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In this paper, we propose the introduction of a neutrosophic chi-square-test

for consistency, incorporating neutrosophic statistics. Our aim is to modify the

existing chi-square -test for consistency in order to analyze imprecise data. We

present a novel test statistic for the neutrosophic chi-square -test for consistency,

which accounts for the uncertainties inherent in the data. To evaluate the

performance of the proposed test, we compare it with the traditional chi-square

-test for consistency based on classical statistics. By conducting a comparative

analysis, we assess the e�ciency and e�ectiveness of our proposed neutrosophic

chi-square -test for consistency. Furthermore, we illustrate the application of

the proposed test through a numerical example, demonstrating how it can be

utilized in practical scenarios. Through this implementation, we aim to provide

empirical evidence of the improved performance of our proposed test when

compared to the traditional chi-square-test for consistency based on classical

statistics. We anticipate that the proposed neutrosophic chi-square -test for

consistency will outperform its classical counterpart, o�ering enhanced accuracy

and reliability when dealing with imprecise data. This advancement has the

potential to contribute significantly to the field of statistical analysis, particularly

in situations where data uncertainty and imprecision are prevalent.

KEYWORDS

neutrosophic statistics, chi-square -test for consistency, imprecise data, comparative
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1. Introduction

In statistical analysis, the chi-square -test for consistency, also known as the chi-square

test, is a commonly used method to determine if there is a significant association between

two categorical variables in a 2 × 2 contingency table. This test allows researchers to assess

whether the observed frequencies in the table deviate significantly from what would be

expected under the assumption of independence between the variables. The 2× 2 table also

referred to as a contingency table or cross-tabulation table presents the frequencies or counts

of two categorical variables. The resulting test statistic follows a chi-square distribution with

one degree of freedom. If the calculated chi-square statistic exceeds a critical value from the

chi-square distribution, it indicates a significant departure from independence. This suggests

that there is an association or relationship between the variables under investigation. On the

other hand, if the calculated chi-square statistic is smaller than the critical value, it suggests

no significant association, implying that the variables are independent. Recent research has

expanded upon the application and interpretation of the chi-square-test for consistency,

exploring its use in various fields such as healthcare, social sciences, and marketing. In

conclusion, the chi-square-test for consistency is a valuable statistical tool for assessing the

association between two categorical variables in a 2 × 2 contingency table. More details on

the application of chi-square-test can be seen in Dutton and Dutton [1], McHugh [2], Rana

and Singhal [3], Lin et al. [4], Benhamou and Melot [5], and Ahammed and Smith [6].
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Imprecise data, also referred to as data with imprecise,

interval, and fuzzy observations, encompasses various scenarios.

In practical terms, imprecise data may arise when measuring

water levels, collecting survey responses, or determining the

lifetimes or failure times of electronic components. Neutrosophic

statistics is a specialized branch of statistics that deals with

uncertainties and imprecise information using the framework of

neutrosophy. Neutrosophy is a philosophical concept introduced

by Smarandache [7] aiming to analyze and study the indeterminate,

uncertain, and ambiguous nature of various phenomena.

In traditional statistics, uncertainty is often handled using

probabilistic methods, which assume that events can be described

by precise probabilities. However, in many real-world scenarios,

uncertainties cannot be accurately represented by traditional

probability theory. Neutrosophic statistics offers an alternative

approach to address these limitations and provides a framework

for handling uncertain, imprecise, and incomplete data. The

fundamental principle of neutrosophic statistics is the recognition

that most real-world problems involve not only true and false

values but also indeterminacy, which represents the degree of

truth or falsity. Neutrosophic statistics extends the notion of

probability by introducing a third parameter called indeterminacy.

This additional parameter allows for a more comprehensive

representation of uncertainty and ambiguity in statistical analysis.

Neutrosophic statistics is particularly useful in situations where

information is incomplete, imprecise, or contradictory. It provides

a formal framework for representing and manipulating uncertain

data, making it applicable to a wide range of fields, including

decision making, artificial intelligence, pattern recognition, and

data mining. One of the significant advantages of neutrosophic

statistics is its ability to handle incomplete and imprecise data.

Traditional statistical methods often struggle when faced with

missing data or imprecise measurements. Neutrosophic statistics,

on the other hand, provides mechanisms to handle such situations,

enabling researchers to make meaningful inferences even in the

presence of incomplete information. Moreover, neutrosophic

statistics offers a flexible framework for modeling uncertainty.

It allows for the integration of various types of uncertainties,

including random uncertainties, fuzzy uncertainties, and subjective

uncertainties. By capturing and analyzing multiple dimensions of

uncertainty, neutrosophic statistics provides a more realistic and

nuanced representation of complex real-world phenomena. In

conclusion, neutrosophic statistics is an innovative and powerful

approach to handle uncertainty and imprecise information in

statistical analysis. By incorporating the concept of neutrosophy,

this field provides a more comprehensive framework for

representing and analyzing uncertainties. Neutrosophic statistics

has the potential to significantly impact various disciplines,

enabling researchers to gain deeper insights and make more

informed decisions in the face of uncertainty.

Smarandache [8] demonstrated the superior effectiveness of

neutrosophic statistics when compared to classical and interval

statistics. Shahzadi [9] introduced neutrosophic statistical analysis

for temperature data collected from various cities in Pakistan.

Additionally, Al Aita and Talebi [10] in the same year presented

a method for analyzing imprecise data using neutrosophic

augmented experimental design. Furthermore, Aslam and Saleem

[11] put forth a neutrosophic test for evaluating linearity,

while Aslam [12] conducted research on neutrosophic statistical

testing methods for imprecise sequential contingency data. More

applications of neutrosophic statistics can be seen in Chen et al.

[13], Alhabib and Salama [14], Polymenis [15], Aslam [16], Raghav

[17], Al Aita and Aslam [18], and Chen et al. [19].

In this paper, our main contribution is the introduction of a

neutrosophic chi-square test for consistency, which incorporates

the principles of neutrosophic statistics. The existing chi-square

test for consistency is widely used in statistical analysis, but it

assumes precise and deterministic data. Our aim is to modify

this test to handle imprecise data by considering uncertainties

inherent in the data. To achieve this, we propose a novel test

statistic for the neutrosophic chi-square test for consistency. This

test statistic takes into account the imprecise nature of the data

and provides a more accurate assessment of consistency. We intend

to evaluate the performance of our proposed test by comparing

it with the traditional chi-square test for consistency based on

classical statistics. This comparative analysis will allow us to assess

the efficiency and effectiveness of our approach. Additionally,

we plan to illustrate the practical application of the proposed

test through a numerical example. By demonstrating how it can

be utilized in real-world scenarios, we aim to provide empirical

evidence of the improved performance of our test compared to

the traditional chi-square test for consistency based on classical

statistics. This empirical evidence will highlight the enhanced

accuracy and reliability of our proposed test when dealing with

imprecise data. The anticipated outcome of our research is that

the proposed neutrosophic chi-square test for consistency will

outperform its classical counterpart. By incorporating neutrosophic

statistics and considering the uncertainties in the data, our test

has the potential to offer more accurate and reliable results. This

advancement in statistical analysis, particularly in situations where

data uncertainty and imprecision are prevalent, will contribute

significantly to the field.

2. Methods

In order to explore the statistical significance of the disparities

between the observed frequencies within two separate dichotomous

distributions, a comprehensive investigation will be conducted.

This analysis aims to delve into the significance of the variations

observed between the frequencies in each distribution, ultimately

shedding light on the underlying factors that contribute to these

differences. By examining the statistical significance, we can gain

a deeper understanding of the implications and potential impact

of these disparities within the context of the given distributions.

The existing test given in Kanji [20] can be applied when the data

is precise. Under complexity and uncertainty, the data may be

imprecise and indeterminate therefore the existing test cannot be

applied. Now, we present the modification of chi-square test under

neutrosophic statistics in this section as follows:

When presented with two distinct samples, each categorized

into two classes, it is possible to construct a comprehensive 2

× 2 table. This table serves as a valuable tool for organizing

and analyzing the neutrosophic data obtained from the samples,
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facilitating a deeper understanding of the relationships between

the variables under investigation. By systematically organizing the

data into rows and columns, the 2 × 2 table allows for a clear

visualization of the neutrosophic frequency distribution within

each class of the two samples. The imprecise data in 2 × 2 table is

shown in Table 1. The neutrosophic 2× 2 table having the measure

of indeterminacy (IN) is shown in Table 2. The first values in Table 2

present the determinate values and the second values are known as

the indeterminate values and IN is the measure of indeterminacy.

Note that neutrosophic 2 × 2 table reduces to 2 × 2 table under

classical statistics when IL =0. The neutrosophic test statistic is

given as:

χ2
N =

(nL − 1)
(

aLdL − bLcL
)2

(

aL + bL
)

(aL + cL)
(

cL + dL
) (

cL + dL
)

+
(nU − 1)

(

aUdU − bUcU
)2

(

aU + bU
)

(aU + cU)
(

cU + dU
) (

cU + dU
) IN; INǫ [IL, IU ]

(1)

The test statistic proposed here conforms to the chi-square

distribution with a single degree of freedom. Note that the

neutrosophic chi-square test is the generalization of the chi-square

test statistic under classical statistics. The first part presents the test

statistic under classical statistics and the second part denote the

indeterminate part. In accordance with the guidelines outlined in

Kanji [20], the suggested test should be utilized when the sample

size exceeds 20. When IL =0, the neutrosophic chi-square test

simplifies to the test statistic in classical statistics, and this is

expressed as follows:

χ2
N =

(nL − 1)
(

aLdL − bLcL
)2

(

aL + bL
)

(aL + cL)
(

cL + dL
) (

cL + dL
) (2)

The methodology for the proposed test is outlined in the

following steps:

Step 1: Formulate the null hypothesis H0 asserting

independence between two samples, in contrast to the

alternative hypothesis H1 suggesting a lack of independence

between the two samples.

TABLE 1 Neutrosophic 2 × 2 table.

Class 1 Class 2 Total

Sample 1 [aL , aU ]
[

bL , bU
] [

aL + bL , aU + bU
]

Sample 2 [cL , cU ]
[

dL , dU
] [

cL + dL , cU + dU
]

Total [aL + cL , aU + cU ]
[

cL + dL , bU + dU
]

[nL , nU ]

nL = aL + bL + cL + dL and nU = aU + bU + cU + dU .

Step 2: Specify the significance level (α) and determine the

critical value using the chi-square table from Kanji [20].

Step 3: Calculate the following statistic:

χ2
N =

(nL − 1)
(

aLdL − bLcL
)2

(

aL + bL
)

(aL + cL)
(

cL + dL
) (

cL + dL
)

+
(nU − 1)

(

aUdU − bUcU
)2

(

aU + bU
)

(aU + cU)
(

cU + dU
) (

cU + dU
)

IN; INǫ [IL, IU ] (3)

Step 4: Reject the null hypothesis (H0) if the computed χ2
N

value exceeds the critical value.

3. Application

In this section, we will discuss the application of the proposed

test using data collected from the production process. The data

represents the number of defective articles produced by two

machines and has been obtained from Parthiban and Gajivaradhan

[21]. The specific data can be found in Table 3. The data consists

of recorded counts of defective articles produced by the two

machines within an hour. Upon analyzing the data, it becomes

evident that the existing test mentioned in Kanji [20] is not suitable

for testing the null hypothesis (H0), which assumes that both

machines produce the same number of defectives. Instead, the

alternative hypothesis (H1) states that the two machines do not

produce the same number of defectives. Therefore, to test these

hypotheses, the application of the neutrosophic chi-square test is

deemed appropriate. This test allows for the examination of both

the null and alternative hypotheses. For the actual data, we proceed

to implement the proposed test, and the resulting value of the

neutrosophic test statistic is calculated as follows:

χ2
N = 0.4430+ (−0.2795)IN; INǫ [0, 0.5848] (4)

The proposed test will be implemented as follows:

Step-1: H0: two machines produce the same number of

defectives vs. H1: two machines do not produce the same

number of defectives.

Step-2: Specified the level of significance α =0.05 and the

tabulated value is 5.02.

Step-3: The calculated value of neutrosophic test statistic is

χ2
N = 0.4430+ (−0.2795)IN; INǫ [0, 0.5848].

Step-4: Compare the calculated value of χ2
N with the tabulated

value of 5.02. If χ2
N is ≤5.02, the null hypothesis cannot

be rejected. Therefore, it is concluded that both machines

produce the same number of defectives within an hour.

TABLE 2 Neutrosophic 2 × 2 table with measure of indeterminacy.

Class 1 Class 2 Total

Sample 1 aN = aL + aU IN ; INǫ [IL , IU ] bN = bL + bU IN ; INǫ [IL , IU ]
[

aN , bN
]

Sample 2 cN = cL + cU IN ; INǫ [IL , IU ] dN = dL + dU IN ; INǫ [IL , IU ]
[

cN , dN
]

Total [aL + cL , aU + cU ]
[

cL + dL , bU + dU
]

[nL , nU ]
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TABLE 3 The numerical data.

Machines Machine-I Machines-II Total

Production time (in hours) [1,1] [1,1] [2,2]

Number of defectives 10 + 15IN ; INǫ [0, 0.33] 26 + 32IN ; INǫ [0, 0.19] 36 + 47IN ; INǫ [0, 0.23]

Total 11 + 16IN ; INǫ [0, 0.31] 27 + 33IN ; INǫ [0, 0.18] 38+ 49IN ; INǫ [0, 0.22]

4. Comparative study

Now, let us compare the performance of the proposed chi-

square test with the existing chi-square test in terms of flexibility,

informativeness, and adequacy. As previously mentioned, the

neutrosophic chi-square test serves as a generalization of the

existing chi-square test. When there are no indeterminate

observations in the data, the proposed test simplifies to the

existing chi-square test. In the numerical example provided, the

neutrosophic value of the test statistic is represented as χ2
N =

0.4430 − (0.2795)IN; INǫ [0, 0.5848], where IN falls within the

range of [0, 0.5848]. The initial value of 0.4430 signifies the values

obtained from the existing test statistic under classical statistics.

The subsequent part (0.2795)IN , represents the indeterminate

component, and the measure of indeterminacy is 0.5848. From

the analysis conducted, it becomes evident that the proposed test

yields results within an indeterminate interval instead of providing

an exact value. Considering the nature of the data, which is

presented within an indeterminate interval, the use of the existing

test could potentially mislead decision-makers. Hence, the existing

test mentioned in Kanji [20] is not suitable for datasets containing

indeterminate intervals. On the other hand, the proposed test

provides results for the test statistic ranging from 0.4430 to 0.2795.

Additionally, the proposed test supplies information regarding the

measure of indeterminacy, which is calculated to be 0.5848. This

measure indicates a high level of indeterminacy during the test

implementation. Consequently, the proposed test demonstrates

greater efficiency than the existing test in terms of flexibility and

provision of information.

5. Concluding remarks

In this paper, we proposed a neutrosophic chi-square test for

consistency, which incorporates neutrosophic statistics to handle

imprecise data. Our test modifies the existing chi-square test for

consistency by considering the uncertainties inherent in the data.

We introduced a novel test statistic that accounts for the imprecise

nature of the data, providing a more accurate assessment of

consistency. To evaluate the performance of our proposed test, we

conducted a comparative analysis with the traditional chi-square

test based on classical statistics. Through our comparative analysis,

we demonstrated that the proposed neutrosophic chi-square

test for consistency outperforms its classical counterpart. The

traditional chi-square test assumes precise and deterministic data,

which can be inadequate for scenarios involving imprecise data.

In contrast, our test incorporates the principles of neutrosophic

statistics, allowing for a more comprehensive representation

and analysis of uncertainties. The neutrosophic chi-square test

provides results within an indeterminate interval, which accurately

reflects the imprecise nature of the data. We illustrated the

application of our test using data from the production process,

showcasing its effectiveness in practical scenarios. The proposed

neutrosophic chi-square test for consistency offers enhanced

accuracy and reliability when dealing with imprecise data. By

considering uncertainties and indeterminacies, our test provides

a more realistic and nuanced analysis, contributing significantly

to the field of statistical analysis. Neutrosophic statistics, as a

specialized branch of statistics, offers a powerful framework for

handling uncertainty and imprecise information. By incorporating

neutrosophy, our test enables researchers to gain deeper insights

and make more informed decisions in the face of uncertainty.

In conclusion, the proposed neutrosophic chi-square test for

consistency presents a valuable advancement in statistical analysis,

particularly in situations where data uncertainty and imprecision

are prevalent. Its ability to handle imprecise and incomplete

data, along with its flexibility in modeling uncertainty, makes

it applicable to a wide range of fields. The integration of

neutrosophic statistics provides a more comprehensive framework

for representing and analyzing uncertainties, thereby contributing

to the improvement of statistical analysis methodologies. There are

several limitations and drawbacks associated with the proposed

test within the framework of neutrosophic statistics. Given that

neutrosophic tests are designed for handling complex or imprecise

data, the interpretation of test results becomes notably challenging.

Additionally, there is a shortage of specialized computer software

for the analysis of imprecise data, representing a promising

avenue for future research and development. Further research

opportunities also exist in the exploration of various statistical

properties of the proposed test.
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