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The existing t-test of a correlation coefficient works under a determinate environment. In uncertainty, the existing t-test of a correlation coefficient is unable to investigate the significance of correlation. The study presents a modification of the existing t-test of a correlation coefficient using neutrosophic statistics. The test statistic is designed to investigate the significance of correlation when imprecise observations or uncertainties in the level of significance are presented. The test is applied to data obtained from patients with diabetes. From the data analysis, the proposed t-test of a correlation coefficient is found to be more effective than existing tests.
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INTRODUCTION

Correlation analysis is conducted to see the degree of relationship between two variables. Correlation analysis helps in determining the positive or negative correlation between two variables. The value of a correlation coefficient lies between −1 and +1. The computed value of the correlation coefficient from data always lies in this interval. Statistical tests have been conducted in various fields for decision-making purposes. Among the statistical tests, the t-test for correlation is applied to investigate the significance of the correlation between two variables. In the t-test for correlation, the null hypothesis that there is no association between two variables is tested against the alternative hypothesis that two variables are associated. Values of the statistic of the t-test for correlation are calculated from given data and compared with tabulated values. The null hypothesis of no association between two variables is accepted if the calculated value is less than the tabulated value. Bartroff and Song (1) conducted a correlation analysis to investigate the relationship between impact factors and the ranking of electrical journals. Aleixandre-Benavent et al. (2) discussed the correlation between impact factors and published papers' research data. McGillivray and Astell (3) provided a correlation between usage and citations of open access journals. For more information, the reader may refer to Tang and Landes (4) and e Silva et al. (5).

Correlation analysis has been widely applied in medical research. It is conducted to investigate the association between variables causing a specific disease. Schober et al. (6) applied correlation analysis on anesthesia data. Najmi and Balakrishnan Sadasivam (7) provided guidelines for medical students related to statistical tests. Statistical analysis has also been conducted to investigate the relationship among various causes of diabetes.Khan et al. (8) discussed a statistical analysis for patients with diabetes. Liu et al. (9) applied various statistical methods for data on diabetes. Wani et al. (10) investigated the effect of weight and smoking on type-2 diabetes. Nedyalkova et al. (11) presented a statistical analysis on type-2 diabetes. Adaobi et al. (12) presented an analysis using blood glucose data. More information can be seen in Mukasheva et al. (13), Eynizadeh et al. (14), Balamurugan et al. (15), Alsaqr (16), Janse et al. (17), and Sun et al. (18).

Neutrosophic logic was introduced by Smarandache (19), which is the generalization of fuzzy-logic. The former gives information about three measures (truth, false, and indeterminacy), while the latter gives information about two measures (truth and false). Smarandache (20) showed the efficiency of neutrosophic logic over fuzzy-logic and interval-based analysis. Neutrosophic logic has many applications in medical science. Ansari et al. (21) discussed an application of neutrosophic sets in artificial intelligence. Jafar et al. (22) used the neutrosophic logic in medical diagnosis. Basha et al. (23) applied neutrosophic logic in the classification of X-rays of the chest of patients with coronavirus disease 2019 (COVID-19). More information on applications of neutrosophic logic in medical science can be seen in Zhang et al. (24) and Zhang et al. (25). Neutrosophic statistics was developed by Smarandache (26) using the idea of neutrosophy in numbers. Chen et al. (27) and Chen et al. (28) discussed methods to analyze neutrosophic data. Aslam et al. (29) applied neutrosophic statistics on diabetics' data. Ling et al. (30) analyzed neutrosophic numbers in medical waste treatment. More applications can be seen in Das et al.'s studies (31) and Saeed et al.'s studies (32).

Aslam (33) proposed a neutrosophic Z-test for two samples to investigate the relationship between metrological variables. By exploring the literature and to the best of our knowledge, there is still a gap to work on t-test for correlation under neutrosophic statistics for a single sample. We will present the design of a t-test for correlation using neutrosophic statistics in this study. The neutrosophic statistic will be given and applied using data obtained from patients with diabetes. We expect that the proposed t-test for correlation will beat the existing t-tests for correlations in terms of information, adequacy, and flexibility.



METHOD

The existing t-test of a correlation coefficient using classical statistics works only when decision-makers are sure about the parameters involved in the implementation of the test. In practice, it may not be possible to the level of significance, sample size, and observations obtained from a measurement or a complex process are always certain; see, for example, Doll and Carney (34). Modification of the existing t-test of a correlation coefficient is needed to investigate the significance of the correlation between variables in an indeterminate environment. Now, we will develop a t-test of a correlation coefficient using neutrosophic statistics with the expectation that the proposed test will be efficient and a general form of the existing t-test of a correlation coefficient. The procedure of the proposed t-test of a correlation coefficient using neutrosophic statistics will be explained as: Let XN = XL+XUIXN; IXNϵ[IXL, IXU] and YN = YL+YUIYN; IYNϵ[IYL, IYU] be neutrosophic random variables, where the first values denote the determinate parts, the second values denote the indeterminate parts, and IXNϵ[IXL, IXU], and IYNϵ[IYL, IYU] are indeterminacy. Let nN = nL+nUInN; InNϵ[InL, InU] be a neutrosophic random sample of size nNϵ[nL, nU], and αN = αL+αUIαN; IαNϵ[IαL, IαU] be a level of significance under uncertainty, where nL and, αL are determinate values, nUInN and αU, IαN are indeterminate values, and InNϵ[InL, InU] and IαNϵ[IαL, IαU] are measures of uncertainty. Suppose that (XiN, YiN) to be pair data and let rN = rL+rUIrN; IrNϵ[IrL, IrU] be a neutrosophic correlation, where rL is a determinate part, the rUIrN is an indeterminate part, and IrNϵ[IrL, IrU] is the measure of correlations. The neutrosophic correlation rNϵ[rL, rU], by following Aslam and Albassam (35), is defined as:
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where rL = rU, and the neutrosophic correlation rSNϵ[rL, rU] can be written as:

[image: image]

Note that the neutrosophic correlation rNϵ[rL, rU] is a generalization of the existing correlation under classical statistics. The neutrosophic correlation rNϵ[rL, rU] reduces to correlation using classical statistics when IrSL= 0. To test the null hypothesis H0N that there is no correlation between the variables vs. the alternative hypothesis H1N that both variables are associated, the neutrosophic test statistic tNϵ[tL, tU] is defined as:
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The alternative form of tNϵ[tL, tU] is defined as:
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where tL = tU and the neutrosophic correlation tSN ϵ [tSL, tSU] can be written as:
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Note that tNϵ[tL, tU] follows the neutrosophic t-distribution with the degree of freedom nN−2.

Note that the neutrosophic statistics tNϵ[tL, tU] is a generalization of the existing statistics under classical statistics. The neutrosophic statistics tNϵ[tL, tU] reduces to statistic using classical statistics when IrSL= 0.

The proposed t-test of a correlation coefficient will be carried out through the following steps:

Step-1: state H0N:rNϵ[rL, rU] = 0 vs. H1N:rNϵ[rL, rU]≠ 0;.

Step 2: fix the level of significance αN = αL+αUIαN; IαNϵ[IαL, IαU] and select the tabulated value tC from (36);

Step 3: compute statistic tNϵ[tL, tU] and compare with tC;.

Step 4: do not reject H0N:rNϵ[rL, rU] = 0 iftNϵ[tL, tU] < tC.



APPLICATION USING DATA ON DIABETES

To investigate the significance of the correlation between the sugar level and Drinking Glucose Solution about 237 ml contained 75 g of sugar, the data from 320 diabetics patients aged from 45 to 60 were collected from a hospital located in Hafizabad, Pakistan. A group of 20 patients at each age level is formed and the minimum and maximum blood sugar levels are recorded from 16 groups of patients. The schematic diagram to measure blood sugar level is depicted in Figure 1.


[image: Figure 1]
FIGURE 1. Schematic diagram of the data measurement of sugar level in blood.


The data of blood sugar levels are reported in Table 1. The minimum and maximum levels of blood sugar (in mg/dl) after 8 h of fasting (G1) and 2 h after drinking, the glucose solution of about 237 ml and containing 75 g sugar (G2) are shown in Table 1. From Table 1, it can be seen that blood sugar level is expressed in intervals; therefore, investigation on the significance of correlation cannot be performed using the existing t-test for correlation. Decision-makers can apply the proposed t-test for correlation using neutrosophic statistics. To test the null hypothesis H0N that there is no correlation between G1 and G2 vs. H1N that G1 and G2 are associated, the neutrosophic correlation rNϵ[rL, rU] for G1 and G2 is calculated as follows: rN = 0.9900−0.9899IrN; IrNϵ[0, 0.0001]. The value of statistic tNϵ[tL, tU] for G1 and G2 is calculated as: tN = 26.29−26.22ItNϵ[0, 0.0027].


Table 1. Data of sugar levels in the blood.

[image: Table 1]

To investigate the relationship between G1 and G2, the following steps will be carried out:

Step 1: state H0N: no correlation between G1 and G2 vs. H1N: G1 and G2 are associated;

Step 2: fix the level of significance αN = 0.05 and the tabulated value is tC= 1.76 at the degree of freedom 14 from (36);

Step 3: compute statistic tNϵ[tL, tU] = [26.29, 26.22] and compare with tC = 1.76;

Step 4: As [26.29, 26.22 > 1.76], it is concluded that blood sugar levels between G1 and G2 are significant.

Based on the analysis, it can be concluded that there is a significant correlation between 8-h fasting sugar level and 2 h after drinking, the glucose solution of about 237 ml and containing75 g of sugar.



ADVANTAGES

The proposed t-test for correlation is a generalization of t-test for correlation using classical statistics, interval-based statistics, and fuzzy logic. Now, the efficiency of the proposed t-test for correlation will be discussed over these tests in terms of flexibility and information. For comparisons, we will consider the neutrosophic form of the statistic tNϵ[tL, tU] that is tN = 26.29−26.22ItNϵ[0, 0.0027]. This neutrosophic form has two parts of information: the first one is about the statistic of classical statistics, and the second one is about the indeterminate part of the proposed test. For example, when tL= 0, the value 26.29 presents the value of test statistic using classical statistics. According to the proposed test, the value of tNϵ[tL, tU] will in the interval from 26.29 to 26.22 rather than the exact value. The proposed test also indicates the measure of indeterminacy associated with the interval that is 0.0027. From this comparison, it is clear that the t-test using neutrosophic statistics has an edge over the existing t-test for correlation. The t-test using interval statistics and fuzzy-based logic gives the values of the test statistic in intervals without giving any information about the measure of indeterminacy. For example, for testing the hypothesis H0N: no correlation between G1 and G2, the probability of committing a type-1 error is 0.05 (false), the probability of accepting H0N: no correlation between G1 and G2 is 0.95 (true), and the measure of indeterminacy is 0.0027. The t-test using fuzzy logic will give information only about the measures of falseness and truth. Based on the analysis, it is concluded that the proposed t-test for correlation is better than the existing tests.



DISCUSSIONS

As the data is collected from a group having 20 people at the fasting time and then after two hours of drinking glucose solution about 237 milliliters contained 75-gram. The neutrosophic form of the correlation between G1 and G2 is rN = 0.99−0.9899IrN; IrNϵ[0, 0.0001]. It is interesting to note that the correlation between the two groups, G1 and G2, varies from 0.99 to 0.9899, with the measure of indeterminacy IrN= 0.001. From this correlation analysis, it can be seen that there is a strong positive correlation between fasting of 8 h and after 2 h of drinking the glucose solution. It means that if an 8-h fasting blood sugar level is high, then the blood sugar level after 2 h of drinking the glucose solution is also high and vice versa. It is important to note that after the 8-h fasting, the minimum blood sugar level of those aged 45 is 159. The value 159 indicates that these patients should take some energy drink before 2 h before sleeping, so that blood sugar can be utilized properly by the body. In addition, with an increase in 8-h fasting sugar, patients aged 45 to 60 should avoid taking carbohydrate or glucose items.



CONCLUDING REMARKS

The t-test of a correlation coefficient under neutrosophic statistics was presented in the article. The proposed t-test of a correlation coefficient was a generalization of the existing t-test of a correlation coefficient under classical statistics. From the real example, the proposed t-test of a correlation coefficient was found to be effective for investigating the significance of correlation in an indeterminate environment. The simulation study showed that measures of indeterminacy affect the decision on the significance of correlation. The proposed test can be applied to investigate correlations in the fields of economics, business, medicine, and industry. The proposed t-test of a correlation coefficient using a double sampling scheme can be considered as future research. Further statistical properties can be studied in future research. The proposed study can be extended for blood sugar measurement under different conditions and validation methods as future research. In addition, some disturbances can also be considered for blood glucose measurement in future studies.
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