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[bookmark: _Toc81254365]Definition of t-test
T test is one of inferential statistical method that is used to figure out whether are statistically major differences between first and second group [1]. There are a number of assumptions that are made when doing a t test analysis. To begin with, it is assumed that the sample size is adequate enough in order to give results that have a minimum variance from the true population parameter. It is also assumed that the sample(s) is normally distributed, with the sample central tendencies; mean, median and the mode coinciding in the middle and variance increasing as one moves to periphery of the distribution. For the case of two independent sample t-test, it is assumed that the samples are mutually exclusive and that variances are equal. For the case of dependent sample t-test it is assumed that the samples are mutually inclusive [2].
The t-test is important in real life as it helps to compere means of various processes and phenomena to determine whether they have any significant difference using hypothesis testing technique. A good example is where a doctor wants to test whether there is a significant difference between the curative effects of two drugs that treat the same disease. Here the doctor can use two samples drawn from patients to whom the drugs have been administered. The doctor will ensure that the patients have common characteristics in terms of age and other underlying issues with only the type of drug administrated to the patients being the differentiating element. This would achieve the mutually exclusive concept. The doctor would then use hypothesis testing to determine whether there is significant difference in the curative effect of the two drugs.


[bookmark: _Toc81254366]Hypothesis testing process
A hypothesis is an educated gaze about the behavior of a certain aspect of an event, variable, object or process [3]. It is a preposition about the reality that is has not been justified with evidence. However a hypothesis helps to set base for investigation about the actual behavior of an event, object, variable or process, after evidence has been gathered.
The null hypothesis and the alternative hypothesis are the two sorts of hypotheses. A null hypothesis states how no big variations in demographic characteristics exist, object or a variable that is under investigation. The null hypothesis assumes maintenance of status quo. The alternative hypothesis seeks to challenge the null hypothesis by assuming there is a significant difference in the aspect of the population that is being investigated. This two hypothesis are always the two extremes in hypothesis testing. One has to be accepted as the other one is rejected. There is no chance of both hypothesis being accepted or rejected at the same time in statistics.
Development of meaningful hypothesis for statistical research requires one to start by asking themselves a statistically significant question. This question should be short, measurable, and easy to understand and concrete in its sense. After developing of this question, one should rephrase the question in the form that assumes that there is no significant difference between the two aspects or groups that are being investigated. One should then form another statement that gives exactly the opposite view of the first statement. 
The null hypothesis is represented by the first statement, which assumes no statistically significant difference between the groups, whereas the alternative hypothesis represented by the second statement, assumes a substantial difference between the groups. The determination of the level of accuracy follows. This is because statistics is about estimation and none can be 100% sure about the population parameter if estimated using sampling method. Unless a census is done on the population, one has to choose the level of accuracy to which this statistical hypothesis result represent the truth about the population. This level of significance can be 95%, 90% or as the researcher deems it fit. This level of truth is referred to confidence level. 
The confidence level results to an alpha (α) value that is used in the hypothesis testing [4]. The alpha value represents the difference between 100% and the level of confidence a researcher wants to achieve. 
The following part gives the two possible hypotheses for this study about Covid 19 situation in the UK based on the findings of the BBC.
[bookmark: _Toc81254367]Developing hypothesis for this study
Hypothesis testing process starts with the research question as described above. This research is aimed at determining whether there is variability in the Covid -19 infections between the white and BAME people in the United Kingdom. 
The research question in this case is: is there variability in the Covid's rate of -19 infections in the United Kingdom between the White and the BAME?
The following are the study's hypotheses:
I.  In the United Kingdom, there is no substantial difference in the rate of Covid-19 infections amongst White people and BAMEs.
II. In the United Kingdom, there is a considerable disparity in the rate of Covid-19 infections among Whites and BAMEs.
[bookmark: _Toc81254368]Testing the hypotheses
The hypothesis testing was conducted using Microsoft Excel software. The data was change into a form readable and executable by the Excel software. 
[bookmark: _Toc81254369]Testing the hypotheses at P= 0.10
	t-Test: Two-Sample Assuming Equal Variances
	White Patient
	BAME

	Mean
	36.58
	60.04

	Variance
	143.5138776
	547.182

	Observations
	50
	50

	Pooled Variance
	345.3479592
	

	Hypothesized Mean Difference
	0
	

	df
	98
	

	t Stat
	-6.312037424
	

	P(T<=t) one-tail
	4.01804E-09
	

	t Critical one-tail
	1.290249904
	

	P(T<=t) two-tail
	8.03608E-09
	

	t Critical two-tail
	1.660551217
	



The table above shows the excel output obtained when P= 0.10. In total a sample size of 50 observations from the population of white and 50 observations from the population of the BAME Covid -19 patients were used in this experiment.  The mean age for the White patients was 36.5 years. The mean for the BAME Covid- 19 patients was 60.04. The variance of White Covid-19 patients was 143.5138776 while that of BAME Covid-19 patients was 547.182
The t- statistic at alpha (p) = 0.10 was -6.312037424. Since this is a two tailed test aimed at establishing whether the means are equal, then the two tailed p- value of the study was 8.03608E-09 which is less than alpha value of 0.10.  The t-critical of 1.660551217 is also greater than the t –calculated of -6.312037424.
As a result, researchers rejected the null hypothesis and conclude that the rate of Covid-19 infections among Whites and BAMEs in the United Kingdom is not substantially different at p= 0.10.
[bookmark: _Toc81254370]Testing the hypotheses at P= 0.01
	t-Test: Two-Sample Assuming Equal Variances
	White Patient
	BAME

	Mean
	36.58
	60.04

	Variance
	143.5138776
	547.182

	Observations
	50
	50

	Pooled Variance
	345.3479592
	

	Hypothesized Mean Difference
	0
	

	df
	98
	

	t Stat
	-6.312037424
	

	P(T<=t) one-tail
	4.01804E-09
	

	t Critical one-tail
	2.36500241
	

	P(T<=t) two-tail
	8.03608E-09
	

	t Critical two-tail
	2.626931096
	



The table above shows the excel output obtained when P= 0.01. In total a sample size of 50 observations from the population of white and 50 observations from the population of the BAME Covid -19 patients were used in this experiment.  The mean age for the White patients was 36.5 years. The mean for the BAME Covid- 19 patients was 60.04. The variance of White Covid-19 patients was 143.5138776 while that of BAME Covid-19 patients was 547.182
The t- statistic at alpha (p) = 0.01 was -6.312037424. Since this is a two tailed test aimed at establishing whether the means are equal, then the two tailed p- value of the study was 8.03608E-09 which is less than alpha value of 0.01.  The t-critical of 2.626931096 is also greater than the t –calculated of                  -6.312037424.
As a result, researchers accept the null hypothesis and conclude that the rate of Covid-19 infections among Whites and BAMEs in the United Kingdom is not significantly different at p= 0.01.
[bookmark: _Toc81254371]Testing the hypotheses at P= 0.02
	t-Test: Two-Sample Assuming Equal Variances
	White Patient
	BAME

	Mean
	36.58
	60.04

	Variance
	143.5138776
	547.182

	Observations
	50
	50

	Pooled Variance
	345.3479592
	

	Hypothesized Mean Difference
	0
	

	df
	98
	

	t Stat
	-6.312037424
	

	P(T<=t) one-tail
	4.01804E-09
	

	t Critical one-tail
	2.081444921
	

	P(T<=t) two-tail
	8.03608E-09
	

	t Critical two-tail
	2.36500241
	



The table above shows the excel output obtained when P= 0.02. In total a sample size of 50 observations from the population of white and 50 observations from the population of the BAME Covid -19 patients were used in this experiment.  The mean age for the White patients was 36.5 years. The mean for the BAME Covid- 19 patients was 60.04. The variance of White Covid-19 patients was 143.5138776 while that of BAME Covid-19 patients was 547.182
The t- statistic at alpha (p) = 0.02 was -6.312037424. Since this is a two tailed test aimed at establishing whether the means are equal, then the two tailed p- value of the study was 8.03608E-09 which is less than alpha value of 0.01.  The t-critical of 2.36500241 is also greater than the t –calculated of                  -6.312037424.
Therefore, we fail to reject the null hypothesis and conclude that there is no significant difference between the rate of Covid-19 infections of the White and that of the BAME in the United Kingdom at p= 0.02




[bookmark: _Toc81254372]Testing for the presence of outliers
The distribution of these 50 observations from each sample can be summarized as shown below.

The presence of outliers was tested by calculation of the lower and the upper bounds of each sample. Lower bound= Q1-(IQR*1.5), that is used to compute the lower bound. Using the formula upper bound = Q3-(IQR*1.5), the optimal solution was obtained.
	
	White Patient
	BAME

	quartile(Q1)
	28.25
	43.25

	quartile(Q3)
	43.75
	79.25

	Interquartile range (IQR)
	15.5
	36

	upper bound
	67
	133.25

	lower pound
	5
	-10.75


The observation 77 years was an outlier in the sample of white patients since it was greater than 67years which was the upper boundary for this data.
The sample from the BAME population had no any outlier since all the 50 observations from this sample fell within the upper bound of 133.25 years and the lower bound of -10.75 years.
Presence of the outlier in sample of white patients affected variance of the data and its standard deviation causing skewness. This somehow affected the analysis to a small extent.
[bookmark: _Toc81254373]Other factors affecting the study
Other than the outliers in the data, the results of this study may not show the true representation of the population since the two samples may have different underlying health issues such as chronic diseases. The exposure of the observations to different geographical locations across the United Kingdom may expose the patients used in this study to different conditions that have different impact on their Covid -19 condition.

[bookmark: _Toc81254374]Conclusion 
According to the BBC, the purpose of this trial was to see if there were any differences in Covid-19 infection rates between White and BAME patients in the United Kingdom. A hypothesis test was conducted on two samples of White and BAME patients respectively, with level of significance ranging from 10%, 1% and 2%. All the tests concluded that there was no significant difference between the rate of infections of the White and that of the BAME in the United Kingdom.  The assumption underlying these tests included: the samples were similar in all aspects except the race component, the sampling done was random, the data sets were normally distributed, and that the variance of the samples was equal.
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