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INTRODUCTION
The descriptive statistic describes and summarises the data set in tabular, graphical, or analytical form. The inferential statistics analysis further and help to conclusions and make predictions based on the data. It helps to understand the changes and relationship between the variables. The inferential statistic includes take data from a sample and makes inferences about the larger population from which the sample was taken. It is very important that the sample accurately reflects the population. Inference methods helps to predict how close a sample statistic falls to the population parameter [1]. 

THE MEANING OF T-TEST
When using sample data – or subgroup of the population to make statements about the population, statistical conclusions are made. Hypothesis evaluation and testing are procedures used to make statistical inferences. Probability plays a key role in statistical inferences, used to measure the quality and accuracy of conclusions.
In practice, it is often necessary to compare averages and relative proportions calculated based on data from two representative samples. In that case, the sample distributions could be characterised by both single and different values of their mean values. Differences between averages or relative shares could be due both to the fact that the samples are broadcast from general populations that have different average levels or relative shares and to the action of random causes. The size and direction of these differences are used as a criterion to justify the relevant conclusions. However, due to the influence of various random factors the resulting difference does not always reflect the actual existing patterns. That requires the use of statistical methods to test hypotheses [1].
One of them is the t-test which tests hypotheses about the average value of a small taken from a normally distributed population when the standard deviation of the population is unknown. In t-test the comparison of the averages is possible for one-dimensional samples and with a maximum two groups of the sample. The result of t-test is t-distribution which is specific for all samples with a fixed volume “n” and is related to degree of freedom (df). DF determine the number of independent values that could be assigned to a statistical distribution. T-distribution table give critical values for the t-distribution at various significance levels and for different df [2].
There are three types of t-tests:
· t-test for one sample (One Sample t-test). It is used to compare the test variable’s mean against a “test value” which is a known or hypothesised value of the mean in the population and operates with:
· one variable.
· t-test for two independent samples (Independent Samples t-test). It is used to compare the means of two independents groups to determine whether there is statistical evidence that associated population means are significantly different and has two forms:
- two samples equal variances – there the distributions of two populations are normal and they have the same variances.
- two samples unequal variances – there the two populations’ variance is different.
It operates with:
· one independent, categorical variable that has two groups. 
· one continuous dependent variable.
· t-test for two dependent samples (Paired Samples t-test) or Dependent Sample t-test. It is used to compare two population means where two samples have in which observation in one sample could be paired with the observation in another sample [2]. 
The t-statistic assumes that the two samples are independent, two groups are essentially normal distributed, no significant outliers in the groups, and the sample size is big enough [2]. 
THE MEANING OF HYPOTHESIS
The hypothesis is an assumption about the essence of a fact, prediction, or explanation that is verified by an experiment. Observations and experiments could refute a hypothesis, but they could never fully prove it.  The hypothesis as an assumption is necessary to be proven.
Hypothesis testing includes assessing whether a predetermined value of the parameter is reasonable or concluding that the information obtained in the sample meets expectations. Thus, the decision to accept or reject the hypothesis could be made based on the observation [3]. 
The equality of a fixed value parameter (hypothesis) with one or more alternatives is most often checked. That calls a null hypothesis (H0) – argues that the difference between the indicators compared are insignificant, or there is no statistic significant difference. Although the samples could be observed some difference, it is accidental and could not be summarised for general populations. The null hypothesis is tested against an alternative which is called alternative hypothesis (Ha or H1) – argues that the difference between the indicators being compared is significant, and it states that the difference is statistically reliable and could be summarised for general populations.  In practice, the alternative hypothesis usually contains the statement to which the researcher aspires and therefore it is the desires result [3].
The criterion for accepting or rejecting the null hypothesis is whether the probability associated with the relevant sampling statistics is greater or less than a predetermined threshold which is called the significant level – (α) and is selected by the researcher. The two most used levels are 0.05 and 0.01. If at the hypothesised value of the parameter the probability of occurrence of the statistics obtained from the sample is less than the accepted level of significance, then the null hypothesis is rejected. However, if that probability is greater than the threshold value, the null hypothesis is considered plausible [3].
In each hypothesis test there are two possibilities with respect to the null hypothesis – to be rejected or to be accepted. Rejecting the false hypothesis and accepting the right hypothesis are the right decisions. However, it is possible to reject the null hypothesis when it is in fact true or to accept the null hypothesis when it is false. These two solutions are related to two types of errors – rejecting a true hypothesis is first type error, and accepting a false hypothesis, second type error [4]. 
Testing H0 against H1 at confidence level α show etc. p-value which is used to determine the statistical significance of the results. The p-value is the probability of rejecting H0 provided that it is true. A common rule is that the p-value must be less than or equal to significance level.
TESTING OF HYPOTHESES AND EVALUATION OF THE RESULTS
Based on a scenario where BBC identified that the infection rate of Covid – 19 varied between white and BAME, 50 different people between 20 and 100 years old from both ethnicities were selected to identify the ratio and the truthfulness of the findings.
The Graph 1 below visualised the data and shows the relationship between them.
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Graph 1
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1. Determining the null and alternative hypothesis:
H0 – The ethnicity does not affect the infection rate or there is no statistically significant difference 		H0 : µ1 = µ2
H1 – The ethnicity affects the infection rate or there is a significant difference
H1 : µ1  µ2.
µ1 and µ2 are the population means for white and BAME people.
2. Selected the significant levels of α = 0.10, α = 0.01 and α = 0.02.
3. Determining the type of the test:
To determine the significant difference between the means in two unrelated groups and based on t-test requirements is necessary to use the independent t-test or the two-sample t-test. Following these requirements there is one independent, categorical variable (age) that has two groups (white and BAME people) and one continuous dependent variable (infection rate). Equal or unequal? That requires analyse the variance in the data according to the following formula: 

[image: ][image: ] = Σ (X – x̄)2 / n – 1
        is sample variance.
X sample values.
x̄ is the mean of the sample values.
n is the sample size.

To find the mean of the sample values following formula is used:

Mean = Sum of values / Amount of values

Excel is used to calculate the mean of each sample (Table 1) and the variances of the samples (Table 2).
[image: ]


Table 1
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Table 2
Table 2 shows that two samples have difference variances and that requires unequal independent t-test.
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4. Calculation of empirical value and comparing the obtained results. 


· At significance level α = 0.10 table 3 shows the results from the t-test.
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Table 3
This case study is focuses on whether there is a difference and therefor the negative sign of t stat is ignored and an absolute value is accepted.
t stat 6.312037424 > t crit 1.665996224 the H0 is rejected.
p 9.54795E-09 = 0.000000010 < α of 0.10 the H0 is rejected.

· At significance level α = 0.01 table 4 shows the results from the t-test.
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Table 4
t stat 6.312037424 > t crit 2.644868782 the H0 is rejected.
p 9.54795E-09 = 0.000000010 < α of 0.01 the H0 is rejected.

· At significance level α = 0.02 table 5 shows the results from the t-test.
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Table 5

t stat 6.312037424 > t crit 2.378521878 the H0 is rejected.
p 9.54795E-09 = 0.000000010 < α of 0.02 the H0 is rejected.

5. The conclusions that could be made after the application of the t-test:
There is statistically significant difference between these two means (Graph 3) – the infection rate between white and BAME people is not equal, and the alternative hypothesis is accepted.
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OTHER FEATURES OF THE DATA
THAT APPEAR DURING THE INVESTIGATION
In the presented data is a discrepancy in the variable “age” – the selected patients are not aged between 20 and 100. In sample white have one 13 and one 14 years old and in sample BAME have one 19 years old. That gives outliers in the data which might affect the outcome. To verify that let analyse the data with these outliers.
The formulas above are used to calculate the mean and variance of samples. Table 6 and Table 7 show the results.
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Table 6
Table 7
Therefore, two-sample t-test unequal variance is needed. 

Calculation of empirical value and comparing the obtained results:
· At significance level α = 0.10 table 8 shows the results from the t-test.
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Table 8
t stat 6.400274144 > t crit 1.666914479	 the H0 is rejected.
		p 1.51909E-08 = 0.00000002 < α 0.10 the H0 is rejected.



· At significance level α = 0.01	table 9 shows the results from the t-test
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Table 9
t stat 6.400274144 > t crit 2.647904624 the H0 is rejected.
		p 1.51909E-08 = 0.00000002 < α 0.01 the H0 is rejected.
· At significance level α = 0.02	table 10 shows the results from the t-test
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Table 10

		t stat 6.400274144 > t crit 2.380807482	the H0 is rejected.
		p 1.51909E-08 = 0.00000002 < α 0.02 the H0 is rejected.

There is statistically significant difference (Graph 4) or the infection rate between white and BAME people is not equal. The null hypothesis is rejected, and the alternative hypothesis is accepted.
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The general conclusion that could be drawn from the obtained results is that there are sufficient grounds for rejecting the null hypothesis and the hypothetical value should not be considered as a plausible value for the mean population. That conclusion is based on that the difference between the observed average of the sample and the hypothetical average of the general population is too large to be attributed only at the expense of random sampling errors.
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OTHER FACTORS THAT MIGHT AFFECT THE RESULTS
Since the calculated value of “p” is less than α levels in all tests the probability of type 1 error is small enough and the alternative hypothesis could be accepted.
A type 2 error could occur with a certain probability. If it is known that probability could be easy to calculate the probability of gaining “significance” when in the population have a difference. The probability of that success or the probability to reject the H0 provided that the Ha is true is a power of the test.
Factors affecting the power of the test:
1. The statement significant difference is when the value of the probability of type 1 error “p” is less than selected significance level α. P value does not depend on α but the opinion of significance yes or the power decreases with decreasing α.
2. The sample size “n” – the larger size leads to lower p values.
3. Effect size (ES) – allows to evaluate the magnitude and practical importance of an empirically determined difference [2].
These three values are mathematically related and if known could be calculated the power. 
Before the investigation should conduct a prospective power analysis. For example, a survey with a sample of “n” individuals, the question is “could that number be relied upon to reject the H0 at α=0.05 if Ha is true” or “what is the probability of obtaining p<0.05 with that n” or “what will be the power of that study”? If the calculation shows 0.9 power, it is almost certain the H0 will be rejected and if the power is 0.3 there is no point in research. The calculation needs determine minimum strength of the effect in the population (target effect). Cohen has proposed – small 0.2, medium 0.5 and large 0.8. Now the power could be calculated [3]. Calculating the sample size is very important and it needs the desired power. Cohen recommends 0.8.
The sample size is essential in planning future research.
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