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The T-test is one type of inferential statistic used to determine whether the means of groups are significantly different, based on certain characteristics of the groups. Usually, when a given set of data follows a normal distribution and has unknown variances, like in the case of 100 flips of a coin, this method is used. To test an assumption that applies to a population, a t-test is used as a hypothesis testing tool. To determine the significance of a t-test, we take into account the t-statistic, the t-distribution values, and the degrees of freedom. An analysis of variance must be used when there are three or more means in a test.
An interpretation of observation is a hypothesis (plural hypothesis). Definitions vary according to the subject. Hypotheses are an important component of scientific research. Experimentally tested predictions or explanations are hypotheses or explanations supported by data. A scientific hypothesis may be rejected by observations and experiments, but it can never be proved. Logicians define a hypothesis as an if-then statement, typically written as "If X, then Y.". A hypothesis, by definition, is simply a proposed explanation or prediction.
[bookmark: _ayjs8ltcjrqd]A null and alternative hypothesis
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Statistics show that it is easier to establish the absence of a correlation between two variables than to establish the existence of a connection. In this context, scientists often formulate the null hypothesis (H0). According to the null hypothesis, changes in the independent variable do not affect the dependent variable. As opposed to this, changing the independent variable will affect the dependent variable. The design of an experiment to test this hypothesis can be more challenging given the opportunity for alternative hypotheses (H1) to be presented. Let's take the case of a possible relation between sleep and grades.



The null hypothesis could be stated as follows: "The number of hours of sleep students receives is not related to their grades" or "There is no correlation between sleep hours and grades." Data collection and analyzing the results could be performed to test this hypothesis.
The hypothesis could be invalidated if students who have eight hours of sleep perform better than students who have four hours of sleep or 10 hours of sleep. However, testing the alternative hypothesis can prove more difficult. According to this hypothesis, students who sleep for at least nine hours have better grades than those who sleep less or more. The hypothesis can also be described as "If you sleep more, your grades will improve" or "Students who sleep nine hours have higher grades." In an experiment, you can collect the same data, but the statistical analysis is less likely to give you a high confidence limit. The null hypothesis is usually the first step taken by a scientist. To further narrow the relationship between variables, an alternative hypothesis may be proposed and tested from there.
For the current objective of the analysis, the relevant hypothesis is:
H0 (null): There is no statistically significant difference between the mean of the ages of the white patients, compared to BAME patients.
H1 (alternative): There is a statistically significant difference between the mean age of the white patient group, compared to the BAME patient group.
[bookmark: _vu6tqmju6mye]Testing the hypotheses
	Statistical operations were done using R version 4.0.5 (platform Windows x86_64-w64-mingw32)* and RStudio* for Windows 10. We used the function t.test to compute the p-value for a two-sample, two-tailed, non-paired Welch Two Sample t-test. The mean age of the white patient's group was 36.58 and for the BAME group was 60.04. The computed difference was 23.46, the computed ratio was 0.61 (on average, people in the BAME group are 1.64 times older than white patients) and the p-value was equal to 1.96*10^-8. In Table 1, we show the confidence interval for each of the requested confidence levels and p-values. Given the fact that none of the confidence intervals contain 0, we established that the difference between the mean of the ages of the groups is statistically significant, and holds for the populations from which the groups were sampled.

	Significance level (alpha)
	Confidence level (1-p)
	Confidence interval (C.I.)
	
	Is 0 in the C.I.?

	
	
	Lower boundary
	Upper boundary
	

	0.01
	0.99
	-33.29
	-13.63
	No

	0.02
	0.98
	-33.3
	-14.61
	No

	0.1
	0.9
	-29.65
	-17.27
	No

	Table 1: computed C.I. for significance levels alpha 0.01...


	
	Another way to interpret the statistical significance of the observed difference would be by computing the t-statistic and comparing it to the t-distribution. For the original Student t-test (assuming the same variance in each group), degrees of freedom are equal to 2*50-2, df=98; the t-value is -6.31. Depending on the desired confidence level and degrees of freedom, the t-value obtained on our data has to be compared to a corresponding theoretical critical t-value: if the module of our t-value is higher than the critical t-value, then the observed difference is statistically significant; otherwise, it is not.

	Significance level
	Confidence level
	T-distribution critical value
	Is |t|=6,31 higher than the critical value?

	0.01
	0.99
	2.37
	Yes

	0.02
	0.98
	2.08
	Yes

	0.1
	0.9
	1.29
	Yes

	Table 2: computed t-statistic and t-distributions as an alternative top-value and CI interpretation.



Given the experimental data, we can say that, in our dataset, BAME COVID-19 patients tend to be older than white COVID-19 patients. The observation holds for the entire population of COVID-19 BAME and white patients respectively, and even for a high confidence level (1-alpha=0.99), the C.I. is (-33.29; -13.63).
	We were unable to compute the incidence in the two groups, an aspect which will be discussed further in the last section.
[bookmark: _q68eptqpnk2r]Outliers and normality
Further analysis of the dataset reveals interesting data (Figure 1). Especially for the white group, most patients tend to be under the age of 51, with only two outliers (55, respectively 77). Surprisingly, a Shapiro-Wilk normality test[footnoteRef:1] does not disprove the normality of the data in this group (p=0.10). The distribution of ages in the BAME group has a higher tail towards the right (older patients) and the Shapiro-Wilk normality test rejects the idea of a Gaussian distribution (p=0.008).[image: ] [1:  If p<0.05, the data is considered to be non-Gaussian (not following a normal distribution).] 

	The outliers we mentioned should not have a significant effect, as the non-paired Student t-test averages down such extreme values and takes into consideration multiple data points, rather than doing one-to-one comparisons (like a paired Student t-test would do).
[bookmark: _duip1eyp1t0h]Possible bias effects and other factors that can be further controlled
	The dataset consists of 100 independent observations of COVID-19 patients, 50 in the BAME group and 50 in the white group. The partakers were chosen on the basis that they were already patients, as such this resembles more a case-control study, rather than an exposure-dependent study or a cohort study.
	In a case-control study, the authors choose exactly who is partaking in the study and, as such, can (unconsciously) influence the results, bringing them towards the desired result. Thus, a case-control study doesn’t allow the author to get information about the incidence of disease or risky behavior. Moreover, most case-control studies are retrospective (i.e. the data is gathered after all the studied events have already taken place), and as such the data might be invalid, incomplete, unstructured, or not standardized.
	In our case, the first problem is related to the lack of data points for healthy individuals. Given the fact that we only have data from diseased patients, we are unable to estimate any prevalence.
	Possible solution: projects aiming to obtain data about incidence and prevalence ought to be of type cohort, and to study the evolution of such indicators.
	A second problem that does not appear to be controlled is related to the socio-economic context of the two groups. Financial and income inequality is known to affect people part of the BAME population more than the white ones, and this might prompt the members of the BAME group to save more, reducing their consumption of PPE[footnoteRef:2] or postponing their medication, thus using the public medical services more (and being discovered as carriers or sick patients more). Overwork and stress-related immunosuppression might also play a part in the difference between incidence and mean age differences between BAME and white populations. [2:  Personal protection equipment.] 

	Possible solution: preferably, patients should be matched regarding their basic information (sex, age), their work conditions, and their socio-economic status.
	A third problem is related to the standardization of the data that is collected. In this case, we don’t have any information regarding the institutions that collect, process, and provide the data, and whether those institutions use the same diagnostic methods for COVID-19 infections. For example, a hospital placed in a residential zone in which white people are the majority might happen to use a test with higher sensibility than a hospital in a residential zone in which BAME people are the majority. In such a case, we would face the overestimation of cases among white people, compared to BAME people.

	Possible solution: multicenter studies, although viewed in a better light than single-center ones, require extensive care in preparing and carrying through. All partaking healthcare institutions have to standardize their procedures regarding patient selection, interaction, and data gathering, to ensure compatibility between data points. Especially during the COVID-19 pandemic, when multiple diagnostic tests were available, and each one with a different profile of sensibility and specificity, it might be the case that some institutions might overestimate the incidence, while others would underestimate it. Either all the institutions have to use the same test to ensure compatibility or reproducibility, or a layered statistical analysis has to be done (all the data points from each type of diagnostic test are compared among themselves, and then a corresponding value is computed for comparison among different test types). Failing such a complex and considerate preparation, single-center studies might better provide the image we are in search of, regarding the incidence and prevalence of the disease. It is equally important to use COVID-19 prevention measures such as vaccination, hand hygiene practices, mask use, and social distancing.
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