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Introduction

In this coursework we are going to observe data given about very hot topic for the last two years. COVID- 19 has become a global health crisis. Causing a lot of economic, mental and health issues, and even deaths. Being able to analyse the cases and numbers, could give us an important information what we are fighting against. Scientist were able to identify a different ratio of infection rate. There are some significant differences which could give us the answer to the biggest question in 2021: “How to manage with Covid situation?”
Statistics, Data analysation and visualisation are aiming to provide as much information as possible, by observing different data on groups of people dividing them by age, sex, location, or origin of country. We can get clear pictures of varieties, correlations, dependence, and outliners. Using t-Testing statistic we can see, if we can make a decision of significant difference between the means of two different groups. This report is about how to perform t-Tasting in the hypotheses, to check and compare results at different level of significance. 



T-test

So, what do we really mean by t-Testing? As already mentioned, it is a hypothesis test that is used to compare the means of not more than two different groups only. We can check how similar two groups are or how different they are from each other. It can give us more information about data before and after a treatment. There are known three main types of t-Testing: [1]
· Independent t-test is used for two different groups of settlement, that are not related in any way. In other words, when the groups are two different populations (e.g., two different sex, age, or people from two different ethnics groups etc.)
· Dependent t-test is used for data, which is observing the same group at different times. Also called correlated, matched, or paired t-test. We are choosing it whenever data is essentially connected, it is the same individual but tested before and after a medical treatment, or any other before and after experiment. In those type of testing, we need to calculate the differences between the values given, and then we can use it as the data for the t-Test. 
· One sample t-test takes the mean of a single group and measures it against a standard value that we already have or has been given. 

Next important point about t-Testing is hypothesis. Process where involves observing the data and evaluating it about a statement by considering two hypotheses. [3]The Null Hypothesis and the Alternative Hypothesis, where they represent opposing claims. 
A Null Hypothesis is used to express a statement that is believed to be true and there is no difference between the data of both groups. We marked it with H0 and it must always contain form of equality (=, ≤ or ≥)
Ha: The alternative hypothesis: It is a statement about the data that is contradictory to H0. We can assume alternative hypothesis when we have rejected the Ho. The symbol is Ha or H1, and can be expressed with (≠, >, or <). The Alternative Hypothesis means that the difference between the groups is different from zero. In other words, the data can be smaller or greater, than the value in the null hypothesis
We must always consider the claims as probability because it is never proven as true or false and it is only in terms of non-absolute statement.
There are two options of decisions when we perform a t-test. First one is to “reject H 0” and second one to “do not reject H 0” 
· T-tests have also: t score (t value, t obtent or a ratio) and it could be a negative or positive number, where we take only the absolute value (the value itself, without the negative sign, or the distance of the value from 0. We would not care about the direction plus or minus). T score has the function to indicate the size of differences between the groups. The larger the t score, the less similarity there is. And the opposite smaller t score, the less difference there is. 
· p-value, is our level of significance, presented as: α It is the percent that the result from the data is possibly occurred. They start from 0% to 100% and are written as a decimal. It is strongly indicating against the Ho when is low, so we would reject it. And when is too large value, we should not reject it.
· One-tailed or two-tailed. To decide how to perform the t test we need to know what we are asked to observe- two data different from one another, we perform a two-tailed t-test. Or data that we know is greater than or less than the other, we perform a one-tailed t test. 
· T-test function in statistical tool that calculate data and provides for us the t-value. Then we must compare it to the t critical value and make our decision whether the groups are statistically different or not. For our purposes we are using Excel to do that.[4]



Description of the dataset


In the dataset given for this assignment we have 3 columns: patient No, we have the group of White and group of BAME people. The sample size is 50 patients of each group. The age has been considered as following: between 20 and 100 years old. However, some outliers can be spotted as 13,14 and 19 years for 3 of the patients. We are going to compare two means of those two different not depending on each other groups, to check the ratio of infection rate and to see the truthful of the variation between those two groups. 





Visualisation of the dataset



The following infographic is taking data given and represent it in visual way. We have 2 coloured lines. Blue one for White people group and orange line for BAME people. We can clearly see the group of White people are quite younger comparing to the group of BAME. We have some similarities as well, there are a lot of ups and downs with the age. Which means data is observing a big range of the age. Third statement is: we can see some outliers under our minimum border of 20 years old people.
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Analyse

	Using Microsoft Excel data analysis, we are going to run a t-Test to check our hypotheses. We are asked to use 3 values for p= 0.01/ 0.02 and 0.10. First step we are going to make- is to decide what type of sample we have. We have a group of White and BAME people. As the rule says if there are two different groups by ethnic background, this is an independent sample. 
Our second step is to develop our hypotheses (null and alternative) for the data above. According to the dataset given, we can develop two different Hypotheses. First one would be our Null Hypotheses Ho, where White people and BAME people are having same ratio of Covid infection rate; and the second one is our Alternative Hypotheses Ha, where White people and BAME people are not having same ratio of Covid infection rate.
To finalize our test, we need the values of degree of freedom, t-obtent, t-critical, and we are going to compare them [2]
We have mean for White people and for BAME, which is our average value of the data
SD1 White, and SD2 BAME, which is estimates of the variances 
n-Observation is the size of the sample in our case 50 patients for each group.
Degree of freedom, is related to the size for equal sample and is calculated by: (number of data -2)


tobt. For equal independent sample = 
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Let’s now see how the data is changing with different p value, where left side is the data given as it is, and right side is data after removing the outliers



Comparing the results at different p value 


t-Test at p=0.01

Including outliers                                                         After removing outliers[image: Table  Description automatically generated]
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Summary: First table including outliers tobt is higher than tcrit, so we can reject the Ho and accept the Ha that the two groups behave differently.
	     Second table is without outliers and tobt is higher than tcrit, so we can reject Ho and accept the Ha that the two groups behave differently.
     As tobt is higher than both left and right tcrit there would not be a statistically significant difference if we had chosen the one-tail test, but not the two-tail test.

 




t-Test at p=0.02


Including outliers                                                           After removing outliers[image: Table  Description automatically generated]
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Summary: First table including outliers tobt is higher than tcrit, so we can reject the Ho and accept the Ha that the two groups behave differently.
	     Second table is without outliers and tobt is higher than tcrit, so we can reject Ho and accept the Ha that the two groups behave differently.
     As tobt is higher than both left and right tcrit there would not be a statistically significant difference if we had chosen the one-tail test, but not the two-tail test.















t-Test at p=0.10


Including outliers                                                              After removing the outliers
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Summary: First table including outliers tobt is higher than tcrit, so we can reject the Ho and accept the Ha that the two groups behave differently.
	     Second table is without outliers and tobt is higher than tcrit, so we can reject Ho and accept the Ha that the two groups behave differently.
     As tobt is higher than both left and right tcrit there would not be a statistically significant difference if we had chosen the one-tail test, but not the two-tail test.


Note: When p-values are low, they indicate that the data is strongly against to Null hypothesis, and we can reject it. In our case p value is very low in all 3 examples, so we have similar results.
We can see the changes of mean, variance, observation, degree of freedom and whole data is changing, when we removed the outliers. [5]




Outliers in the data and the effect that they have on the results.


Discussing the outliners, where the boundary is not lower age than 20 years, we have some: 13,14- and 19-years old people. After removing of the outliers, we have some significant differences in the results by their mean, variance, degree of freedom, t-obt., tcrit. Even that it changes the results, tobt is still much way bigger than tcrit, so it does not impact the results to reject the Null Hypothesis. White and BAME people has different ratio of infection rate, and the reason is the variance of the different range of age that they performed.


Other features of the data that should appear during the investigation of the dataset but were not considered.


There are other factors that might affect the results but have not been considered in the stated experimental set-up.
If the dataset has been given with higher number, for example 500 patients, the accuracy of the result will change. The bigger sample size of the data, the better results we can occur. The size of the sample is an important factor that might affect the outcome. If we change the p-value, we can see how the result is getting change, which means the level of significant also has an impact on the result. In our case the range of the age is too big, and we can consider the social life as age, sex, lifestyle of the patients also can be impactful. [6]






Results

Dataset was given with same size sample, but there are some outliers that shouldn’t, be included. The variance of BAME includes more old people and that’s why is way much bigger than White people ones [7]. P value used for our test is very low and makes it likely to reject the Null Hypothesis. Also, the size of the sample is not big enough to confirm it as an absolute truth and there are some more factors that haven’t been included as sex, lifestyle, health conditions, etc. Our final results, after analysing the data given, we can say that the ratio of infection rate of White and BAME is different, and we can confirm the Alternative hypothesis White and BAME people has different ratio of infection rate, and the reason is the variance of the different range of age that they performed, it is not based on the different ethnic factors.


Conclusion

In a well-rounded conclusion the positive of using t-testing is to present data in a more understandable way, but we must use it with big awareness and to observe the data very carefully, trying to avoid many mistakes. T-testing is helpful in confirming potential hypothesis, but never to accept it as an absolute truth valid for every case.
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