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Introduction


  The well-known today statistics was recognised as a scientific discipline more than hundred and twenty years ago, but its existence probably started to form around 1800. Statistical methods used to be considered as combinations of observations [1]. Statistics is a science which main concern is to study and develop different methods for collection, analysis, interpretation and presentation of selected information and figures, which are called statististical samples or populations. From a statistical point of view the population has slightly different definition than the one in regular speech – it is not limited only to a population of a certain country, but it also represents a population of events, observations, objects, etc. Samples, on the other hand, are just fractions of a population, since populations usually contain many individuals. Therefore, one or more samples are extracted from it in order to investigate. It is believed that a selected sample has more than enough information about populations, which allows to make reliable statements based on the tested samples about a population [2]. Statistics has two basic ideas which are variation and uncertainty.
  
  Speaking from my personal experience, I found statistics quite challenging to learn, and it was harder than I anticipated for me to understand the material. Back in school I used to love maths, it was my favourite subject and that is why I was looking forward to start studying this module and work with numbers again, but I actually had trouble comprehending.

  Anyway, in this report I am going to present the solution of the task given and pay extra attention to one of the greatest and most useful discoveries in the world of statistics – the t-test.
  

What is t-test?


In statistics there is one very commonly used test which is utilized to compare the means of two groups, and this test is called t-test. Its purpose is to discover whether the average scores, or means, of two sampled groups have a significant difference. But let’s find out a little bit more of its history.

  The man standing behind this achievement is called William Sealy Gosset. He was born in England, the city of Canterbury to be exact. William was an excellent student and studied Mathematics and Chemistry. In his mid-twenties he moved to Dublin and started to work in Guiness brewery and was in charge of experimental brewery. As a scientist he was publishing his scientific papers while working for Guiness. All of his works, that included various methods and research, were directly connected with problems he met at his job experimenting with stout, barley, malt, etc. [3]. He was supposed to compare samples with variations of barley and stout in order to check their quality. Since Guiness brewery didn’t want its experimental secrets to be exposed to the public, Mr. Gosset wasn’t allowed to share his papers as a scientist so to hide his identity he came up with the idea of a pen name – Student. This is the reason why this statistical method is called Student’s t-test.

  Student’s test and the analysis of variance and covariance are closely connected statistical methods which aim to test the hypothesis for comparing the means of at least two groups of samples [4]. There are two main types of t-test – for independent and for paired samples. A one-sample t-test is also considered as a type of t-test, but it is very similar to z-test.

  The independent t-test, also known as two-sample test, tries to define an existence of a significant difference between the two groups which are not related in any way. Unrelated groups are also familiar with the term unpaired groups. It is considered that the number of participants differ for each group. Independent t-test is normally used to compare two samples which means that the participants from one group cannot be a part of the second group as well [5]. For example, I want to compare the intelligence quotient between ten women and ten men. It is not necessary for the samples to have the same number of participants, but in order to conduct the t-test there are a few requirements: the objects from both samples must be selected independently and their measurements should not be paired. It is also assumed that the population from the groups is ordinarily distributed, and that the samples are large in size [6].

 In the dependent or paired t-test, as we can assume from the name, the participating groups are paired or depend on each other. For example, I am conducting research where I have a group of people. I want to find out their level of confidence before and after undergoing a twenty-days confidence challenge and see if there is any significant difference in their results.



What is hypothesis?


  Hypothesis testing is an essential part when it comes to studying statistics. It is thought that it is a rather easy concept to learn, but many people, me included, struggle to understand it. There are many cases that need to be considered when testing a hypothesis and this is where all the confusion usually begins. For example – there will be a case of a small samples or a case of a large samples, and every different case different distribution and techniques should be used. In statistics hypothesis has a very specific meaning. A hypothesis is called the claim that one wants to investigate. And when we speak about investigating or testing, we don’t mean testing in a laboratory. Hypotheses can only be tested by conducting a survey for example and thus collecting information about a population that we can study. Usually, an idea is represented, and we want to test that idea and see if it is true.

  There are two types of hypotheses – null hypothesis and alternative hypothesis. Everyone knows that null means zero, and that it equals to nothing. Null hypothesis - also known as the default hypothesis, it represents something that has already been established, or the accepted value of the sample at the current moment, based on previous studies. And on the other side there is the alternative hypothesis -   . It is familiar with the name research hypothesis as well and it includes the claim that has to be investigated. As an example, I will suggest that it is believed that British people drink only English breakfast tea. This is a statement based on past surveys and will be identified as our null hypothesis. But let’s say that, actually, British population doesn’t prefer to drink breakfast tea. This will be our research hypothesis that we have to test and see if there is any actual difference.
It will look like this:
:= 
:≠ 

  Both null hypothesis and alternative hypothesis are thought to be mathematically opposite.  will always be what  is not and will always be true unless it is evidently proven otherwise. There are two outcomes that is possible to happen when we test a hypothesis, and they are to either reject the null hypothesis or fail to reject it. Basically, the null hypothesis is just an assumption that we are trying to reject or support. If we reject  then we believe that the alternative hypothesis represents the actual case [7].

Description of the dataset


According to BBC news, recently the infection rate of COVID-19 has been identified to vary between white patients and patients from black, Asian and minority ethnic groups, living in the United Kingdom. Two groups of fifty participants were selected, with their age starting from 20 to 100 years old. Based on the given data, I must make an analysis to determine the rate of infection, and whether there is a significant difference between the results of both groups.

Visualisation of the dataset


Five stages of analysis:

1. State of hypothesis


 Whether I will accept or reject the null hypothesis - , it depends on the result I will receive at the end of the task. The null hypothesis states that the ratio of COVID-19 infection rate of the group, consisting of white patients, and the BAME group, is equal - : =. This is the main hypothesis that should be considered.

  Therefore, the alternative hypothesis - , will represent a result where both groups have different ratio of infection - : .

2. Significance level

The levels of significance I am given for this data analysis are as follows:
α = 0.10
α = 0.01
α = 0.02
They are presented in Excel in the same order.
    
3. Calculation of 

In order to calculate the means and the standard deviations I used Excel, but I did calculate  manually as well, because I wanted to challenge myself and engage more with the calculation of the task. I have also found a T-distribution table where I can check the values of the  with the help of α values, also knowns as p values, and the degree of freedom. The result for df is 98. I have attached a photo from Excel. In green we can see the means of both samples and in yellow – the standard deviation.

======= -6,31

DF=+-2=50+50-2=100-2=98

I have also calculated on Excel the t-test of the samples without the outlier, because I wanted to see if there was going to be a significant difference. The first photo below is the original dataset including the outlier in red.

4. Find 

The results that I get from finding  are:

α = 0.10 > 1.6606
α = 0.01> 2.3650
α = 0.02> 2.6269

All of these values are lower than 6,31.




5. Decide whether or not to reject the hypothesis

I am rejecting the null hypothesis and I am accepting the alternative hypothesis, and admit that there is significant difference between the ratios.
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Outliers in the dataset

  Outliers in statistics are described as observations which lie in unusual distance from the rest of the values in a population’s selected sample. When identifying a sample of information two important steps should be considered – an overall examination of the shape of the data has to be discussed, as symmetry and departures from any assumed values; and examining the dataset for any uncommon observations that are positioned far from the main data, or the so-called outliers. In our dataset there are existing outliers as well.

  I have highlighted in red a few patients who don’t match the age criteria, which states that all patients included are aged between twenty and hundred years old. This is a great example of outliers in our data. Although, outliers are thought to be bad points of the selected data, they should be examined with caution, because sometimes they may contain important information about the gathered sample data and its investigation [8].

Results

  As a result of the calculations, I have decided to reject the null hypothesis and accept the alternative that there is a difference between both groups. The ratio of the white patients’ group is between 20 and 55 years old, and for the BAME – between 26 and 100 years old.

Conclusion


Upon completing this assessment I learned the meaning of the t-test and its use. It is used to compare the average values of two or more samples drawn from population. This type of test also helps us to decide whether we need to reject the established null hypothesis or fail to reject it.
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