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What is a t-Test?

The t-test is a common statistical test, part of inferential statistics. His role is to determine whether there is a significant difference between the means of two examined groups. These groups might or might not be related in certain features. That’s why we can distinguish two kinds of t-Tests. The first kind is for those groups, whose members are considered as independent and the second kind is for those groups, the members of whom consists of matched pairs.[1] 
In simple words the dependant test occurs when we have two samples that do affect one another. In the context of the collected data presented by BBC (UK) news, the two groups target of BBC (white patients and BAME) research about infection rate of Covid-19 could be considered as independent groups, because the first variable – the ethnic group is independent variable and only the second variable which is the age of the tested groups is a dependant variable. Similar to other statistical tests, the t-Test aggregates mathematical methods that returns at the end a numerical value.[1] This value is called “tobt”. A large absolute value means a higher possibility of statistically significant difference between the compared groups.
 When we speak about using a t-Test for independent samples a few assumptions should be considered. The first assumption is that the subjects for the first group have been selected independently from the subjects from the second group or in other words – there is no relation between the observation in each group. The second assumption is that both population from which the samples have been extracted were normally distributed. The third assumption is that the variances between the two samples are equal. Last but not lest is the assumption that there are no significant outliers in the two groups.[2] 
How to calculate a t-Test? It requires three key data values. They are the mean difference, the two groups standard deviations and the number of subjects in each group. The final result of calculating the t-Test is the t-value. The formula for computing the t-Test for independent values can be used for samples with equal as well as for samples with unequal sizes: 
	
[image: ]
[bookmark: _Toc79025394]Figure 1 - t-Test formula[1]
In this formula “tobt” is the value of t computed from our data samples,
n1 and n2 are the number of subjects, respectively in first and second group,
SD21  and SD22 are the values of the variances of the groups,
X̅1 and  X̅2 represent the means of the two groups.
This formula has a simplified variant if the sizes of the two groups are equal and we can calculate the t-Test in the following way:
[image: ]
[bookmark: _Toc79025395]Figure 2 equal sized groups t-Test formula[1]
When it isn’t important what would be the direction of the difference we are trying to calculate, the choice, which mean will be subtracted from the other is absolutely random and for the purpose of our examination we can use the absolute value of tobt. 
After tobt value is found, arise the problem with the meaning of that value. We need to find whether t value is statistically significant which means if it is big enough to represent a real population mean difference and not just random differences between the examined samples of our research. For that reason we have to compare the tobt with the critical value of t or tcrit. Fortunately for our facilitation, there is a precalculated table with the distribution of the critical t-values according to the degrees of freedom as well as comparison between different levels of significance. The degrees of freedom represents the pool number of the subjects in the two samples minus 2. In the case of the given scenario it would be 98 (100 - 2). When we find the critical value of t in the pre-calculated distribution table, it’s time to compare the two values – the tobt and tcrit. The results are statistically significant when the tobt is equal or greater than tcrit. 
The level of significance that we choose is called “α”. There are several different values of α that could be chosen, but usually it is .05, 0.1 or 0.01. This means that the probability of tobt occurs by chance is respectively 5, 10 or 1 out of 100.[1] 
Finally, if we find that our searched t value is bigger than the critical one we can  accept or reject the null hypothesis accordingly to what we have decided in the beginning of our research or in other words which level of significance will validate the rejection of our null hypothesis. But what is a hypothesis and how we should determine one?

How to determine null and alternative hypothesis?

Scientists and researchers, conducting specific investigation  always try to prove something, a conclusion – our hypothesis, to show that particular data sets differ in a significant way based on some criteria. Unfortunately, using the methods of statistics it is usually very difficult to validate that something is true. Opposite of all expectations, it is much easier to prove that something is false.  So, they invented quite innovative and simple execution solutions to this problem. A hypothesis is a state that something is valid but to be proved, researchers use a reversed approached. They decided, that if we accept at the very beginning of our examination of the collected data, that what we are considering false is actually true – our null hypothesis, with the known statistical techniques we can disprove this and its rejection would lead us to the conclusion we were looking for from the start, scilicet the alternative hypothesis, the difference between the means in the examined data sets. 
When we decide whether to reject or not our null hypothesis we can make two different types of error. This is due to the fact that it is impossible to be sure if the null hypothesis is true or false. Because we can’t include all members of the entire population in our examination the risk of a sampling error occurs inevitably. The errors we can make are error type 1 and error type 2. The first one occurs when a null hypothesis has been rejected but in fact, it’s a true assumption. The other one is the opposite of what is known to be a false positive conclusion or when the null hypothesis is false but we don’t reject it as a conclusion based on our analysis. This is called a false negative error (type 2).[3] Interestingly, we don’t have the option to accept the null hypothesis as the seeking truth because as we mentioned earlier the statistic techniques allow us only to disprove if something might be true. We just make a decision to reject or not our null hypothesis and then calculate the probability of each type of error that we might have made by doing this. 

Developing appropriate set of testable hypotheses for the experiment in the given scenario.

Based on the scenario samples and the identified Covid-19 infection rate according to the BBC news, our null hypothesis will be the assumption that there isn’t any difference between the aforementioned rate amongst white patients and BAME. This means that we will accept that the means between those samples are not statistically significantly different or H0: µ1 = µ2 where:
H0 is our null hypothesis
µ1 is the mean taken from the sample with subjects representing the white people
µ2 is the mean taken from the sample with subjects representing BAME
On the other hand, our alternative hypothesis (H1) or what we will try to prove by eventually rejecting the null hypothesis, will be that there is a difference between the means of the given samples – H1: µ1≠  µ2. In other words, we will try to prove that Covid-19 affected different group ages between those people.
Another important clarification to be made before conducting the t-Test is that according to the given data and scenario BBC pointed out in the news that infection rate varied between those two groups of people but it wasn’t mentioned in what aspect these differences occurred. When we look with a bare eye at the given samples it is obvious that infection of the Covid-19 disease has affected a much younger population of white patients  compared to the BAME in the UK. Although it might look more appropriate to assume that the mean of white patients  ages would be lower than BAME, because I haven’t made any predictions before collecting the data, I think that conducting a nondirectional test would be more relevant in this case.[4] This decision was made also based on the fact that yet, we are trying to prove that there is some difference at all without specifying in which direction of standard deviation distribution we are expecting the results to go.

Testing of the hypotheses

For the purpose of our examination I will use the built-in functionality of Microsoft Excel application.
1. First step is calculating a descriptive statistics analysis using the Data Analysis tools in Microsoft Excel Desktop Application:

	White Patient
	 
	 
	BAME
	 

	 
	 
	 
	 
	 

	Mean
	36.58
	 
	Mean
	60.04

	Standard Error
	1.69
	 
	Standard Error
	3.31

	Median
	37.00
	 
	Median
	50.00

	Mode
	50.00
	 
	Mode
	50.00

	Standard Deviation
	11.98
	 
	Standard Deviation
	23.39

	Sample Variance
	143.51
	 
	Sample Variance
	547.18

	Kurtosis
	1.35
	 
	Kurtosis
	-1.17

	Skewness
	0.45
	 
	Skewness
	0.27

	Range
	64.00
	 
	Range
	81.00

	Minimum
	13.00
	 
	Minimum
	19.00

	Maximum
	77.00
	 
	Maximum
	100.00

	Sum
	1829.00
	 
	Sum
	3002.00

	Count
	50.00
	 
	Count
	50.00


[bookmark: _Toc79025396]Figure 3 - Descriptive statistics analysis




From the above table, we can see that we have all the data results that are necessary for conducting the t-Test. As I mentioned previously, it was obvious that the mean of the BAME sample will be much bigger than the mean of the sample of the white patients.


[bookmark: _Toc79025397]Figure 4 - Mean difference between White People Sample and BAME Sample

2. Testing the hypotheses to significance level of p=0.10 using t-Test: Two-Sample Assuming Equal Variances Data Analysis tool in Excel.


	t-Test: Two-Sample Assuming Equal Variances
	

	
	
	

	 
	White Patient
	BAME

	Mean
	36.58
	60.04

	Variance
	143.51
	547.18

	Observations
	50.00
	50.00

	Pooled Variance
	345.35
	

	Hypothesized Mean Difference
	0.00
	

	df
	98.00
	

	t Stat
	-6.31
	

	P(T<=t) one-tail
	0.00
	

	t Critical one-tail
	1.29
	

	P(T<=t) two-tail
	0.0000000080
	

	t Critical two-tail
	1.66
	 


[bookmark: _Toc79025398]Figure 5 - t-Test: Two-Sample Assuming Equal Variances with significance level of p=0.10


As a result of the above test we might conclude that infection rate of Covid-19 for White Patients (M = 36.58, SD = 11.98, n = 50) was hypothesized (our alternative hypothesis – H0) to be equal to the infection rate for  BAME people (M = 60.04, SD = 23.39, n = 50). This difference was significant, t (98) = [6.31] (we take the absolute value as the sign has no impact on the significance of the difference between groups of data), p = 0.0000000080 (two-tale).[5] 

3. Testing the hypotheses to significance level of p=0.01:
	t-Test: Two-Sample Assuming Equal Variances
	

	
	
	

	 
	White Patient
	BAME

	Mean
	36.58
	60.04

	Variance
	143.51
	547.18

	Observations
	50.00
	50.00

	Pooled Variance
	345.35
	

	Hypothesized Mean Difference
	0.00
	

	df
	98.00
	

	t Stat
	-6.31
	

	P(T<=t) one-tail
	0.00
	

	t Critical one-tail
	2.37
	

	P(T<=t) two-tail
	0.00000001
	

	t Critical two-tail
	2.63
	 


[bookmark: _Toc79025399]Figure 6 - t-Test: Two-Sample Assuming Equal Variances with significance level of p=0.01

4. Testing the hypotheses to significance level of p=0.02:

	t-Test: Two-Sample Assuming Equal Variances
	

	
	
	

	 
	White Patient
	BAME

	Mean
	36.58
	60.04

	Variance
	143.51
	547.18

	Observations
	50.00
	50.00

	Pooled Variance
	345.35
	

	Hypothesized Mean Difference
	0.00
	

	df
	98.00
	

	t Stat
	-6.31
	

	P(T<=t) one-tail
	0.00
	

	t Critical one-tail
	2.08
	

	P(T<=t) two-tail
	0.00000000804
	

	t Critical two-tail
	2.37
	 


[bookmark: _Toc79025400]Figure 7 - t-Test: Two-Sample Assuming Equal Variances with significance level of p=0.02

As we can see from the above results, regardless of the significance level we conducted the t-Tests with, the tobt represented as “t Stat” in the Excel table was greater in value than t Critical. Moreover, the p-Value or the probability that the observed difference has occurred randomly was negligibly small. As a result, we could conclude that the possibility of finding our data by chance was so small that we should reject easily the null hypothesis. Thus, the BBC identification of the presence of variance between white people and BAME in their rate of Covid-19 infection was statistically significant.



Possible outliers and their effect on the outcome

What is an outlier? “An outlier is an observation that lies an abnormal distance from other values in a random sample from a population.”[6] Of course, it is not easy to identify what exactly abnormal value means and this often is up to the analyser himself.
One of the way to detect outlier is through graphical means of the data analysis and visualisation. Using a quartiles calculations in Excel help us identify that there is possibly only one outlier in the collected data and it is a subject in the White People Sample.[7]:


[bookmark: _Toc79025401]Figure 8 - White Patient Scatter Plot


[bookmark: _Toc79025402]Figure 9 - BAME scatter Plot
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[bookmark: _Toc79025403]Figure 10 - Finding outliers based on upper and lower bounds

However, using this method doesn't give us the result, we've been looking for.  Nevertheless, there are other features of the observed data that could be mentioned. For example, in the given scenario the samples should include the patients' ages between 20 and 100 years. Both samples represent data that goes out of this range which could affect the outcome of our research. Instead of cutting them off, it is admissible to change their values to ones that fulfil the range requirements of the conducted examination.
Last but not least, the given samples are not big enough to show us a clearer picture of the distribution of the people of different ages who have been infected with Covid-19. The possible error while taking the samples still undermines the truthfulness of the calculated results. That’s why increasing samples’ sizes will give researchers a more trustful base to rely upo
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