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This paper describes the student’s t-test in detail and uses it as a tool to compare data from 2 samples. The t-test is a statistical process that is used to analyze the outcomes of a research process. This test is used to determine whether a significant difference exists between the means of two groups of sample numerical data [1]. It is a test of a hypothesis regarding a population that is represented by a sample. It is used to essentially determine whether the difference between the two data sets is significant or not. If it is proven that the difference in the means is significant, it would imply that the difference between the means of the sample is not caused by mere sampling or randomness and the population is also likely to portray such a difference. 
The analyst examines the validity of his suppositions about the population's means. The first supposition, known as the null hypothesis, asserts that there is no significant difference between the means of the population data. The second supposition is that there is a significant difference between the population data means, named the alternative hypothesis [2]. These concepts will be discussed in greater depth in the following sections.
The statistical process of the t-test involves taking into consideration the following components: the t-statistic; the t-critical, the degrees of freedom and the distribution to obtain the statistical significance. Before performing the test, the researcher sets the confidence level, or alpha required based on the general objectives of the research [3]. It is against this benchmark that the researcher will conclude whether or not there is a significant difference between the means of the population data [4]. The t-test generates a p-value which the analyst compares with the confidence level decided before the commencement of the test. The confidence level usually assumes values such as 0.1, 0.05, 0.02 or 0.01. Where the p-value is lower than the confidence level, it can be inferred that there is a close relationship between the data sets implying that the similarity between the data sets is not because of sampling and randomness entirely but could be based on the association of the data [5]. In this case, we reject the null hypothesis. On the other hand, if the p-value is larger than the confidence level, it could imply that there is a significant difference between the means of the population and in this case, we fail to reject the null hypothesis since there isn’t enough evidence to show close association based on the confidence level [6]. 
The BBC (UK) news reported that there is a difference between the two groups of people, but it is unclear whether this assertion is based on statistical analysis or mere speculation. A t-test will be used to determine whether there is a statistical difference between the two groups of patients or whether the news item is merely speculative.
Several assertions must be made to perform a successful t-test. The first assertion is that an ordinal continuous measurement scale was used [8]. Second, the data samples used for the test must be chosen at random and thus be representative of the population from which they are drawn. Third, when plotted, the population is expected to have a normal distribution. The final assertion is that the variances of the two populations are homogeneous. When the variances and standard deviations of two groups of data are the same, it indicates that the data is uniformly dispersed from the mean. 
The analyst must first develop a hypothesis and then use statistical analysis to prove or disprove it. A hypothesis is thus a proportion determined by the analyst and based on limited evidence. As a result, hypothesis testing refers to a statistical operation aimed at gathering sufficient evidence to either prove or disprove the hypothesis. There are various types of statistical operations, and the best one is determined by two factors. These are the characteristics of the data and the goal of the analysis. The operation chosen usually evaluates the hypothesis's plausibility by gathering sufficient evidence to either reject or accept it.
The null hypothesis is formed in a t-test after sufficiently random samples from the populations under study have been generated. As the name implies, this is the claim that there is no statistical difference between the means of the two sets of data and, as a result, there is a close relationship between the two populations being studied. According to the alternative hypothesis, there is a significant difference between the two data sets and thus no association between them. The two hypotheses are mutually exclusive, which means you can't reject both and fail to reject both. When the null hypothesis is not rejected, the alternative hypotheses are automatically rejected [7].
Following the formulation of the hypothesis, the analyst should develop an analysis strategy for how the evaluation will be carried out. Finally, after the strategy has been carried out and the results obtained, the analyst should analyze the results to determine whether or not to reject the null hypothesis.
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	According to a BBC (UK) report, the infection rate of Covid - 19 varies between white and BAME people in the UK. The dataset provided was chosen with 50 different white and BAME patients, ranging in age from 20 to 100 years. If we order the dataset, we can clearly notice that there are three patients under the age of 20 years, two in the white category aged 13 and 14 years and one patient in the BAME category aged 19 years. In the report, I will analyze whether the aberrant values affect the statistical outcome.
In this analysis, the white patient’s data and the BAME patient’s data will be compared to see if there are any significant differences. The T-test will be used to determine whether there is a significant difference in the mean infection rate of white versus BAME people, and to confirm or deny the BBC news statement. 
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Fig.1 Scatter plot representing the infection rate of Covid-19 of the BAME vs White patients in the UK.
We can infer a positive correlation from the diagram above because the points are close to a straight line with a positive gradient. This demonstrates that as one variable increases, so does the other. When a normal probability plot of all the points lies on the normal line; then we conclude that the data fits well with the normal probability distribution, and these plots can be used for testing the normality of the sample [2]. The normal probability plot for the BAME shows that the data is perfect and normally distributed.
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Description automatically generated]                           Fig 2. Box plot diagram representing the infection rate of Covid-19 of the BAME vs White patients in the UK.
According to the diagram above, it seems to be little significant relation in-between the rate of infection Covid-19 of the White and BAME patients. A box plot shows that the data is summarized into five figures: the minimum, first quartile, median, mean, third quartile and maximum. There are a few outliers, like the dot which represents an infection rate in the White that is above the average range. Whites have a very close mean to that of the median.  Because these outliers are few and spread out, they are unlikely to influence the result of the t-test [3].
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1. Identify the T-test.
Analyzing the dataset I identified the t-test for 2 independent samples because are meet
all three essential conditions: the two samples are comparing; the two samples are independent (there is no connection between the order of data entry for subjects in one group and the order of data entry in the other group); the variable (dependency) is subject to comparison is expressed numerically (measured by the interval scale or the scale of proportions) [6].
2. State the Null and Alternative hypotheses.
Null hypothesis: Is no significant difference in infection rates of Covid-19 between white and BAME people in the United Kingdom. 
Alternative hypothesis: Infection rates of Covid-19 do significantly differ between white and BAME people in the United Kingdom.
3. Calculate the degree of freedom (df) after the formula df=N-2=n1+n2-2=50+50-2=98.
4. Calculate t-obt value and find t-crit value for significance level of p=0.10, p=0.01, and p=0.02. The images below illustrate the t-Test computation in Excel at these levels of significance.
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Fig3. The T-test in Excel for a significance level of p=0.10.
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Fig 4. The T-test in Excel for a significance level of p=0.01.
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Fig 5. The T-test in Excel for a significance level of p=0.02.

	5. Decide whether or not to reject the null hypothesis. 
	It compared the t value obtained (absolute value, regardless of the value sign) with the tabulated values ​​for either the one-tailed or two-tailed test.
 In the dataset given, the value of t is -6.31, at 98 degrees of freedom (df = 50+50 - 2 = 98). The question is: 'What is the probability of committing a type I error with a value of t of -6.31, at 98 degrees of given freedom?' To answer this question, we need to consult the probability table of t values (Table 4). If the calculated t value is higher than the critical value (corresponding to 98 degrees of freedom), the significance level p will be less than 0.05 for an undirected hypothesis and then 0.025 for a directed hypothesis, so the null hypothesis will be rejected.

In our dataset, the t value is statistically significant, both for a test with a two-tailed hypothesis and for a one-tailed test, because t obt = 6.31 is greater than t crit = 1.66/2.62/2.36. In conclusion, we can reject the null hypothesis because t obt > t crit and we can admit that there is a significant difference in infection rates of Covid-19 between white and BAME people in the United Kingdom.
The results are statistically significant at the .01, .02 and .10 level respective at 99%, 98%, 90% level. Not only is t obt significant, but the values of the means are significantly different. We conclude based on our study that the difference between the infection rate of Covid-19 of BAME is significantly larger than that of white people in the UK. It is a large effect of the difference between the mean infection rate of the BAME and white patients, concluding that effect size is large in magnitude.
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The lower and upper limits in our data set are 20 and 100, respectively. White and BAME patients under the age of 20 and over the age of 100 are considered abnormal. Next, I'll look at whether we're given a dataset and, if we include these outliers, what type of t obt and t crit we get, and what happens when we remove the outliers. The first table shows the t-Test calculation in Excel with outliers included, and the second table shows the t-Test without outliers.
Table 1
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Table 2
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When we compare Tables 1 and 2, we can see that removing the outliers influences the sample size and the descriptive statistics generated from white and BAME people. The mean and variance are significantly different for each p value. In the meantime, the t obt values are very close, and the t crit one-tail or two-tail is the same. 
Finally, we must always keep an eye out for outlier values. They are sometimes the result of an error. Anomalies in values can occasionally indicate the presence of a previously unknown phenomenon [8]. Many descriptive statistics are sensitive to outliers, which is another reason we must be diligent in verifying outliers. For the associated data, these statistics include the mean, standard deviation, and correlation coefficient.

[bookmark: _Toc81413117]Factors affecting Hypotheses testing
Three factors can influence the outcome of a hypothesis test. (1) The extent of the difference between the sample mean and the original population mean. The greater the difference between the sample mean and the population mean, the larger the z-score, and the more likely a significant treatment effect will be found. (2) The degree to which scores differ. It influences the size of the standard error. The likelihood of discovering a significant treatment effect is reduced when there is more variability. (3) The number of scores in the sample. It influences the size of the standard error. By increasing the sample size, the standard error is reduced and the likelihood of obtaining a significant result increase [1].	
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This population-based White and BAME analysis, which was conducted after controlling for significant clinical variables associated with COVID-19, provides the most conclusive evidence to date of the race-specific inadequacies of the infection rate of Covid-19 in the UK.
Furthermore, the BBC news report that ‘the infection rate of Covid-19 in the UK varies between white people and BAME people' is correct. Based on our findings, we conclude that the infection rate of Covid-19 among BAME people in the UK is significantly higher than that of white people.
 








[bookmark: _Toc81413119]References

[1]    	R. Lowry, Concepts and applications of inferential statistics, NY: Oxford, 2014.
[2]     	Aldridge, R. W., Lewer, D., Katikireddi, S. V., Mathur, R., Pathak, N., Burns, R., ... & Hayward, A., " Black, Asian, and Minority Ethnic groups in England are at increased risk of death from COVID-19: indirect standardisation of NHS mortality data", Wellcome open research, 5, 2020.
[bookmark: _Hlk81576016][3]     	C. Thompson, "Inferential statistics," Air Medical Journal, vol. 7, no. 15, p. 55, 2009. 
[4]	Breakwell, G. M., Fino, E., & Jaspal, R., "COVID-19 preventive behaviours in White British and Black, Asian and Minority Ethnic (BAME) people in the UK", Journal of Health Psychology, 2021.
[5]	Bhatia, M., "COVID-19 and BAME Group in the United Kingdom", The International Journal of Community and Social Development, 2(2), 269-272, 2020.
[6]	M. Asadoorian, Essentials of inferential statistics, London: Oxford, 2005.
[7]	J. Winter, "Using the Student's t-test with extremely small sample sizes," Practical Assessment, p. 1063, 2013.
[8]	J. Hodges, "The Efficiency of Some Nonparametric Competitors of the -Test," The Annals of Mathemaical Statistics, p. 55, 1956.



[bookmark: _Toc81413120]Appendix

Table 3. Table with the white and BAME patients with Covid-19 infection in the UK.
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Table 4. Probability table of t values.
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t-Test: Two-Sample Assuming Equal Variances

Variable 1 Variable 2
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Variance 143.514
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t Stat -6.31204
P(T<=t) one-tail 4E-09
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t-Test: Two-Sample Assuming Equal Variances
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t-Test: Two-Sample Assuming Equal Variances
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t-Test: Two-Sample Assuming Equal Variances
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