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[bookmark: _Toc76933355]Introduction:
Statistical methods are important crucial for measuring and calculating data in real time. Statistical inference is the crucial part of statistical methods include hypothesis testing. T-test, Z test etc. Hypothesis testing often used in many real-life scenarios for analysing a dataset, visualisation of the outcomes and so on. It helps to draw scientific conclusion from a set of data hence helps to decide on steps that are to be taken. Nowadays, the statistical inference approach is being applied for analysing data using multiple tools like R, Excel, Python etc. Such tools with the help of inference analyses a data and helps an analyst to reach a scientific conclusion.
[bookmark: _Toc76933356]T-Test: Definition, explanation and mechanism
t-Test is a crucial tool of inferential statistics which helps to identify the significant difference between the means of two group if that exists and may be related to certain features. The t-test and its features are there in the statistics only to measure the differences the mean only. Cases, where differences are being measured more than two groups, the suitable tool for the same is ANNOVA (Casella & Berger, 2021). The best way to test this difference is to apply hypothesis testing with the help of t-test. Now it is important to develop the hypothesis before generating a t-test for understanding the differences of mean of two groups. In the standard statistical methods there are two types of hypothesis and it is always the null hypothesis who gets to develop first. So, t-tests have three options which are one sample t-test, independent two sample t-test and paired sample t-test. The t-test has some basic assumptions which says that a give data is independent, normally distributed, and contains the similar amount of variance within the groups. Paired t-test are used when two groups come from single population (Creswell, 2014). A two-sample t-test or independent t-test is required when two groups come from two different population. One sample t-test is applied when a group is being compared with a standard value. Also, there are other tools named one tailed t-test and two tailed t-test. One tailed test when to identify the difference between two population. Two tailed tests is applicable when to identify whether any of the population mean is lesser or greater than other (Hartshorn, 2017). Below is the formula for two sample t-test,

[image: T-test formula]

[bookmark: _Toc76933357]Hypothesis Testing: How It works
The hypothesis testing is an important tool or act in statistics which are being developed basis some assumption in a given scenario. Through the hypothesis testing tools an analyst develops her assumptions in the form of hypothesis. The hypothesis is of two types i.e. null hypothesis and alternate hypothesis. The testing of hypothesis is helpful to identify the plausibility of a particular hypothesis by using sample data (Gillespie, 2001). The null hypothesis is developed first for any study and the data may come from a large population. The hypothesis testing has four steps to follow the whole process. Firstly, an analyst states the two types of hypothesis i.e.the analysis develops both the null and alternate hypothesis based on the given scenario. Secondly, the plan of evaluating the data will be developed. In this stage the analysis identifies the tools and platforms through which the data will be analysed and the hypothesis will be tested. Thirdly, the plan will be carried out and the analyst will physically perform the tools to evaluate. In the final stage the based on the result, the null hypothesis will be rejected or the considered as plausible (Taff, 2019). 
So, the null hypothesis or H0 gives a statement where there will be no difference between sample mean or proportion or basically denotes the difference as 0. Similarly, alternate hypothesis or Ha depicts a statement which is against or contradicts with null hypothesis. Since both of the hypothesis states against each other so it is important to test and analyse all the facts and figures to test the hypothesis and reach to a decision. The evidence comes in the form of a sample data set (Kuada, 2012). A decision is made based on the analysis of the data. The option of making a decision are two i.e. either reject Ho and accept Ha or vice-verse based on which hypothesis are being supported by the results. Ho will always have a symbol of ‘=’ in it whereas Ha will never have ‘=’ sign to use.
[image: ]
[bookmark: _Toc76933358]Developing the hypothesis: Null & Alternative
Developing a hypothesis is an important and primary part of analysing a data. The data based on COVID infection in 2019 which includes the list of patients who have infected by COVID virus. The patients have been separated by their origin i.e. white patients and BAME (Black, Asian and Minority ethnic) patients. The age of each of 50 white patients and BAME patients infected by the same virus has been given in the data. Based on the data the hypotheses have been developed below. 
The null hypothesis states that,
Ho: White people below the age of 45 and BAME people below the age of 45 are facing the same rate of infection. In simple words, there is no such relationship exist between the infection rate and pattern amongst both the age group.
Ha: White people below the age of 45 are being affected by the COVID 19 virus more in compared to BAME people below the age of 45. This alternate hypothesis states that, the BAME people below the age of 45 are having stronger immunity power than white people of the same age group. White people in the age of below 45 are getting infected more than the other group. This statement means that there is a relationship between the two components given in the data.
[bookmark: _Toc76933359]Testing the hypothesis in different significance level:
Since the sample size given in the data is more than 30, the t-test cannot be performed. The reason behind the t-test not being able to perform properly in such cases is the distribution of the t-test will not be clear or distinguishable with the normal distribution. Hence, the Z-test will be performed in this case. Now the reason behind the Z-test being suitable for sample size more than 30 is under the rule of CLT or Central Limit Theorem, a larger size of the sample is considered to be normally distributed (Fischer, UK). In the case of z score has to be taken into consideration. However, the above data has been tested with a help of Z test (Panke, 2018). Variance of sample 1 is the variance of sample data of white people whereas variance 2 is for BAME community.
	Variance of sample 1
	143.513878

	Variance pf sample 2
	547.182041



	z-Test: Two Sample for Means
	p=.10
	 

	 
	 
	 

	 
	Variable 1
	Variable 2

	Mean
	36.58
	60.04

	Known Variance
	143.513
	547.182

	Observations
	50
	50

	Hypothesized Mean Difference
	0
	 

	z
	-6.3120
	 

	P(Z<=z) one-tail
	1.3769
	 

	z Critical one-tail
	1.2815
	 

	P(Z<=z) two-tail
	2.7538
	 

	z Critical two-tail
	1.64485363
	 

	 
	 
	 

	z-Test: Two Sample for Means
	P=.01
	 

	 
	 
	 

	 
	Variable 1
	Variable 2

	Mean
	36.58
	60.04

	Known Variance
	143.513
	547.182

	Observations
	50
	50

	Hypothesized Mean Difference
	0
	 

	z
	-6.3120
	 

	P(Z<=z) one-tail
	1.3769
	 

	z Critical one-tail
	2.3263
	 

	P(Z<=z) two-tail
	2.7538
	 

	z Critical two-tail
	2.5758
	 

	 
	 
	 

	z-Test: Two Sample for Means
	P=.02
	 

	 
	 
	 

	 
	Variable 1
	Variable 2

	Mean
	36.58
	60.04

	Known Variance
	143.513
	547.182

	Observations
	50
	50

	Hypothesized Mean Difference
	0
	 

	z
	-6.3120
	 

	P(Z<=z) one-tail
	1.3769
	 

	z Critical one-tail
	2.0537
	 

	P(Z<=z) two-tail
	2.7538
	 

	z Critical two-tail
	2.3263
	 



From the above analysis it is clear that, z = - 6.312 and the p value is 1.3769. In general, it is known that if the p value is greater than 0.05 then the null hypothesis cannot be rejected. So, this analysis results a failure in rejecting the null hypothesis (Levie, 2004). So, in this scenario, it can be said that there is no relation between the white people being affected by the COVID 19 virus if compared with BAME people being affected by the same virus. 
[bookmark: _Toc76933360]Outliers:
	White Patient
	OUTLIER
	Q1
	Q3
	IQR
	UPPER BOUND
	LOWER BOUND

	20
	FALSE
	28.25
	43.75
	15.5
	67
	5

	22
	FALSE
	 
	 
	 
	 
	 

	25
	FALSE
	 
	 
	 
	 
	 

	26
	FALSE
	 
	 
	 
	 
	 

	29
	FALSE
	 
	 
	 
	 
	 

	77
	TRUE
	 
	 
	 
	 
	 

	48
	FALSE
	 
	 
	 
	 
	 

	43
	FALSE
	 
	 
	 
	 
	 

	55
	FALSE
	 
	 
	 
	 
	 

	43
	FALSE
	 
	 
	 
	 
	 

	27
	FALSE
	 
	 
	 
	 
	 

	34
	FALSE
	 
	 
	 
	 
	 

	14
	FALSE
	 
	 
	 
	 
	 

	50
	FALSE
	 
	 
	 
	 
	 

	37
	FALSE
	 
	 
	 
	 
	 

	35
	FALSE
	 
	 
	 
	 
	 

	33
	FALSE
	 
	 
	 
	 
	 

	40
	FALSE
	 
	 
	 
	 
	 

	42
	FALSE
	 
	 
	 
	 
	 

	48
	FALSE
	 
	 
	 
	 
	 

	49
	FALSE
	 
	 
	 
	 
	 

	50
	FALSE
	 
	 
	 
	 
	 

	33
	FALSE
	 
	 
	 
	 
	 

	43
	FALSE
	 
	 
	 
	 
	 

	50
	FALSE
	 
	 
	 
	 
	 

	50
	FALSE
	 
	 
	 
	 
	 

	32
	FALSE
	 
	 
	 
	 
	 

	20
	FALSE
	 
	 
	 
	 
	 

	30
	FALSE
	 
	 
	 
	 
	 

	40
	FALSE
	 
	 
	 
	 
	 

	44
	FALSE
	 
	 
	 
	 
	 

	35
	FALSE
	 
	 
	 
	 
	 

	28
	FALSE
	 
	 
	 
	 
	 

	40
	FALSE
	 
	 
	 
	 
	 

	43
	FALSE
	 
	 
	 
	 
	 

	38
	FALSE
	 
	 
	 
	 
	 

	33
	FALSE
	 
	 
	 
	 
	 

	34
	FALSE
	 
	 
	 
	 
	 

	50
	FALSE
	 
	 
	 
	 
	 

	22
	FALSE
	 
	 
	 
	 
	 

	37
	FALSE
	 
	 
	 
	 
	 

	45
	FALSE
	 
	 
	 
	 
	 

	20
	FALSE
	 
	 
	 
	 
	 

	44
	FALSE
	 
	 
	 
	 
	 

	13
	FALSE
	 
	 
	 
	 
	 

	20
	FALSE
	 
	 
	 
	 
	 

	38
	FALSE
	 
	 
	 
	 
	 

	35
	FALSE
	 
	 
	 
	 
	 

	25
	FALSE
	 
	 
	 
	 
	 

	40
	FALSE
	 
	 
	 
	 
	 

	BAME
	OUTLIER
	Q1
	Q3
	IQR
	UPPER BOUND
	LOWER BOUND

	64
	FALSE
	43.25
	79.25
	36
	133.25
	-10.75

	34
	FALSE
	 
	 
	 
	 
	 

	64
	FALSE
	 
	 
	 
	 
	 

	45
	FALSE
	 
	 
	 
	 
	 

	89
	FALSE
	 
	 
	 
	 
	 

	76
	FALSE
	 
	 
	 
	 
	 

	85
	FALSE
	 
	 
	 
	 
	 

	45
	FALSE
	 
	 
	 
	 
	 

	44
	FALSE
	 
	 
	 
	 
	 

	98
	FALSE
	 
	 
	 
	 
	 

	40
	FALSE
	 
	 
	 
	 
	 

	50
	FALSE
	 
	 
	 
	 
	 

	100
	FALSE
	 
	 
	 
	 
	 

	50
	FALSE
	 
	 
	 
	 
	 

	76
	FALSE
	 
	 
	 
	 
	 

	43
	FALSE
	 
	 
	 
	 
	 

	47
	FALSE
	 
	 
	 
	 
	 

	77
	FALSE
	 
	 
	 
	 
	 

	31
	FALSE
	 
	 
	 
	 
	 

	99
	FALSE
	 
	 
	 
	 
	 

	26
	FALSE
	 
	 
	 
	 
	 

	100
	FALSE
	 
	 
	 
	 
	 

	90
	FALSE
	 
	 
	 
	 
	 

	39
	FALSE
	 
	 
	 
	 
	 

	80
	FALSE
	 
	 
	 
	 
	 

	50
	FALSE
	 
	 
	 
	 
	 

	69
	FALSE
	 
	 
	 
	 
	 

	45
	FALSE
	 
	 
	 
	 
	 

	47
	FALSE
	 
	 
	 
	 
	 

	80
	FALSE
	 
	 
	 
	 
	 

	32
	FALSE
	 
	 
	 
	 
	 

	82
	FALSE
	 
	 
	 
	 
	 

	88
	FALSE
	 
	 
	 
	 
	 

	30
	FALSE
	 
	 
	 
	 
	 

	64
	FALSE
	 
	 
	 
	 
	 

	32
	FALSE
	 
	 
	 
	 
	 

	44
	FALSE
	 
	 
	 
	 
	 

	47
	FALSE
	 
	 
	 
	 
	 

	70
	FALSE
	 
	 
	 
	 
	 

	74
	FALSE
	 
	 
	 
	 
	 

	19
	FALSE
	 
	 
	 
	 
	 

	40
	FALSE
	 
	 
	 
	 
	 

	60
	FALSE
	 
	 
	 
	 
	 

	40
	FALSE
	 
	 
	 
	 
	 

	94
	FALSE
	 
	 
	 
	 
	 

	50
	FALSE
	 
	 
	 
	 
	 

	46
	FALSE
	 
	 
	 
	 
	 

	30
	FALSE
	 
	 
	 
	 
	 

	77
	FALSE
	 
	 
	 
	 
	 

	100
	FALSE
	 
	 
	 
	 
	 

	
	
	
	
	
	
	





From the above analysis the quartile 1, quartile 3 and IQR have been calculated. An outlier is considered as an observation that usually does not lie within the normal range and eventually lies an abnormal distance from other normal values in a given sample of a population (Levie, 2004). The boxplot is the best way to visualise such kind of anomalies. Boxplots are exclusively used for visualizing outliers in a data. Basis this analysis, it can be said that the boxplot for white people have one outlier whereas the boxplot for BAME people do not have any outlier. That means there is no abnormal value for BAME segment but there is one abnormal value for White people. However, it is to say that the amount of outlier is not huge in this scenario, so it is obvious that the outliers do not have any huge impact on the outcome. 
[bookmark: _Toc76933361]Other features:
This analysis has been done with the help of boxplot and Z-test analysis. However, simple trend analysis could have been done based on the data given but that will not give any outcome or result. The data seems incomplete and limited and this will not to any concrete conclusion or solution. The hypothesis testing and z-test are the two best statistical tool that has been applied here. 
[bookmark: _Toc76933362]Other observations:
Analysing the data, it has been seen that there are lot of factors could not be identified from the data. The data feels incomplete and inappropriate to some extent. In general, COVID is a virus and there is no scientific research done which can say that the same would affect the two segments in different ways. COVID-19 is a virus which affects people with low immunity power. The immunity power of a person depends on the lifestyle he leads, foods he eats, exercise habits other than age. In this data the age of the people is given only which is not sufficient for measuring their immunity power to fight from COVID 19 virus. 	The occupation, food habits and exercise habits along with the age of people would give more strength to the analysis. So, it is important to identify the data first in order to have a strong and good analysis. With the help of all these extra parameters, the regression analysis could have been done to establish the relationship between the parameters. It is important to identify which factors are necessary to do an analysis crucially.
[bookmark: _Toc76933363]Conclusion:
From the above data visualisation and analysis, it can be said that hypothesis testing and other statistical tools are quite a useful for analysing and visualising a data properly. However, it can also be said that an analysis can only be done in appropriate manner if the data provided is complete and vast. In this scenario the provided data has come with limited attributes and parameters. The effect of COVID-19 could only be analysed if all the factors would have been provided. In this scenario the dataset includes only the age factor of the population and nothing else whereas it has been analysed that other factors such as health condition, food habits, occupation are also important in analysing the immunity power of the population which are directly and indirectly related with the COVID-19 effects. However, based on the given parameter it is seen that the said factor has no contribution towards COVID-19 infection which has be proven scientifically. 
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