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[bookmark: _Toc70638744]Description of Dataset
The dataset comprises of 100 individuals, 50 of which are white patients and the other 50 are BAME patients. Their ages have been recorded and are said to be within the ranges of 20-50 years old. Using Excel’s Data Analysis package, the descriptive statistics for each population was generated. The mean for white patients was given as 36,18 years, the standard deviation as 9.420 and the confidence level as 2.677 years. The mean for BAME patients was given as 36,74 years, the standard deviation as 9.317 and the confidence level as 2.648 years. The full statistics are given in table 1.
Table 1. Descriptive statistics for white and BAME patients
	Parameter
	White Patients
	BAME Patients

	Mean
	36,18
	36,74

	Standard Error
	1,332081385
	1,31763858

	Median
	36
	34,5

	Mode
	20
	50

	Standard Deviation
	9,419237804
	9,317111754

	Sample Variance
	88,72204082
	86,80857143

	Kurtosis
	-0,88543045
	-1,307146737

	Skewness
	-0,08147524
	-0,026975039

	Range
	35
	30

	Minimum
	20
	20

	Maximum
	55
	50

	Sum
	1809
	1837

	Count
	50
	50

	Confidence Level(95,0%)
	2,676917765
	2,647893863



To determine how each patient population had their age ranges distributed, pie charts and a histogram were drawn in accordance with the frequencies and age ranges in table 2.
Table 2.Frequencies of age groups in white and BAME patients
	Age Range
	White
	BAME

	20-29
	13
	12

	30-39
	16
	15

	40-50
	20
	23

	>50
	1
	0

	SUM
	50
	50





Figure 1. Histogram of population age distribution
Based on figure 2, BAME patients make up the majority of the 20–29-year-old age group at 52% and white patients make up 48%.

Figure 2. Pie chart of 20-29-year-old patient age distribution
Based on figure 3, BAME patients make up the majority of the 30–39-year-old age group at 52% and white patients make up 48%.


Figure 3. Pie chart of 30-39-year-old patient age distribution
Based on figure 4, BAME patients make up the majority of the 40–50-year-old age group at 53% and white patients make up 47%.


Figure 4. Pie chart of 40-50-year-old patient age distribution.

[bookmark: _Toc70638745]Test Hypotheses
To test the ratios for each patient group, the test hypothesis was chosen as: Do BAME patients have a lower youth positivity rate, in COVID-19 statistics, than white patients?
[bookmark: _Toc70638746]Description of t-Test and analysis
In order to be able to test the hypothesis for both populations simultaneously, the method of the hypothesis test for the difference between two means for independent samples, where the population standard deviations are assumed to be equal but unknown but equal, was selected. The populations are assumed to be independent as no further information about the patients was given.  The standard deviations for the populations were assumed to be equal because the descriptive statistics in table 1 had roughly 1% difference between the populations and was thus assumed to be negligible. The difference between the white patients mean () and the BAME patients mean (). The null hypothesis was given as:  and the alternative hypothesis given as: . Since the standard deviation for the entire population was assumed to be unknown, the t-test was used. The entire dataset was used as a sample because it was a relatively small number in comparison to the positive statistics of towns around the world. In order to accept the null hypothesis (in other words, the sample is within the acceptance region), the test statistic tstat had to be smaller than the critical t-value tcrit, i.e.,  . The test was conducted for varying levels of significance (i.e., α=0.01,0.02,0.1) and the hypothesis tested accordingly. The youth age for each population was assumed to be the mean. The tests were conducted in Excel, using the Data Analysis Tool’s t-test: two-sample assuming equal variances option. To test the validity of the findings from the hypothesis testing, the numbers of patients from each population whose ages were below youth were compared and put in a pie chart. If the findings of the hypothesis test aligned with the pie charts from the validity tests then the hypothesis tests were deemed valid.
[bookmark: _Toc70638747]Results 
α=0.01
Table 3. t-test for two samples with equal variances output
	 
	White Patient
	BAME Patient

	Mean
	36,18
	36,74

	Variance
	88,72204082
	86,80857143

	Observations
	50
	50

	Pooled Variance
	87,76530612
	

	Hypothesized Mean Difference
	1
	

	df
	98
	

	t Stat
	-0,832593789
	

	P(T<=t) one-tail
	0,203549145
	

	t Critical one-tail
	2,36500241
	

	P(T<=t) two-tail
	0,40709829
	

	t Critical two-tail
	2,626931096
	 



Table 4. Hypothesis test for α=0.01
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Figure 5. Hypothesis Test outcome for α=0.01

α=0.02
Table 5. t-test for two samples with equal variances output
	 
	White Patient
	BAME Patient

	Mean
	36,18
	36,74

	Variance
	88,72204082
	86,80857143

	Observations
	50
	50

	Pooled Variance
	87,76530612
	

	Hypothesized Mean Difference
	1
	

	df
	98
	

	t Stat
	-0,832593789
	

	P(T<=t) one-tail
	0,203549145
	

	t Critical one-tail
	2,081444921
	

	P(T<=t) two-tail
	0,40709829
	

	t Critical two-tail
	2,36500241
	 



Table 6. Hypothesis test for α=0.02
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Figure 6. Hypothesis test  outcome for α=0.02

α=0.1
Table 7.Table 3. t-test for two samples with equal variances output
	 
	White Patient
	BAME Patient

	Mean
	36,18
	36,74

	Variance
	88,72204082
	86,80857143

	Observations
	50
	50

	Pooled Variance
	87,76530612
	

	Hypothesized Mean Difference
	1
	

	df
	98
	

	t Stat
	-0,832593789
	

	P(T<=t) one-tail
	0,203549145
	

	t Critical one-tail
	1,290249904
	

	P(T<=t) two-tail
	0,40709829
	

	t Critical two-tail
	1,660551217
	 



Table 8. Table 6. Hypothesis test for α=0.1
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Figure 7. Hypothesis test  outcome for α=0.1

Validity Test
Table 9. Validity Test
	
	White
	BAME

	Mean
	36
	37

	<Mean
	25
	26

	Viable Samples
	49
	50

	Population %
	48,98
	48,00




Figure 8. Validity Test Pie Chart
[bookmark: _Toc70638748]Discussion
The hypothesis test in table 4, from the values given in table 3, for the significance level of 1% (i.e., α=0.01) accepted the null hypothesis and failed to accept the alternate hypothesis for the two-tailed t-test. This meant that for a significance level of 1%, BAME patients had a lower youth positivity rate in comparison to white patients. The test statistic remained within the region of acceptance, as shown in figure 5. 
The hypothesis test in table 6, from the values given in table 5, for the significance level of 2% (i.e., α=0.02) accepted the null hypothesis and failed to accept the alternate hypothesis for the two-tailed t-test. This meant that for a significance level of 2%, BAME patients had a lower youth positivity rate in comparison to white patients. The test statistic remained within the region of acceptance, as shown in figure 6. 
The hypothesis test in table 8, from the values given in table 7, for the significance level of 10% (i.e., α=0.1) accepted the null hypothesis and failed to accept the alternate hypothesis for the two-tailed t-test. This meant that for a significance level of 10%, BAME patients had a lower youth positivity rate in comparison to white patients. The test statistic remained within the region of acceptance, as shown in figure 7. 
For the values in table 9, used in the validity test, the results in figure 8 show that indeed BAME patients had a lower youth positivity rate in comparison to white patients. The lower percentage of BAME patients in figure 8, prove that the results of the hypothesis testing at different significance levels are valid and factually correct.
The significance level refers to the risk of rejecting the null hypothesis in the event that it is true, such that by increasing the value of the significance level, we effectively reduce the region of acceptance. Despite the significance level multiplying 10 times, from 1% to 10%, the hypothesis test consistently accepted the null hypothesis.
To test for validity, only 49 samples were considered for white patients, as this was the only population with an outlier (i.e., patient whose age was above 50). The effect of this outlier was an increase in the median and variance. However, the effect on the mean was a decrease.
Important information about the patients, such as gender, date of positive test confirmation and residential area, was missing from the data set and this affected the quality of the outputs. For example, one could deduce that BAME youth was less likely to test positive for COVID-19 but that information had no reference for which area this was for, which gender or even within which time period. Statistical inferences could not be drawn in terms of percentages and regression models could not be developed, due to the missing information. In future, the aforementioned pieces of information would have to be provided, in order to be able to develop statistical models that would be capable of generating statistical inferences that would be of use to researches.
The data seemingly only accounted for the adult population, which would not yield any useful inferences for a town. The statistics for the elderly and children would also ideally help mould more accurate inferences for two-tailed tests.
The mean for each population is slightly different and this influences the result for the hypothesis test. Since the youth age for BAME patients is higher, fewer of the patients are more likely to be above the age. In future tests, a standardized age should be used in order to ensure uniformity of results. 
[bookmark: _Toc70638749]Conclusion
Based on the data provided, hypothesis testing proves that BAME patients have lower youth COVID-19 positivity rates in comparison to white patients for an unknown area of unknown demographics.
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30-39 year old patients	
White	BAME	16	15	


40-50 year old patients	
White	BAME	20	23	


Below mean age(youth)	
White	BAME	48.979591836734691	48	

Age group per ethnicity

White Patients	20-29	30-39	40-50	>	50	13	16	20	1	BAME Patients	20-29	30-39	40-50	>	50	12	15	23	0	Age (years)


Number of patients





20-29 year old patients	
White	BAME	13	12	
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