 is given by the following expression: 

𝜌 = 1 −
6 ∑ 𝐷2

𝑁(𝑁2−1)
                                 (7) 

Where: 

● D is the difference between the corresponding X-Y order statistics. 

● N is the number of pairs. 

The existence of identical data has to be considered when ordering them, although if these are few, this 

circumstance can be ignored. 

For samples larger than 20 observations, we can use the following approximation by the t-Student distribution: 

𝑡 =
𝜌

√
(1−𝜌2)

(𝑛−2)

                                       (8) 

The interpretation of Spearman’s coefficient is the same as that of Pearson’s. It oscillates between -1 and +1, 

indicating negative or positive associations respectively, 0 means no correlation but no independence. 

As for contingency table and Pearson’s correlation coefficient, it is possible and useful to extend 𝜌 to the 

neutrosophic framework, denoting by 𝑁𝜌 when {(𝑥𝑖, 𝑦𝑖)} are intervals rather than crisp values. Similarly, Equation 

8 becomes 𝑁𝑡 when 𝜌 is replaced by 𝑁𝜌. Neutrosophic Spearman’s correlation coefficient is a crisp value because 

orders are crisp values when interval values are compared, using the interval-value order definition. 

The use of this coefficient will be illustrated with the following example: 

Example 3: 

Let us revisit Example 2 and apply Spearman’s correlation coefficient in it. In this case, we wish to confirm 

whether there is a correlation among the standard of living of citizens of the 21 cities, concerning the order (not 

the number of millions) in tax havens of citizens investigated by the courts. 

Thus, Table 2 becomes the following Table 3 of ordered data: 

 
Number of the City Order of millions of dollars 

in tax havens 

Order of Consumer Price 

Index (CPI) ( % ) 

D 
1 6 5 1 
2 10 16 -6 
3 20 3 17 
4 14.5 15 -0.5 
5 3 11 -8 
6 11.5 6 5.5 
7 1 4 -3 
8 4 12 -8 
9 7 20 -13 
10 14.5 7 7.5 
11 14.5 17 -2.5 
12 17.5 2 15.5 
13 17.5 8 9.5 
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14 11.5 19 -7.5 
15 19 1 18 
16 5 13 -8 
17 8 10 -2 
18 2 21 -19 
19 9 14 -5 
20 21 9 12 
21 14.5 18 -3.5 

Table 3: Order of data from the 21 cities that relate the estimated dollar amounts in tax havens vs. CPI, and D. 

Table 3 shows that the 11th, 13th, and 17th cases are considered repeated because they cannot be compared 

by the order between intervals. For example, it is not [5.40, 6.29] ⋠ [5.80, 6.01] nor [5.80, 6.01] ⋠ [5.40, 6.29] 

in Table 2, therefore they are considered to have the same order, the 11th one, which is converted into 
11+12

2
=

11.5. The result is 𝑁𝜌 = −0.32857, which is consistent with Neutrosophic Pearson’s correlation coefficient. 

Let us note that in this case the amount of millions in tax havens does not matter, only the order.

Conclusion 

This paper covered the definition, illustration, and proposition of neutrosophic statistics methods in Social 

Sciences. On many occasions, the data available in Social Sciences contain inconsistencies due to inaccuracies, 

contradictions in the sources of information and knowledge, lack of objectivity in some opinions, among other 

factors. That is why in these cases, data represented in the form of intervals may be necessary. Specifically, in this 

paper, we define and illustrate the use of contingency tables, Pearson’s correlation coefficient, and Spearman’s 

correlation coefficient generalized to the neutrosophic framework. Three examples of the use of each of them 

served to show how and why to use neutrosophic statistics in these cases, where the examples used are mainly 

based on hypothetical problems of Legal Sciences. In future research, we will propose to generalize other methods 

of classical statistics to the framework of Neutrosophy, so that they will be helpful to solve problems of Social 

Sciences. 

References 

[1] E. F. Borgatta, A. N. Jara-Rhonda, and J. V. Montgomery, Encyclopedia of Sociology: Macmillan, 1992. 

[2] I. I. Orozco Fernández and J. Estupiñán Ricardo, "Atención a la diversidad como premisa de la formación del 

profesional en comunicación social," Dilemas Contemporáneos: Educación, Política y Valores, vol. 6, 2018. 

[3] J. E. Ricardo, M. I. M. Villalva, Z. A. O. Padilla, and L. A. C. Hurtado, "Filosofía de la comunicación, complemento 

necesario en el aprendizaje de las Ciencias Sociales," Magazine de las Ciencias: Revista de Investigación e 

Innovación, vol. 3, pp. 39-52, 2018. 
[4] J. E. Ricardo, Á. B. M. Vásquez, R. A. A. Herrera, A. E. V. Álvarez, J. I. E. Jara, and N. B. Hernández, "Management 

System of Higher Education in Ecuador. Impact on the Learning Process," Dilemas Contemporáneos: Educación, 

Política y Valore, 2018. 

[5] D. C. Vera, A. V. T. Suntaxi, G. C. I. Alcívar, J. E. Ricardo, and M. D. O. Rodríguez, "Políticas de inclusión social 
y el sistema de ingreso a las instituciones de educación superior del ecuador," Dilemas Contemporáneos: Educación, 

Política y Valores, vol. 6, 2018. 

[6] F. Smarandache, Neutrosophy. / Neutrosophic Probability, Set, and Logic. Rehoboth: Amer. Res. Press, 1998. 

[7] F. Smarandache, Introduction to Neutrosophic Sociology (Neutrosociology) Brussells: Pons, 2019. 
[8] F. Smarandache, Introduction to Neutrosophic Statistics. Craiova: Sitech & Education Publishing, 2014. 

[9] J. C. Sierra-Morán, J. F. Enríquez-Chuga, W. M. Arias-Collaguazo, and C. W. Maldonado-Gudiño, "Neutrosophic 

statistics applied to the analysis of socially responsible participation in the community," Neutrosophic Sets and 

Systems,, vol. 26, pp. 19-28, 2019. 
[10] P. A. Mena-Silva, A. Romero-Fernández, and L. A. Granda-Macías, "Neutrosophic Statistics to Analyze Prevalence 

of Dental Fluorosis," Neutrosophic Sets and Systems,, vol. 37, pp. 160-168, 2020. 

[11] R. Meléndez-Carballido, H. Paronyan, M. Alfaro-Matos, and A. L. Santillán-Molina, “Neutrosophic statistics applied 

to demonstrate the importance of humanistic and higher education components in students of legal careers,” 
Neutrosophic Sets and Systems,, vol. 26, pp. 174-180, 2019. 

[12] P. A. Centeno-Maldonado, Y. Puertas-Martinez, G. S. Escobar-Valverde, and J. D. Inca-Erazo, “Neutrosophic 

statistics methods applied to demonstrate the extra-contractual liability of the state from the Administrative Organic 

Code,” Neutrosophic Sets and Systems,, vol. 26, pp. 29-34, 2019. 
[13] D. Cadena-Piedrahita, S. Helfgott-Lerner, A. Drouet-Candel, F. Cobos-Mora, and N. Rojas-Jorgge, “Herbicides in 

the Irrigated Rice Production System in Babahoyo, Ecuador, Using Neutrosophic Statistics,” Neutrosophic Sets and 

Systems,, vol. 39, pp. 153-163, 2021. 

[14] M. Aslam, O. H. Arif, and R. A. Khan-Sherwani, “New Diagnosis Test under the Neutrosophic Statistics: An 
Application to Diabetic Patients,” BioMed Research International, , vol. 2020, pp. 1-7, 2020. 

[15] M. Aslam, “A Variable Acceptance Sampling Plan under Neutrosophic Statistical Interval Method,” Symmetry,, vol. 

11, p. 114, 2019. 



Neutrosophic Sets and Systems {Special Issue:Impact of neutrosophic scientific publication in Latin American 

context}, Vol. 44, 2021 

Adrián A. Alvaracín J, David S. Proaño T, Salomón A Montecé G,Juan C. Arandia Z, Dante M. Macazana F. 

Neutrosophic Statistics applied in Social Science 

8 

[16] S. K. Patro and F. Smarandache, “The Neutrosophic Statistical Distribution - More Problems, More Solutions,” 

Neutrosophic Sets and Systems,, vol. 12, pp. 73-79, 2016. 

[17] L. E. Valencia-Cruzaty, M. Reyes-Tomalá, C. M. Castillo-Gallo, and F. Smarandache, “A Neutrosophic Statistic 
Method to Predict Tax Time Series in Ecuador,” Neutrosophic Sets and Systems,, vol. 34, pp. 33-39, 2020. 

[18] F. Smarandache, Neutropsychic Personality A mathematical approach to psychology. Brussels: Pons, 2018. 

[19] E. L. Hernández-Ramos, L. R. Ayala-Ayala, D. F. Tixi-Torres, and R. Gonzalez, “Method for Treatment and its 

Incidence in the Change of Social Rehabilitation Regime using Neutrosophic Compensatory Logic,” Neutrosophic 
Sets and Systems,, vol. 37, pp. 377-384, 2020. 

[20] L. K. Baque-Villanueva, D. A. Viteri-Intriago, L. K. Álvarez-Gómez, and A. M. Izquierdo-Morán, "Business Plan 

for Entrepreneurs, Actors and Organizations of Social and Solidarity Economy based on Neutrosophic AHP-SWOT," 

Neutrosophic Sets and Systems,, vol. 37, pp. 224-234, 2020. 
[21] S. D. Álvarez-Gómez, J. F. Goyes-García, and B. Pinda-Guanolema, “Linking Neutrosophic AHP and Neutrosophic 

Social Choice Theory for Group Decision Making,” Neutrosophic Sets and Systems,, vol. 37, pp. 385-394, 2020. 

[22] C. V. Valenzuela-Chicaiza, O. G. Arciniegas-Paspuel, P. Y. Carrera-Cuesta, and S. D.-R. Álvarez-Hernández, 

"Neutrosophic Psychology for Emotional Intelligence Analysis in Students of the Autonomous University of Los 
Andes, Ecuador," Neutrosophic Sets and Systems,, vol. 34, pp. 1-8, 2020. 

[23] C. Veerappan and B. Albert, “Multiple-criteria decision analysis process by using prospect decision theory in 

interval-valued neutrosophic environment,” CAAI Transactions on Intelligence Technology,, vol. 5, pp. 209–221, 

2020. 
[24] G. Á. Gómez, J. V. Moya, and J. E. Ricardo, "Method to measure the formation of pedagogical skills through 

neutrosophic numbers of unique value," Revista Asociación Latinoamericana de Ciencias Neutrosóficas. ISSN 2574-

1101, vol. 11, pp. 41-48, 2020. 

[25] A. S. Molina, W. A. C. Calle, and J. D. B. Remache, “The application of Microsoft Solution Framework Software 
Testing using Neutrosophic Numbers,” Neutrosophic Sets and Systems, vol. 37, pp. 267-276, 2020. 

[26] A. Abdel-Monem and A. Abdel Gawad, “A hybrid Model Using MCDM Methods and Bipolar Neutrosophic Sets 

for Select Optimal Wind Turbine: Case Study in Egypt,” Neutrosophic Sets and Systems, vol. 42, pp. 1-27, 2021. 

[27] M. E. Á. Tapia, D. C. M. Raúl, and C. N. M. Vinicio, “Indeterminate Likert Scale for the Analysis of the Incidence 
of the Organic Administrative Code in the current Ecuadorian Legislation,” Neutrosophic Sets and Systems, vol. 37, 

pp. 329-335, 2020. 

[28] C. E. Ochoa Díaz, L. A. Colcha Ramos, M. J. Calderón Velásquez, and O. Pérez Peña, "Knowledge-based Hiring 

Recommender Model for Occasional Services in the Public Sector," Neutrosophic Sets and Systems, vol. 37, pp. 176-
183, 2020. 

[29] F. d. R. Lozada López, M. E. Villacreses Medina, and E. C. Villacis Lascano, “Measure of Knowledge in Students 

at Uniandes, Ecuador, on the Manifestations of Oral Cancer,” Neutrosophic Sets and Systems, vol. 37, pp. 151-159, 

2020. 
[30] C. A. Escobar Suárez, R. Oliva Torres, and L. Espinoza Freire, “Neutrosophic Analysis of Complications Generated 

by Hypothyroidism during Pregnancy,” Neutrosophic Sets and Systems, vol. 37, pp. 141-150, 2020. 

[31] A. D. M. Manzano, J. Y. V. Villegas, L. M. O. Escobar, and L. T. Jiménez, "Neutrosophic Analysis of the Facultative 

Vote in the Electoral Process of Ecuador," Neutrosophic Sets and Systems, vol. 37, pp. 355-360, 2020. 
[32] C. C. Guillot, D. R. M. Medina, and M. A. B. Ávalos, “Neutrosophic Evaluation of Depression Severity,” 

Neutrosophic Sets and Systems, vol. 37, pp. 242-249, 2020. 

[33] J. L. R. Villafuerte, L. D. T. Torres, and L. T. Jimenez, “Neutrosophic Hypothesis to validate a modification for 

Article 630 of the Integral Organic Criminal Code of Ecuador,” Neutrosophic Sets and Systems, vol. 37, pp. 260-266, 
2020. 

[34] P. E. D. P. Franco, A. J. P. Palacio, and I. A. C. Piza, “Neutrosophic Hypothesis to validate a Reform Project to 

Article 87 of the General Organic Code of Processes of Ecuador,” Neutrosophic Sets and Systems, vol. 37, pp. 316-

322, 2020. 
[35] N. V. Q. Arnaiz, N. G. Arias, and L. C. C. Muñoz, “Neutrosophic K-means Based Method for Handling Unlabeled 

Data,” Neutrosophic Sets and Systems, vol. 37, pp. 308-315, 2020. 

[36] A. J. P. Palacios, L. B. Bustamante, V. C. Armijo, and V. S. N. Luque, "Neutrosophic multicriteria method to evaluate 

the com-petencies of mayoral candidates," Revista Asociación Latinoamericana de Ciencias Neutrosóficas. ISSN 
2574-1101, vol. 11, pp. 17-24, 2020. 

[37] I. Pimienta Concepción, E. Mayorga Aldaz, L. Gabriel Flores, and E. González Caballero, "Neutrosophic Scale to 

Measure Psychopathic Personalities Based on Triple Refined Indeterminate Neutrosophic Sets," Neutrosophic Sets 

and Systems, vol. 37, pp. 61-70, 2020. 
[38] G. A. Gómez, J. F. G. García, S. D. Á. Gómez, and F. Smarandache, "Neutrosophic Sociogram for Group Analysis," 

Neutrosophic Sets and Systems, vol. 37, pp. 417-427, 2020. 

[39] P. A. Mena Silva, A. Romero Fernández, and L. A. Granda Macías, "Neutrosophic Statistics to Analyze Prevalence 
of Dental Fluorosis," Neutrosophic Sets and Systems, vol. 37, pp. 160-168, 2020. 

[40] P. A. M. Silva, A. R. Fernández, and L. A. G. Macías, "Neutrosophic Statistics to Analyze Prevalence of Dental 

Fluorosis," Neutrosophic Sets and Systems, vol. 37, pp. 160-168, 2020. 

[41] C. R. Martínez, G. A. Hidalgo, M. A. Matos, and F. Smarandache, “Neutrosophy for Survey Analysis in Social 
Sciences,” Neutrosophic Sets and Systems, vol. 37, pp. 409-416, 2020. 

[42] D. V. G. Mayorga, E. d. P. A. Escobar, and O. F. S. Montoya, “Neutrosophy Used to Measure the Legal and 

Socioeconomic Effect of Debtors,” Neutrosophic Sets and Systems, vol. 37, pp. 295-301, 2020. 



Neutrosophic Sets and Systems {Special Issue: Impact of neutrosophic scientific publication in Latin American 

context}, Vol. 44, 2021 

Adrián A. Alvaracín J, David S. Proaño T, Salomón A Montecé G,Juan C. Arandia Z, Dante M. Macazana F. 

Neutrosophic Statistics applied in Social Sciences 

9 

[43] J. M. Macías Bermúdez, G. K. Arreaga Farias, and L. Torres Torres, "Profiles of Human Trafficking Violence in 

Regions of Ecuador," Neutrosophic Sets and Systems, vol. 37, pp. 200-207, 2020. 

[44] L. Wong Vázquez, Cueva Moncayo, María Fernanda., and L. P. Advendaño Castro, "Risk Factors Prioritization for 
Chronic Obstructive Pulmonary Disease," Neutrosophic Sets and Systems, vol. 37, pp. 49-60, 2020. 

[45] D. Coka Flores, J. R. Cadena Morillo, C. G. Rosero Martínez, and W. Ortiz Aguilar, “Selection of Experts to Validate 

a Research Proposal Using a Neutrosophic Method,” Neutrosophic Sets and Systems, vol. 37, pp. 71-80, 2020. 

[46] A. Romero Fernández, E. Labrada González, and D. Loyola Carrasco, “Study on the Level of Knowledge in Dental 
Medical Emergencies of Dentistry Students through Neutrosophic Values,” Neutrosophic Sets and Systems, vol. 37, 

pp. 90-107, 2020. 

[47] Y. Ma, X. Zhang, F. Smarandache, and J. Zhang, “The Structure of Idempotents in Neutrosophic Rings and 

Neutrosophic Quadruple Rings,” Symmetry,, vol. 11, p. 1254, 2019. 
[48] R. E. Moore, Interval Analysis. Englewood Cliffs: Prentice Hall, 1966. 

[49] S. Siegel and N. J. Castellan, Non Parametric Statistics for the Behavioral Sciences (Estadística No Paramétrica 

aplicada a las ciencias de la conducta). Mexico: Editorial Trillas, 1998. 

 

Received: February 03, 2021.   Accepted: April 15, 2021 


