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ABSTRACT. The statistical tests have been applied under the assumption that the observations in the 

sample should be random. The existing run test for randomness is applied when no uncertainty is 

presented. In practice, when implementing the test, the uncertainty is always present and should be 

evaluated in implementing the statistical tests. In this paper, the modification of the existing run test for 

randomness is presented using the idea of neutrosophic statistics. The proposed neutrosophic run test for 

randomness will be applied when the decision-makers are uncertain about the level of significance, 

observations, and sample size. The application of the proposed test will be given using the data of 

women with HIV/AIDS. From HIV/AIDS Data, it is concluded that the presence of indeterminacy may 

affect the decision about the null hypothesis.  

 

1. Introduction 

Mostly, the statistical tests are applied under the assumption that the data obtained from the 

sample should be random. Therefore, before implementing the statistical test, the randomness 

in the sample is checked using the run test. The run test is easy to apply and interpret. The run 

test is applied to test the null hypothesis that the data is random vs. the alternative hypothesis 

that the data is departed from the randomness. The median of the data is calculated and +signs 
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are assigned when the observation is larger than the median and -signs are assigned when the 

observations are less than the median. The run scope is calculated based on the sequence of 

signs and compared with the tabulated values. The null hypothesis is accepted if the calculated 

runs are within the tabulated values, otherwise, the alternative hypothesis is accepted [1] 

presented the method and application of the run test. [2] discussed the applications of the run 

test. [3] worked on multivariate run test. [4] applied the run test using the idea of the length of 

runs. More application of the test can be seen in [5].     

The statistical tests have been applied in the medical field for testing the medical hypothesis 

and forecasting purposes. [6] presented the modeling for HIV data. [7] applied the run test 

using the data obtained from the clinical survey. [8] applied the test for DNA data. [9] presented 

the statistical analysis for HIV data. [10] applied the statistical analysis of HIV data collected 

from Nigeria. [11] worked on the randomness of the data obtained from the clinical trials. More 

applications of the statistical tests in the field of medicine can be seen in [12], [13], [14], [15] and 

[16].  

The fuzzy logic gets important when the data in hand is vague and the classical tests cannot be 

applied for the decision-making. As mentioned by [17] mentioned that “statistical data are 

frequently not precise numbers but more or less non-precise also called fuzzy. Measurements of 

continuous variables are always fuzzy to a certain degree”. By analyzing the vague data, the 

fuzzy-based tests give only information about the measure of truth and the measure of 

indeterminacy. The applications of the statistical tests/analysis using the fuzzy logic can be seen 

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

The fuzzy-logic ignores the information about the measure of indeterminacy while analyzing 

the vague data. The neutrosophic logic that is called the generalization of fuzzy logic was 

introduced by [28]. The neutrosophic logic can be applied for any type of set and gives 

information about the measure of uncertainty/indeterminacy when analyzing the interval or 

vague data. More details with the application of the neutrosophic logic can be seen in [29] and 

[30]. The neutrosophic logic was used by [31] to extend the theory of classical statistics. Classical 

statistics has no able to deal with the vague information that can be expected when the process 

is complex or parameters under study are indeterminate. [32] and [33] worked on the methods 

to analyze the neutrosophic data. [34], [35] and [36] proposed some statistical tests using the 
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idea of neutrosophy. Aslam [37] worked on the negative binomial distribution and related 

algorithm using the neutrosophic statistics. Aslam  [38] proposed the Bayes estimator using 

neutrosophic statistics and presented the application and extensive simulation study.  

The run tests available in the literature cannot be applied when the data is vague and have 

uncertain, imprecise, and indeterminate observations. By exploring the literature and the best of 

our knowledge, there is no work on run test for randomness using the neutrosophic statistics. In 

this paper, we will introduce the neutrosophic run test for randomness when uncertainty is 

found in the observations, level of significance, and sample size. The application of the 

proposed test will be given on the data of women with HIV/AIDS data. It is expected that the 

proposed test will be effective to be applied when uncertainty is present in the observations, 

level of significance, and the sample size. It is expected that the proposed test will be powerful 

test than the existing run test under classical statistics.     

 

2. Methodology 

The existing test under classical statistics is applied for testing the randomness in the sample 

when the decision-makers are uncertain about the sample size, level of significance (𝛼) and 

observations in the data. But in practice, when applying the statistical tests, the uncertainty is 

always presented that is ignored in implementing the statistical tests. In this section, we will 

introduce the modification of the existing run test for testing the randomness in the sample 

using the idea of neutrosophy. Suppose that 𝑛𝑁 = 𝑛𝐿 + 𝑛𝑈𝐼𝑛𝑁
; 𝐼𝑛𝑁

𝜖[𝐼𝑛𝐿
, 𝐼𝑛𝑈

] be neutrosophic 

random sample having lower value 𝑛𝐿, indeterminate part 𝑛𝑈𝐼𝑛𝑁
, and the measure of 

indeterminacy 𝐼𝑛𝑁
𝜖[𝐼𝑛𝐿

, 𝐼𝑛𝑈
]. Note that when 𝐼𝑛𝑈

=0, 𝑛𝑁 = 𝑛𝐿. Suppose that 𝐾𝑁 = 𝐾𝐿 +

𝐾𝑈𝐼𝐾𝑁
; 𝐼𝐾𝑁

𝜖[𝐼𝐾𝐿
, 𝐼𝐾𝑈

] present the neutrosophic value of the number of runs has a lower value 𝐾𝐿, 

indeterminate part 𝐾𝑈𝐼𝐾𝑁
, and the measure of indeterminacy 𝐼𝐾𝑁

𝜖[𝐼𝐾𝐿
, 𝐼𝐾𝑈

]. Note that a 

succession of the values with +sign or -sign is called a run. The operational process of the 

proposed test is given as: all observations larger than the median of the data are assigned +sign 

and all observations are less than the median is assigned -sign. In the case of the odd number of 

observations, the median observation is ignored in counting 𝐾𝑁𝜖[𝐾𝐿, 𝐾𝑈]. The proposed test will 

be implemented as follows.       
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Case-I: when 𝒏𝑵𝝐[𝒏𝑳, 𝒏𝑼] > 𝟑𝟎         

When 𝑛𝑁𝜖[𝑛𝐿 , 𝑛𝑈] > 30, the test statistic 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] is compared with neutrosophic normal 

distribution having the following mean  

𝜇𝑁 = 𝜇𝐿 + 𝜇𝑈𝐼𝜇𝑁
; 𝐼𝜇𝑁

𝜖[𝐼𝜇𝐿
, 𝐼𝜇𝑈

]                                                  (1) 

where 𝜇𝑁 = (𝑛𝑁 + 1); 𝑛𝑁𝜖[𝑛𝐿 , 𝑛𝑈], 𝜇𝐿 is the lower value of the interval, 𝜇𝑈𝐼𝜇𝑁
 is the upper value 

of the interval, and 𝐼𝜇𝑁
𝜖[𝐼𝜇𝐿

, 𝐼𝜇𝑈
] is the indeterminacy. The neutrosophic variance of the statistic 

is given by 

𝜎𝑁
2 = 𝜎𝐿

2 + 𝜎𝑈
2𝐼𝜎𝑁

2 ; 𝐼𝜎𝑁
2 𝜖 [𝐼𝜎𝐿

2 , 𝐼𝜎𝑈
2 ]                                  (2) 

where 𝜎𝑁
2 = 1 2⁄ (2𝑛𝑁 − 2) (2𝑛𝑁 − 1)⁄ ; 𝑛𝑁𝜖[𝑛𝐿, 𝑛𝑈], 𝜎𝐿

2 is the lower value of the interval, 𝜎𝑈
2𝐼𝜎𝑁

2  is 

the upper value of the interval, and 𝐼𝜎𝑁
2 𝜖 [𝐼𝜎𝐿

2 , 𝐼𝜎𝑈
2 ] is the indeterminacy.  

Case-II: when 𝒏𝑵𝝐[𝒏𝑳, 𝒏𝑼] < 𝟑𝟎         

When 𝑛𝑁𝜖[𝑛𝐿 , 𝑛𝑈] < 30, the values of the test statistic 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] is compared with the critical 

value at 𝛼, see [1]. The null hypothesis (𝐻0) is rejected if 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] is greater than the 

tabulated value, otherwise the alternative hypothesis (𝐻1) is accepted. The proposed test can be 

implement using the following steps. 

Step-1: State 𝐻0: the observations in the sample are random vs. the alternative hypothesis 𝐻1: 

observations in the sample are departures from randomness. 

Step-2: State the level of significance (𝛼) and select the critical values from [1].  

Step-3: Count the number of runs 𝐾𝑁𝜖[𝐾𝐿, 𝐾𝑈] 

 Step-4: Accept 𝐻0 if 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] is within the acceptance region.   

The operational processes of the proposed test for case-I and case-II are shown in Figures 1-2.  
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           Figure 1: The operational procedure of the proposed run test for case-I 
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           Figure 2: The operational procedure of the proposed run test for case-II 
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3. Application using HIV/AIDS Data 

This section addresses the application of the proposed neutrosophic run test using HIV/AIDS 

Data. [39] conducted a survey about women with HIV/AIDS. The information about the 

women having HIV/AIDS is collected from the interview method. The main questions were 

about the age of women with HIV/AIDS, age at marriage of women with HIV/AIDS, education 

of women with HIV/AIDS, and years living with HIV/AIDS. The data of the first variable was 

retrieved from [39] and reported in Table 1. To implement the proposed test, the values for the 

second variable are generated using simulation. Table 1 shows the different sample sizes for 

each variable. The decision-makers are interested to test whether the observations belonging to 

each variable is random or not. For testing the randomness of HIV/AIDS data, it is assumed 

that the decision-makers are uncertain about the size of the sample. The measure of uncertainty 

in the sample is 𝐼𝑛𝑁
=20%.  They decided to use the proposed test to see the randomness in 

HIV/AIDS data. Suppose that 𝑛𝑁𝜖[8,10] and level of significance 𝛼=2%. As, 𝑛𝑁𝜖[𝑛𝐿 , 𝑛𝑈] < 30, 

using case-II, the analysis of the proposed runs test is shown in Table 2. Table 2 presents the 

values of 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] for age of women with HIV/AIDS, age at marriage of women with 

HIV/AIDS, education of women with HIV/AIDS, and years living with HIV/AIDS. The 

proposed test using the data of women with HIV/AIDS is stated as follows  

Step-1: State 𝐻0: the observations in the age of women with HIV/AIDS, age at marriage of 

women with HIV/AIDS, education of women with HIV/AIDS, and years living with 

HIV/AIDS are random vs. the alternative hypothesis 𝐻1: observations in the age of women with 

HIV/AIDS, age at marriage of women with HIV/AIDS, education of women with HIV/AIDS, 

and years living with HIV/AIDS are a departure from randomness. 

Step-2: State the level of significance (𝛼 = 0.02) and select the critical values from [1].  

Step-3: Count the number of runs as shown in Table 2   

 Step-4: Accept 𝐻0 if 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] is within the acceptance region.   

The decision about 𝐻0 for all variables is shown in Table 2. From Table 2, it can be seen that 

under indeterminacy, the randomness is found in the age of women with HIV/AIDS, age at 

marriage of women with HIV/AIDS, and years living with HIV/AIDS. On the other hand, the 

observations in the education of women with HIV/AIDS are departed from the randomness. 



Int. J. Anal. Appl. (2025), 23:28 7 

 

The neutrosophic forms of the statistic 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] along with the measure of indeterminacy are 

shown in Table 3. From Table 3, it can be seen that the indeterminacy is found in the age of 

women with HIV/AIDS, age at marriage of women with HIV/AIDS. The operational process 

for HIV/AIDS is shown in Figure 3.   

Table 1: The data of women with HIV/AIDS 

Variables HIV/AIDS Data 

Age (year) 46 22 40 32 22 24 35 25   

Age (year) 46 22 40 32 22 24 35 25 38 38 

Age at Marriage 15 12 18 15 17 18 17 21   

Age at Marriage 15 12 18 15 17 18 17 21 20 13 

Education 8 2 6 5 5 5 7 5   

Education 8 2 6 5 5 5 7 5 8 5 

Years living with 

HIV/AIDS 8 0.0547 2 2 3 1 2 3   

Years living with 

HIV/AIDS 8 0.0547 2 2 3 1 2 3 

3.5 7 

 

Table 2: Analysis of women with HIV/AIDS 

Variables 𝒏𝑵𝝐[𝒏𝑳, 𝒏𝑼] 𝑲𝑵𝝐[𝑲𝑳, 𝑲𝑼] Decision about 

𝑯𝟎 

Age (year) [8,10] [6,7] Do not reject 

Age at Marriage [8,10] [4,5] Do not reject 

Education [8,10] [3,3] reject 

Years living with 

HIV/AIDS 

[8,10] [5,5] Do not reject 

 

Table 3: the neutrosophic forms using the HIV/AIDS data 

Variables 𝒏𝑵𝝐[𝒏𝑳, 𝒏𝑼] 𝑲𝑵𝝐[𝑲𝑳, 𝑲𝑼] 𝑲𝑵 = 𝑲𝑳 + 𝑲𝑼𝑰𝑲𝑵
 

Age (year) [8,10] [6,7] 6 + 7𝐼𝐾𝑁
; 𝐼𝐾𝑁

 𝜖[0,0.14] 

Age at Marriage [8,10] [4,5] 4 + 5𝐼𝐾𝑁
; 𝐼𝐾𝑁

 𝜖[0,0.20] 

Education [8,10] [3,3] 3 + 3𝐼𝐾𝑁
; 𝐼𝐾𝑁

 𝜖[0,0] 

Years living with HIV/AIDS [8,10] [5,5] 5 + 5𝐼𝐾𝑁
; 𝐼𝐾𝑁

 𝜖[0,0] 
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Figure 3: The operational process for HIV/AIDS 

 

4. Simulation Study 

To see whether the increase in the measure of indeterminacy/uncertainty 𝐼𝐾𝑁
𝜖[𝐼𝐾𝐿

, 𝐼𝐾𝑈
] causes 

the change in 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈], a simulation study if performed for age (year) and age at Marriage of 

women with HIV/AIDS. The values of 𝐼𝐾𝑁
𝜖[𝐼𝐾𝐿

, 𝐼𝐾𝑈
] are chosen from [0,0] to [0,1] for both 

variables under study. A simulation is performed using the neutrosophic forms of two variables 

and the values of 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] are placed in Tables 4-5. Table 4 depicts the values of the statistic 

𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] for age of women with HIV/AIDS and Table 5 depicts the values of the statistic 

𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] for age at marriage of women with HIV/AIDS. From Table 4, it can be noted that 

the values of 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] increase as the values of 𝐼𝐾𝑁
𝜖[𝐼𝐾𝐿

, 𝐼𝐾𝑈
] increase from [0,0] to [0,1]. For 

example, when 𝐼𝐾𝑁
𝜖[0,0], the values of 𝐾𝑁𝜖[6,6]. On the other hand, when 𝐼𝐾𝑁

𝜖[0,1], the values 
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of 𝐾𝑁𝜖[6,13]. For 𝛼=0.02, the tabulated values are 4 and 14, it can be read that as the values of 

𝐼𝐾𝑁
𝜖[𝐼𝐾𝐿

, 𝐼𝐾𝑈
] increase, the values of 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] become close to the upper critical value. The 

decision about 𝐻0 is also shown in Table 4. Table 5, it can be noted that the values of 𝐾𝑁𝜖[𝐾𝐿, 𝐾𝑈] 

increase as the values of 𝐼𝐾𝑁
𝜖[𝐼𝐾𝐿

, 𝐼𝐾𝑈
] increase from [0,0] to [0,1]. For example, when 𝐼𝐾𝑁

𝜖[0,0], 

the values of 𝐾𝑁𝜖[4,4]. On the other hand, when 𝐼𝐾𝑁
𝜖[0,1], the values of 𝐾𝑁𝜖[4,9]. For 𝛼=0.02, 

the tabulated values are 4 and 14, it can be read that as the values of 𝐼𝐾𝑁
𝜖[𝐼𝐾𝐿

, 𝐼𝐾𝑈
] increase, the 

values of 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] become close to the upper critical value. The decision about 𝐻0 is also 

shown in Table 4. 

Table 4: Age (year) 

𝐼𝐾𝑁
 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] Decision about 𝐻0 𝐼𝐾𝑁

 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] Decision about 𝐻0 

[0,0] [6,6] Do not reject 𝐻0 [0,0.18] [6,7] Do not reject 𝐻0 

[0,0.01] [6,6] Do not reject 𝐻0 [0,0.2] [6,7] Do not reject 𝐻0 

[0,0.02] [6,6] Do not reject 𝐻0 [0,0.3] [6,8] Do not reject 𝐻0 

[0,0.04] [6,6] Do not reject 𝐻0 [0,0.4] [6,9] Do not reject 𝐻0 

[0,0.06] [6,6] Do not reject 𝐻0 [0,0.5] [6,10] Do not reject 𝐻0 

[0,0.08] [6,7] Do not reject 𝐻0 [0,0.6] [6,10] Do not reject 𝐻0 

[0,0.10] [6,7] Do not reject 𝐻0 [0,0.7] [6,11] Do not reject 𝐻0 

[0,0.12] [6,7] Do not reject 𝐻0 [0,0.8] [6,12] Do not reject 𝐻0 

[0,0.14] [6,7] Do not reject 𝐻0 [0,0.9] [6,12] Do not reject 𝐻0 

[0,0.16] [6,7] Do not reject 𝐻0 [0,1] [6,13] Do not reject 𝐻0 

 

Table 5: Age at Marriage 

𝐼𝐾𝑁
 𝐾𝑁𝜖[𝐾𝐿, 𝐾𝑈] Decision about 𝐻0 𝐼𝐾𝑁

 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] Decision about 𝐻0 

[0,0] [4,4] Do not reject 𝐻0 [0,0.18] [4,5] Do not reject 𝐻0 

[0,0.01] [4,4] Do not reject 𝐻0 [0,0.2] [4,5] Do not reject 𝐻0 

[0,0.02] [4,4] Do not reject 𝐻0 [0,0.3] [4,6] Do not reject 𝐻0 

[0,0.04] [4,4] Do not reject 𝐻0 [0,0.4] [4,6] Do not reject 𝐻0 

[0,0.06] [4,4] Do not reject 𝐻0 [0,0.5] [4,7] Do not reject 𝐻0 

[0,0.08] [4,4] Do not reject 𝐻0 [0,0.6] [4,7] Do not reject 𝐻0 

[0,0.10] [4,5] Do not reject 𝐻0 [0,0.7] [4,8] Do not reject 𝐻0 

[0,0.12] [4,5] Do not reject 𝐻0 [0,0.8] [4,8] Do not reject 𝐻0 

[0,0.14] [4,5] Do not reject 𝐻0 [0,0.9] [4,9] Do not reject 𝐻0 

[0,0.16] [4,5] Do not reject 𝐻0 [0,1] [4,9] Do not reject 𝐻0 
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5. Advantages 

Several existing tests are the special case of the proposed neutrosophic run test. The proposed 

test reduces to the existing run test under classical statistics if no uncertainty is found in the 

sample size, level of significance, and observations. The proposed test is also an extension of the 

run test under interval-statistics and run test under interval-based analysis. In this section, the 

efficiency of the proposed tests will be compared with the three runs tests in terms of 

information, flexibility and adequacy. The neutrosophic forms of age (year) and age at Marriage 

of women with HIV/AIDS are given as: 𝐾𝑁 = 6 + 7𝐼𝐾𝑁
 𝜖[0,0.14], and 𝐾𝑁 = 4 + 5𝐼𝐾𝑁

 𝜖[0,0.20], 

respectively. Using the neutrosophic results of age (year) and age at Marriage of women with 

HIV/AIDS, it can be seen that the values of the statistic 𝐾𝑁𝜖[𝐾𝐿 , 𝐾𝑈] ranges from 6 to 7 and 4 to 

5, respectively. The first values 6 and 4, respectively show the values of statistic under classical 

statistics. It can be seen that the proposed test gives the results in intervals rather than the exact 

values. Therefore, the proposed test is flexible than the existing run test under classical statistics. 

By comparing the results of the proposed test with the run test under fuzzy logic, it can be seen 

that the proposed test gives the information about three measures that the probability of 

acceptance that 0.98 (a measure of truth) level of significance that is 0.02 (a measure of falseness) 

and the measures of indeterminacy which are 0.14 and 0.20, respectively. Therefore, the 

proposed test is also efficient than the run test under fuzzy logic which gives information about 

only two measures. The proposed test is found to be efficient than the test under interval-

statistics. The interval statistics only utilizes the information within the interval and is unable to 

give information about the measure of indeterminacy. In nutshell, the proposed test is 

informative, flexible and adequate than the existing three-run tests.  

6. Comparisons in Power of Test 

Now the efficiency of the proposed test will be compared with the existing run test under 

classical statistics in terms of the power of the test. As mentioned earlier, the probability of 

rejecting the null hypotheses when it is true is denoted by 𝛼 and the probability of accepting the 

null hypothesis when it is false is called type-II and denoted by 𝛽. The power of the test is 

denoted by1 − 𝛽. The power of both tests for various values of 𝛼 is shown in Table 6. The power 

curves of both tests are shown in Table 6 and curves are shown in Figure 4. From Table 6 and 

Figure 4, it is quite clear that the proposed test gives the higher values of the power of the test as 
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compared to the existing run test under classical statistics. For example, when 𝛼=0.02, the 

power of the proposed test can be expected from 0.62 to 0.64 and the power of the test from the 

existing test is 0.60. From the study, it is concluded that the proposed test is efficient than the 

existing run test in terms of the power of the test.    

 

Figure 4:  power curves of two tests 

 

Table 6: the values of power of the tests 

𝛼 Power of the proposed test Power of the existing test 

0.1 [0.826,0.94] 0.811 

0.05 [0.624,0.822] 0.588 

0.02 [0.624,0.64] 0.608 

0.01 [0.376,0.394] 0.372 
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7. Concluding Remarks 

In this paper, the run test using the idea of neutrosophic logic was presented and applied using 

data obtained from women with HIV/AIDS. The proposed test was the generalization of the 

run test under classical statistics. When all parameters in the test are uncertain, the proposed 

test reduces to the existing test. Using the HIV/AIDS Data, it is concluded that the presence of 

indeterminacy affects the results of the tests. Based on the simulation and comparative studies, 

it is concluded that the proposed test is informative, flexible to be applied in uncertainty. The 

proposed test using big data can be extended for future research. The development of software 

for the proposed test is also a fruitful area of future research.    
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