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Abstract 

The existing Z-test for comparing sequential contingencies under classical statistics can 
be implemented only in the presence of certain frequencies, and the level of signifi-
cance. The existing Z-test for comparing sequential contingencies cannot be applied 
when uncertainty/indeterminacy is found in observed frequencies, and the level of 
significance. To apply frequencies, Z-test for comparing sequential contingencies under 
indeterminate environment its modification under neutrosophic statistics will be given 
in this paper. The decision procedure of the Z-test for comparing sequential contingen-
cies under neutrosophic statistics will be given with the help of an example selected 
from the psychology field. From the comparison, the proposed Z-test for comparing 
sequential contingencies was found to be more effective and more informative than 
the Z-test for comparing sequential contingencies.

Keywords:  Classical statistics, Neutrosophic statistics, The power of the test, 
Simulation, Physiology data

Introduction
The Z-test has been applied to investigate whether the means of two underlying popula-
tions are different. Usually, Z-test is applied when the population variance is assumed 
to be known and the sample size is larger than 30. The Z-test is applied to test the null 
hypothesis that two population means are equal vs. the alternative hypothesis that two 
population means are not equal. The null hypothesis is rejected if the calculated Z-test 
value is greater than the tabulated value at a specific level of significance. Z-test for com-
paring sequential contingencies has been applied for investigating whether there is a 
significant difference in sequential connection across the groups in 2× 2 contingency 
table [8]. This type of test utilizes the idea of logit function and logit transformation. 
The logit function is based on a quantile function that is associated with the standard 
logistic distribution and has many applications in data transformation and data analysis, 
see [https://​en.​wikip​edia.​org/​wiki/​Logit]. According to Holland [7] “the logit transfor-
mation is the log of the odds ratio, that is, the log of the proportion divided by one minus 
the proportion”. The Z-test for comparing sequential contingencies used the logit trans-
formation for testing the null hypothesis of independence vs. the alternative hypothesis 
that two characteristics are associated. The efficiency of the test can be evaluated using 
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the power of the test. The power of the test is stated as the chance of rejecting the null 
hypothesis when it is false. The high power of the test indicates a high probability of 
perceiving a true effect. Kanji [8] applied the Z-test for comparing sequential contingen-
cies in assessing the behavior of spouse behavior. Meeker [13] proposed the sequential 
test for 2× 2 contingency table. Rayalu et al. [14] discussed the application of the test in 
pharmacy. Amiri and Modarres [1] discusses the advantages of contingency tables. Lee 
et al. [11] presented the associated test for small size sequencing data. More applications 
of the test can be seen [12].

Neutrosophic statistics is an extension of classical statistics and is applied to analyze 
the data having neutrosophic numbers, see [16]. Neutrosophic statistics has been applied 
to analyze and interpret indeterminate data. Chen et al. [4, 5] discussed the applications 
of neutrosophic statistics. In practice, the decision-makers get more indeterminate data 
than determinate data due to the complex process; therefore, neutrosophic statistics get 
attention due to the application for indeterminate data. Duan et al. [6], Khan et al. [9, 10] 
proposed the neutrosophic exponential distribution, gamma distribution, and Rayleigh 
distribution, respectively. More applications of neutrosophic statistical tests can be seen 
in Aslam et al. [2, 3] and Sherwani [15].

The existing Z-test for comparing sequential contingencies under classical statistics 
cannot be applied when uncertainty/indeterminacy is found during the implementation 
of the test. By exploring the literature and according to the best of the author’s knowl-
edge, there is no work on Z-test for comparing sequential contingencies using neutro-
sophic statistics. In this paper, the modification of the Z-test for comparing sequential 
contingencies using neutrosophic statistics will be presented. The application of the pro-
posed Z-test for comparing sequential contingencies will be given with the help of an 
example. It is expected that the proposed Z-test for comparing sequential contingencies 
under neutrosophic statistics will perform better than the existing Z-test for comparing 
sequential contingencies in terms of information.

Methodology
The existing Z-test for comparing sequential contingencies using classical statistics 
is only applied when the decision-makers are certain about parameters, level of sig-
nificance, and observations. In practice, particularly in the testing of a hypothesis, the 
uncertainty about frequency and or level of significance is always presented. The existing 
Z-test for comparing sequential contingencies using classical statistics cannot be applied 
in uncertain situations. This section presents the modification of the Z-test for com-
paring sequential contingencies under neutrosophic statistics. The methodology of the 
proposed Z-test for comparing sequential contingencies under neutrosophic statistics is 
explained as follows: under neutrosophy, let WtN be person’s antecedent behaviors and 
can assume one of the following values [8].

Let HtN+1 be spouse’s consequent behaviors and can assume one of the following 
values

(1)WtN =

{
1 for negative effect
0 for positive effect



Page 3 of 9Aslam ﻿Journal of Big Data           (2023) 10:24 	

The logit transformation has been applied to investigate the association in contin-
gency tables and used to find the marginal total using sensitive or insensitive row 
totals. The neutrosophic logit transformation can be expressed as follows

Note here that logit(PL) presents the lower logit transformation (determinate logit 
transformation), and logit(PU )IPN present the upper logit transformation (indetermi-
nate logit transformation) and IPN presents the measure of indeterminacy associated 
with neutrosophic logit transformation.

The neutrosophic logit transformation can be written as

Note here that the first value on the right side of Eq.  (4) presents the determinate 
part; the second value presents the indeterminate part and IPN ǫ

[
IPL , IPU

]
 is the meas-

ure of uncertainty associated with neutrosophic logit transformation. The neutro-
sophic statistic βiN ǫ[βiL,βiU ] is based on the logarithm of the “odds ratio” and given 
by [8]

where βiL is determinate and is defined by

and βiU IβN is indeterminate part, where IβN is measure of indeterminacy and βiU is given 
by

Let us have a 2× 2 contingency table having neutrosophy (Table 1).
Note that the first values in each cell show the determinate part, the second values 

show the indeterminate part, and IaN shows the indeterminacy for the first cell. By fol-
lowing [8], the values of βi1N ǫ[βi1L,βi1U ] for antecedent behaviors can be computed as

(2)HtN+1 =

{
1 for negative effect
0 for positive effect

(3)logit(PN ) = logit(PL)+ logit(PU )IPN ; IPN ǫ
[
IPL , IPU

]

(4)logit(PN ) = loge

(
PL

1− PL

)
+ loge

(
PU

1− PU

)
IPN ; IPN ǫ

[
IPL , IPU

]

(5)βiN = βiL + βiU IβN ; IβN ǫ
[
IβL , IβU

]

βiL = logit
[
Pr
(
HtL+k = 1|WtL = 1

)]
− logit

[
Pr
(
HtL+k = 1|WtL = 0

)]

βiU = logit
[
Pr
(
HtU+k = 1|WtU = 1

)]
− logit

[
Pr
(
HtU+k = 1|WtU = 0

)]

Table 1  The neutrosophic 2× 2 contingency table

Antecedent behaviors
WtN+1

Non-antecedent behaviors
WtN+1

HtN 1 0 1 0

1 aL + aUIaN bL + bUIbN aL + aUIaN bL + bUIbN

0 cL + cUIcN dL + dUIdN cL + cUIcN dL + dUIdN
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where log
(
aLdL
bLcL

)
 and log

((
aUdU
bUcU

))
Iβ1N present the determinate and indeterminate 

parts, respectively and Iβ1N is the measure of indeterminacy.
The values of βi2N ǫ[βi2L,βi2U ] for non-antecedent behaviors can be computed as

where log
(
aLdL
bLcL

)
 and log

((
aUdU
bUcU

))
Iβ2N present the determinate and indeterminate 

parts, respectively and Iβ2N is measure of the indeterminacy.
The following test statistic ZN ǫ[ZL,ZU ] is the extension of the test statistics proposed 

by [8] and will be applied for testing whether βiN ǫ[βiL,βiU ] is different across groups

where fiN ǫ[fiL, fiU ] be the ith cell frequency, ZN ǫ[ZL,ZU ] be a neutrosophic standard nor-
mal distribution and IβN is the measure of indeterminacy associated with ZN ǫ[ZL,ZU ] . 
Suppose that the decision-makers are uncertain about the level of significance. Let 
αN = αL + αUIαN ; IαN ǫ

[
IαL , IαU

]
 be the neutrosophic form of the level of significance. 

Note here that αL presents the level of significance when decision-makers are uncer-
tain about it, the second part αUIαN denotes the indeterminate part and IαN ǫ

[
IαL , IαU

]
 

is the measure of indeterminacy associated with the level of significance. The value of 
ZN ǫ[ZL,ZU ] and computed and compared with the tabulated value ZCN ǫ[ZCL,ZCU ] at 
αN ǫ[αL,αU ] level of significance. The null hypothesis H0 : βiN ǫ[βiL,βiU ] is not differ 
cross the groups vs. the alternative hypothesis H1 : βiN ǫ[βiL,βiU ] is differ significantly 
across the groups.

Application of the proposed test
In this section, the application of the proposed Z-test for comparing sequential contin-
gencies will be given using the data of spouse’s behavior for couples in financial distress. 
According to [8] “A social researcher wishes to test a hypothesis concerning the behav-
ior of adult couples. She compares a man’s behavior with a consequent spouse’s behav-
ior for couples in financial distress and for those not in financial distresses”. The data is 
selected from [8] and reported in Table 2. Kanji [8] presented the Z-test for comparing 

(6)βi1N = log

(
aLdL

bLcL

)
+ log

((
aUdU

bUcU

))
Iβ1N ; Iβ1N ǫ

[
Iβ1L , Iβ1U

]
; i = 1, 2

(7)βi2N = log

(
aLdL

bLcL

)
+ log

((
aUdU

bUcU

))
Iβ2N ; Iβ2N ǫ

[
Iβ2L , Iβ2U

]
; i = 1, 2

(8)
ZN =

(βi1L − βi2L)√∑(
1
fiL

) +
(βi1U − βi2U )√∑(

1
fiU

) IβN ; IβN ǫ
[
IβL , IβU

]

Table 2  The spouse’s behavior data [8]

Distressed couples
WtN+1

Non-distressed 
couples
WtN+1

HtN 1 0 1 0

Financial distress 1 76 100 80 63

Not in financial distress 0 79 200 43 39
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sequential contingencies when certainty is presented during the implementation of the 
test. Suppose that decision-makers are uncertain about the level of significance with 
the measure of indeterminacy IαN ǫ[0, 0.50] . Let αL = 0.05 and IαU = 0.50 which yield 
αN = 0.05+ 0.10IαN ; IαN ǫ[0, 0.50] . From [8], the calculated value of ZN ǫ[1.493, 1.493] . 
The tabulated values at αN ǫ[0.05, 0.10] are [1.96, 1.64]. By comparing ZN ǫ[1.493, 1.493] 
with the tabulated values [1.96, 1.64], it can be seen that when the decision-makers are 
uncertain about the level of significance, according to [8] “She concludes that there is 
insufficient evidence to suggest financial distress affects couples’ behavior in the way she 
hypothesizes”. On the other hand, by comparing ZN ǫ[1.493, 1.493] with the indetermi-
nate level of significance, the same conclusion can be obtained. But the calculated values 
of ZN ǫ[1.493, 1.493] close to the tabulated value 1.64. From the analysis it can be seen 
that although the null hypothesis is not rejected in uncertain environment, the values of 
ZN ǫ[1.493, 1.493] close to the tabulated value so the decision-makers should be careful 
while making decisions about the null hypothesis.

Application for uncertain frequency

Now, the example for uncertain frequency will be given. Suppose that there is indetermi-
nacy/uncertainty in frequencies. Table 3 shows some frequencies in intervals rather than 
the exact value. Therefore, the proposed test can be applied when the frequencies are 
presented in the interval.

The calculated values of βi1L , βi1U , βi2L and βi2U for this data are given as

The statistic ZN ǫ[ZL,ZU ] for this data is given as

Let α = 0.05 and tabulated value is 1.96. By comparing ZN ǫ[1.4504, 1.493] with tab-
ulated value 1.96, it can be concluded that there is an insufficient indication to advise 
financial distress affects couples’ behavior with the degree of uncertainty that is 0.0285.

Simulation study
This section discusses the effect of an uncertain level of significance on the decision 
about the null hypothesis. To see the effect, various values of the measure of indetermi-
nacy IαU are considered. We consider the determinate values of αL are as: 0.001 , 0.0026 , 
0.02 , 0.05 , 0.20 and the measure of indeterminacy IαU = 0.5, 0.74, 0.5614, 0.5 and 0.3711. 
The neutrosophic form of αN ǫ[αL,αU ] for these measures of indeterminacy are shown in 

βi1L = 0.6041,βi2U = 0.654,βi2L = 0.1027,βi2U = 0.141

ZN = 1.4504 + 1.493IβN ; IβN ǫ[0, 0.0285]

Table 3  The spouse’s behavior data with indeterminacy

Distressed couples
WtN+1

Non- distressed 
couples
WtN+1

HtN 1 0 1 0

Financial distress 1 [73,76] 100 [79,80] 63

Not in financial distress 0 79 [198,200] 43 [38,39]
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Table 4. From Table 4, it can be seen that there is no effect on the decision about the null 
hypothesis when IαU > 0.50. It is important to note that when IαU = 0.3711, the decision 
about the null hypothesis has been changed from “do not reject H0 ” to “reject H0 ”. From 
Table 4, it can be noted when the determinate value of αL > 0.10, the decision about H0 is 
changed. Therefore, the increase in αL may affect the decision about the null hypothesis.

Sensitivity analysis
To study the sensitivity when the level of significance is uncertain, the results were 
given in Table  4 will be utilized. From Table  4, it can be noted that when IαU is from 
0.50 to 0.74, the decision about the acceptance of the null hypothesis should be remain 
the same. When IαU = 0.3711, the decision about the null hypothesis is changed from 
acceptance to the rejection of the null hypothesis. From Table 4, it is quite clear that the 
decision about the null hypothesis does effected when there is a change in the level of 
significance. Therefore, the proposed method when the level of significance is uncertain 
is not much sensitive. The proposed method is sensitive for higher values of the level of 
significance.

Advantages
The proposed Z-test for comparing sequential contingencies using neutrosophic statis-
tics is a generalization of the Z-test for comparing sequential contingencies using clas-
sical statistics. We will compare the efficiency of the proposed Z-test for comparing 
sequential contingencies using neutrosophic statistics with Z-test for comparing sequen-
tial contingencies using classical statistics in terms of level of significance. As mentioned 
earlier, αL denotes a certain level of significance. The neutrosophic form of level of signif-
icance for the spouse’s behavior data is αN = 0.05+ 0.10IαN ; IαN ǫ[0, 0.50] . The proposed 
neutrosophic form of the level of significance reduces to αL when IαL=0. The second part 
0.10IαN denotes the indeterminate level of significance and IαU = 0.50 is the specified 
measure of indeterminacy. From the study, it can be seen that the proposed test uses the 
level of significance in interval rather than the exact level of significance. For example, in 
implementing of the proposed test Z-test for comparing sequential contingencies, the 
level of significance can be from 0.05 to 0.10 with the measure of indeterminacy 0.50. On 
the other hand, the existing Z-test for comparing sequential contingencies using classi-
cal statistics gives only information about the determinate level of significance. Based 
on the study, it is concluded that the proposed test is quite flexible in using the level of 
significance as compared to the existing Z-test for comparing sequential contingencies 
using classical statistics.

Table 4  Effect of level of significance in decision-making

IαN ǫ
[

IαL , IαU

]

αN = αL + αUIαN ZNǫ[ZL, ZU ] ZCNǫ[ZCL, ZCU ] Decision about H0

[0, 0.5000] 0.001+ 0.002IαN ZNǫ[1.493, 1.493] [3.29,3.09] Do not reject H0

[0, 0.7400] 0.0026+ 0.01IαN ZNǫ[1.493, 1.493] [3.00,2.58] Do not reject H0

[0, 0.5614] 0.02+ 0.0456IαN ZNǫ[1.493, 1.493] [2.33,2.00] Do not reject H0

[0, 0.5000] 0.05+ 0.10IαN ZNǫ[1.493, 1.493] [1.96,1.64] Do not reject H0

[0, 0.3711] 0.20+ 0.318IαN ZNǫ[1.493, 1.493] [1.28,1.00] Reject H0
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Power of the test
This section discusses the power of the proposed Z-test for comparing sequential con-
tingencies. Suppose that α be the type-I error that means the probability of committing 
the error of accepting the null hypothesis when it is true and (1− β) be the power of the 
test, where β is the probability of accepting when it is false. To study the power of the 
test, various values of α are considered. The power of the test for the proposed Z-test for 
comparing sequential contingencies under neutrosophic statistics and Z-test for com-
paring sequential contingencies using classical statistics are shown in Table 5. The power 
curve of the proposed test is also shown in Fig. 1. From Fig. 1, it can be seen that the 
power of the proposed sequential contingencies under neutrosophic statistics is in an 
indeterminate environment. The lower curve presents the power of the sequential con-
tingencies under classical statistics. In Fig. 1 and Table 5, it is clear that the power of the 
test decreases as α values increase.

Discussion
The Z-test for comparing sequential contingencies under neutrosophic statistics reduces 
to Z-test for comparing sequential contingencies under classical statistics when no 
ambiguity is found during the implementation of the test. The proposed test performs 

Table 5  Power of the test of two tests

α Proposed test Existing test

0.01 [0.9888,0.9912] 0.989

0.02 [0.9805,0.9854] 0.9825

0.025 [0.9696,0.9818] 0.9757

0.05 [0.944,0.9637] 0.9479

0.075 [0.9194,0.9353] 0.9234

0.1 [0.8896,0.8968] 0.8956

Fig. 1  The power curves of test
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better than the existing Z-test for comparing sequential contingencies. The proposed 
test has some limitations that it can be applied only when the decision-makers are 
uncertain about the level of significance or in frequency. The proposed Z-test for com-
paring sequential contingencies under neutrosophic statistics can be applied when the 
logit transformation can be done and 2× 2 contingency table is available.

Concluding remarks
The Z-test for comparing sequential contingencies under neutrosophic statistics was 
introduced in the paper. The proposed Z-test for comparing sequential contingencies 
under neutrosophic statistics was a generalization of the existing Z-test for comparing 
sequential contingencies under classical statistics. The testing procedure of the proposed 
Z-test for comparing sequential contingencies was explained with the help of an exam-
ple. The study showed that the proposed test can be applied in decision-making in an 
indeterminate environment. The proposed Z-test for comparing sequential contingen-
cies under neutrosophic can be applied in phycology, medical science, political science, 
and industry when uncertainty is presented in frequency and level of significance. The 
proposed Z-test for comparing sequential contingencies using big data can be studied as 
future research.
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