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Abstract. Neutrosophic statistical measures analyze data that is not fully determined, often due to imprecise

observations. This type of data presents a major concern in neutrosophic statistics. The existing literature cat-

egorizes neutrosophic measures into two types: descriptive and inferential, aiming to broaden the categorization

of statistics in these two major areas. Every statistical measure can be contextualized within the neutrosophic

framework by acknowledging the inherent imprecision, vagueness, or not fully defined. In this study, the major

focus is on reviewing existing neutrosophic measures rather than proposing new ones. The aim is to enhance

current neutrosophic structures to make them more beneficial for end users in their analysis. Additionally,

one of the contemporary challenges in neutrosophic data analysis is the dimension of data. We develop the R

library neutrostat to efficiently describe complex and larger imprecise datasets. Finally, real-world examples are

provided to review the effectiveness of the neutrostat package for analyzing neutrosophic data and evaluating

existing neutrosophic measures.

Keywords: Descriptive measures; inferential measures; neutrosophic measures; neutrosophic probability; R

package

—————————————————————————————————————————-

1. Introduction

In data analysis, there are various statistical methods available for analyzing and inter-

preting data in specific situations [1]. It is important to understand the assumptions and

conditions of these methods to choose the most appropriate option for data analysis [2]. The

two main types of statistical methods used are descriptive statistics, which summarize data

with measures including presentation of data using graphs, measuring central tendency and

dispersion, and inferential statistics, which make conclusions based on sample data using tests

like the z-test and t-test or constructing confidence intervals [3, 4]. Choosing the appropriate
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statistical method is crucial and depends on three key factors: the purpose and goals of the

research, the type and distribution of data, and the characteristics of the observations being

analyzed [5]. Choosing the right statistical method is crucial when analyzing real-world data

[6]. Selecting an inappropriate method can lead to issues in interpreting findings and impact

the overall validity and conclusion of the study [7]. It is essential to understand the assump-

tions and conditions of different statistical methods to select the most correct option for data

analysis [8]. Many researchers make avoidable mistakes in statistical analysis by using the

wrong approach, such as using a z-test instead of a t-test or chi-square test instead of correla-

tion analysis, using a normal distribution test method for skewed data, applying methods for

correlated data but they actually developed under independent identically distribution scenar-

ios—these are but a few common examples [9]. Many statistical software packages, such as

SPSS, R, Stata, SAS, S-Plus, MATLAB, etc., are available in the market, which makes analysis

easier for high-dimensional data. While all computational tools help with analysis, they do not

assist in selecting the appropriate method [10, 11]. Among research communities, R software

appears as the most popular compared to other commercial statistical software because it is

free and open source. The R software is flexible, easy to use, and allows users to create their

own functions or packages for specific tasks [12]. Despite advancements in statistical analysis

tools, choosing the right test remains challenging, especially for those without a statistical

background. Aside from understanding statistical methods, it is crucial to consider the nature

and type of data collected and the study’s objective. The statistical methods chosen should

align with the study’s goal and be suitable for the data at hand.

When all data or some part of it involves imprecise, ambiguous, or incomplete portions,

here the methods of neutrosophic statistics comes into play [13, 14, 15]. Neutrosophic statis-

tics provides a new foundation for dealing with real-world scenarios that have indeterminate

information. Fundamental concepts of neutrosophy were introduced by Smarandache in 1995

as a generalization for fuzzy logic and intuitionistic fuzzy logic [16]. Expanding traditional sta-

tistical measures with neutrosophic logic allows for parameters to have undetermined values,

enabling better handling of situations involving imprecise or clear statistical data, particularly

when working with vague and imprecise statistical information [17, 18]. According to the con-

cept of neutrosophic logic, crisp values can be represented by a neutrosophic structure with

determinate and indeterminate parts. When the indeterminate part of a number becomes

zero, it converts to a classical structure [19, 20]. Thus, neutrosophic statistical methods have

an advantage over classical methods due to their generalization with the extra benefit of ana-

lyzing neutrosophic data. Neutrosophic logic has been utilized to transform various statistical

measures to accommodate imprecise datasets[21, 22, 23]. Some descriptive measures have

been thoroughly explored in [24], with many methods still pending further examination. For
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inferential statistics in the domain of neutrosophic logic, significant contributions can be found

in the research conducted by Smarandache [13]. Many statistical distributions that reflect the

mathematical data generated models beyond any data source have also been converted into a

neutrosophic framework [25, 26, 27].

In this paper, we propose enhancements to the descriptive aspects of neutrosophic structures.

We aim to rectify inconsistencies encountered in published literature, where the principles of

neutrosophic structures are inaccurately utilized. Our objective is not to critique existing

studies but to point out notable discrepancies that require consideration for the successful

application of neutrosophic measures in practical situations. Additionally, an orientation of

some R functions, which are part of our ongoing project neutrostat package, is also presented.

In real-world scenarios, dimensions can become quite large, and this R tool can simplify the

calculations. It is not feasible to discuss every neutrosophic measure due to the limited source

of this work; however, we suggest that many existing works could benefit from refinement and

proper implementation of the neutrosophic framework discussed in this work.

This paper is structured as follows: In Section 2, some neutrosophic data and their algebraic

operations are presented. In Section 3, some neutrosophic descriptive measures with major

discrepancies are discussed. In Section 4, the neutrostat package with some key functions is

described. Finally, the major findings of the work are concluded in Section 5.

2. Neutrosophic Data

Neutrosophic data is a collection of information where some or all of the data is un-

certain to a certain extent. This neutrosophic data can be in the form of discrete and

continuous. For example, the following data represent the neutrosophic form of data:

2, 3, 5, 6, 3 + I1, 8, 7 + I2 where I1 and I2 represent the indeterminate parts of two numbers

3 and 7 with any numerical values say I1 = [4, 6] and I2 = [3, 5]. Due to these indeterminate

parts, we do not know the exact value of some data observations. It could be 7 and 9 if we

consider I1 or it can be 10 and 12 if we consider I2. So, in a general structure, neutrosophic

number can be expressed as:

N = D + I (1)

where D represents the determinate part of the number and I represents the indeterminate

part of the number. It is obvious from (1) that when indeterminate becomes zero, the number

turns to a crisp number. In this way, the neutrosophic number has a more generated structure

as compared to the crisp numbers. When the data is comprised of neutrosophic numbers, the

operations of arithmetic operations have specific operations for interval analysis. To under-

stand this interval analysis let us assume that Z1 = [Z1, Z1] and Z2 = [Z2, Z2] be the two
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closed bounded neutrosophic numbers with operation of addition, subtraction, multiplication

and division denoted by star (*) then:

[
Z1, Z1

]
∗
[
Z2, Z2

]
= [α, β] (2)

where [α, β] =
{
Z1 ∗ Z2 | Z1 < Z1 < Z1, Z2 < Z2 < Z2

}
.

Equation (2) can be further simplified as:

[
Z1, Z1

]
+
[
Z2, Z2

]
=

[
Z1 + Z2, Z1 + Z2

]
(3)[

Z1, Z̄1

]
−
[
Z2, Z̄2

]
=

[
Z1 − Z̄2, Z1 − Z2

]
(4)[

Z1, Z1

][
Z2, Z2

] =
[
Z1, Z1

]
∗
[
1

Z2

,
1

Z2

]
(5)

Equation (5) assumes that zero does not belong to
[
Z̄2, Z̄2

]
.

[Z1, Z1]× [Z2, Z2] = [α, β] (6)

where α = min
{
Z1Z2, Z1Z2, Z1Z2, Z1Z2

}
and β = max

{
Z1Z2, Z1Z2, Z1Z2, Z1Z2

}
. Multi-

plication and division expressions can be simplified further if we know that Z1 > 0, Z2 <

0, Z1 < 0 or Z2 < 0.

To understand the neutrosophic numbers and their computation procedure, let us take a

real-world example. A metrologist recorded the temperature in Veszprem, Hungary, over 10

days. The data may have some variability due to different measuring instruments and missing

data. Some temperatures are reported as ranges, either due to estimates or less precise mea-

surements, while others are precise readings from reliable instruments. Here is the recorded

temperature data for the 10 days:

22, [18, 20], 25, [21, 23], 19, 26, [24, 27], 23, [22, 24], [20, 22]

Using the definitions of neutrosophic mean, median, and standard deviation [14], we can find

the summary measures of temperature as:

Neutrosophic mean= [22, 23.1]

Neutrosophic median= [22, 23]

Neutrosophic standard deviation= [1.73, 3.36]

Note that we have correctly followed the principles defined for neutrosophic numbers and can

compute these basic measures using some defined functions of our neutrostat R package in

just a few seconds. This package can handle large and complex neutrosophic data efficiently.

To ensure accuracy in statistical measures developed using neutrosophic theory, it is essen-

tial to verify the fundamental operations and their extensions defined in neutrosophic theory.

Unfortunately, a critical review of various papers in this field has revealed violations of these

principles in computation. Consequently, the research community in applied sciences is unable
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to benefit from the newly proposed neutrosophic statistical measures. In the following section,

we have addressed some discrepancies found in neutrosophic measures to make them more

user-friendly and practical for end users.

3. Neutrosophic Measures

In this section, we discuss some previously published studies related to neutrosophic statis-

tical measures, highlighting that their computations do not adhere to the properly defined al-

gebraic operations for neutrosophic data. In the study [28], authors analyzed the neutrosophic

coefficient variation for utilizing the temperature data on different cities of the southeastern

Anatolia region of Turkey. The neutrosophic coefficient of variation is defined as:

CVn =
Neutrosophic mean

Neutrosophic standard deviation
(7)

The computed neutrosophic coefficient of variation reported in the source [28] is given in Table

1.

Table 1. Coefficient of variation reported for temperature data reported for

different cities of Turkey

City Neutrosophic mean Neutrosophic standard deviation CVn

Adiyaman [0.66, 7.47] [2.04, 3.06] [40.96, 309.06]

Batman [1.33, 8.23] [1.54, 2.56] [31.10, 115.79]

Gaziantep [0.80, 8.57] [3.13, 7.08] [82.61, 391.25]

Killis [3.80, 10.57] [2.14, 4.49] [42.48, 56.31]

Mardin [3.61, 11.23] [1.83, 3.77] [33.57, 50.69]

Now computed values of CVn using the neutrostat R package for the same data are shown

in Table 2.

Table 2. Neutrosophic coefficient of variation using neutrostat R package

City Adiyaman Batman Gaziantep Killis Mardin

CVn [27.29, 463.65] [18.71, 192.2] [36.51, 885] [20.24, 118.19] [16.28, 104.42]

The results in Table 2 show significant discrepancies between the accurate results and the

presented results from the original source [28]. Note that the neutrosophic coefficient of vari-

ation has been calculated using the neutrostat package, assuming that the neutrosophic mean

and standard deviation were accurately reported. Incorrect computation of the neutrosophic

coefficient of variation can have serious implications for decision-making and statistical analy-

sis. This can mislead researchers or stakeholders into drawing incorrect conclusions about the
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consistency or volatility of the data. A question may arise is how can we trust that the neu-

trostat package provides accurate information? To address this, we implement some relevant

functions of the neutrostat package on the example data provided by Smarandache [29]. The

data consists of the values: 30, 6, [2, 5], [18, 24].

Now, let us see how we can input this data into the “nmean” and “nstd” functions of the R

library “neutrostat”:

Input:

x < −list(30, 6, c(2, 5), c(18, 24))

We can run the following lines in the R workspace to obtain the output:

“nmean(x)” and “nstd(x)”

Output:

Neutro mean = [14, 16.25] and Neutro standard deviation = [9.18, 12.88]. The output matches

the values reported by Smarandache [29] Additionally, the neutrostat package offers the ad-

vantage of providing the summary function “nsummary(data)”, which performs a more com-

prehensive analysis of the underlying data. Another study conducted by Shahzadi [30] on the

computation of neutrosophic coefficient of determination for temperature data to measure the

consistency of temperature across different cities of Pakistan.

Table 3. The CVn values for temperature data for different cities of PaKistan

City Gujranwala Lahore Karachi Islamabad Sialkot

µn [29.68, 37.78] [30.96, 39.07] [28.54, 32.00] [27.43, 35.42] [27.75, 35.32]

However, we believe that there are major discrepancies in the results reported for neutro-

sophic standard deviation and reported values are not according to rules designed for interval

arithmetic. These discrepancies result in neutrosophic standard deviations, leading to wrong

statistics reported as evident in Table 3. The correct reported using the R package can be

easily obtained using different built-in functions such as “nmean”, “nstd” and “ncv” for re-

porting neutrosophic mean, standard deviation, and coefficient of variation, respectively, for

temperature data. Correct statistics using the neutrsostat package are reported in Tables 4-6.

Table 4. Neutrosophic mean of temperature data across different cities in

Pakistan

City Gujranwala Lahore Karachi Islamabad Sialkot

µn [29.68, 37.78] [30.96, 39.07] [28.54, 32.00] [27.43, 35.42] [27.75, 35.32]
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Table 5. Neutrosophic variability of temperature data across different cities

in Pakistan

City Gujranwala Lahore Karachi Islamabad Sialkot

σn [7.89, 9.83] [7.82, 10.11] [3.41, 4.38] [7.91, 9.24] [7.23, 9.61]

Table 6. Neutrosophic coefficient of variation of temperature data across dif-

ferent cities in Pakistan

City Gujranwala Lahore Karachi Islamabad Sialkot

CVn [20.89, 33.14] [20.00, 32.65] [10.66, 15.37] [22.33, 33.67] [20.48, 34.61]

Table 5 displays notable differences between the precise findings and the reported data in

the source material [30]. These discrepancies are common in various studies on neutrosophic

measures, highlighting the importance of further research to ensure that end users can effec-

tively utilize the innovative approach to neutrosophic statistics. Results obtained using the

neutrostat package are more profound and reflective.

4. Overview of neutrostat

In this section, a brief description of neutrostat package with its basic functionalities

is discussed. The neutrostat is an R software package with functions developed follow-

ing the principles of neutrosophic statistics originated by Smarandache [13]. The neutro-

stat package works as a computational tool to analyze data based on vague and imprecise

information. The latest release of version 0.0.1 of the package is available on CRAN at

https://CRAN.R-project.org/package=neutrostat and the developmental version is hosted on

GitHub at https://github.com/kzst/neutrostat. The initial version of the package is equipped

with various descriptive functions for neutrosophic numbers, where indeterminacy, inconsis-

tency, and uncertainty are inherent parts of the data. Along with a basic functions package,

it also includes some real-world neutrosophic data such as gold prices across Indian cities

(goldprice), dioxin ingestion in Japan (dioxin) and temperature data from different cities of

Pakistan (citytemp). Additionally, some interval operators, such as addition, subtraction,

multiplication, and division for interval arithmetic commonly used in interval calculations of

neutrosophic numbers, are built into the package. These operators not only allow the com-

putational procedures of many functions but also facilitate the addition features, such as the

conversion of data to neutrosophic form or sorting of data in ascending or descending order.

The summary of some key functions of the neutrostat package is outlined below:
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Table 7. Key functions of the neutrostat package with short descriptions

Function Description Usage

interval df Converting data into neutrosophic numbers interval df(data)

interval add Return addition of neutrosophic numbers interval add(data)

interval sub Return subtraction of neutrosophic numbers interval sub(data)

interval mul Return multiplication of neutrosophic numbers interval mul(data)

interval div Return division of neutrosophic numbers interval div(data)

sort interval Return sorting of neutrosophic numbers sort interval(data)

nmean Return mean of neutrosophic numbers nmean(data)

nvar Return variance of neutrosophic numbers nvar(data)

nstd Return standard deviation of neutrosophic numbers nstd(data)

nmedian Return median of neutrosophic numbers nmedian(data)

nquant Return quantiles of neutrosophic numbers nquant(data)

nsk Return Pearson coefficient of skewness of neutrosophic numbers nsk(data)

nkur Return kurtosis coefficient of neutrosophic numbers nkur(data)

nsummary Return basic summary of neutrosophic numbers nsummary(data)

Table 7 indicates that the first version (0.0.1) of the neutrostat package is equipped with the

necessary fundamental functions required for an initial glance at data analysis. Each function

listed returns an interval value, indicating imprecision in data, making it ideal for real-world

scenarios where data uncertainty commonly exist. Additionally, the functions listed in Table

7 are user-friendly. A comprehensive description of each function, and applied examples, can

be found in the reference manual of the neutrostat package, which is available on CRAN for

public use.

5. Conclusions

This research thoroughly examined various neutrosophic statistical measures and classified

them into descriptive and inferential categories. Our findings emphasize the significance of in-

tegrating the neutrosophic approach in statistical analyses to accommodate imprecise, vague,

or undefined data. By utilizing this framework, we can better represent and analyze such

complex data commonly encountered in practical situations. Through this review, we have

pinpointed both the advantages and drawbacks of existing neutrosophic metrics and proposed

methods to improve their functionality for users. Additionally, we have underscored the im-

portance of utilizing R software for managing intricate datasets with imprecise values. We

have developed the neutrostat R package to make the neutrosophic data analysis easier for

public use with its key functions outlined in this work. With neutrostat library, individuals
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can effectively conduct neutrosophic data analysis, even in situations where uncertainties and

indeterminacies are present in high-dimension neutrosophic information.

As neutrosophic statistical methods continue to evolve, extending the neutrostat library to

incorporate these advancements will be a key focus of future work.
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