







Executive Summary
Statistical analysis mainly refers to a collection of data and developing interpretation for that collected data in order to identify any significant trend or pattern relying within that data range. This interpretation can be developed through different statistical tools and techniques. This report has developed that there was a significant difference between two mean values of separate variables such as White people group and BAME for this case study. Null Hypothesis was rejected for all the three-significance level for this t-Test model of given data series. 

Table of Contents
Introduction	3
Question 1	3
Question 2	3
Question 3	4
Question 4	5
Figure 3: t-Test at 0.02 alpha value	7
Question 5	7
Question 6	9
Question 7	9
Conclusion	11
Reference List	12
Appendices	13
Appendix 1: t-Test at 0.10 alpha value	13
Appendix 2: t-Test at 0.01 alpha value	14
Appendix 3: t-Test at 0.02 alpha value	15
Appendix 4: Calculation of Quartile and Identifying Presence of Outliers	16



[bookmark: _Toc80718868]Introduction
This report will focus on developing difference between two mean values of separate variables and identify whether any significant difference exists or not. This report has a data set of two different types of patients in the UK such as White people and BAME. Ages of these people are given, when COVID-19 virus has infected them. The main purpose of this report is to identify whether there is any significant difference between ages of two different groups of people, when the virus has infected them or not. 
[bookmark: _Toc80718869]Question 1
t-test
A t-test is one type of statistical test, which is used for comparing two groups or variables in hypothesis testing. The formulation of the t-test is H0: µ0 = µ1. It is measured by the formula (sample mean differences/ sample standard deviation of the sample mean differences) (Xuet al. 2017). The test method is a parametric test that assumes a population or statistical data set. The data set on an assumption are such are independent, normally distributed and homogeneity of variance. There are three types of t-test methods such as one-sample t-test, dependent sample t-test and independent sample t-test or two-sample t-test. The independent sample t-test is used for comparing two distinct groups and evaluating their similar values from the other population (Gerald, 2018). Its mean score tests probability where two data sets come from the same population. On the other hand, the dependent sample t-test compares mean values that are closely matched with the two groups with an experimental treatment. Consequently, one sample t-test considers one group against its standard values. The sample of statistics are in independent t-test is considered independent variables and assume both data are normally distributed in two different groups which have the same variance.      
[bookmark: _Toc80718870]Question 2
A hypothesis is a testable statement that predicts researchers after getting the outcome in research. It considers at least two variables and finds out the possible relationship between what the researcher measures with dependent variables and the researcher has changed with independent variables. Hypothesis generates several meanings through a result process where observation leads to main functions and builds formulas with research statements (Mourougan and Sethuraman, 2017). There are two types of hypothesis as the null hypothesis and the alternative hypothesis. The null hypothesis is a research statement that has no connection with variables and writes it as a reject in the concluding section. On the other hand, alternative hypotheses provide potential outcomes and establish when the null hypothesis has been rejected. It is classified into two distinct factors such as directional hypothesis and non-directional hypothesis.
[bookmark: _brf0fl7my0b5]The evaluation formula of the hypothesis has two possibilities as nothing happened that implies null hypothesis (H0), and something happened that implies alternative hypothesis (Ha). The null hypothesis represents the p-value with the significant level of a particular statistical test. Its significant level is 5% and the effective p-value will turn out to be 3% that would be justified in rejecting the statement (Andrade, 2019). It considers type I, and II errors for evaluating null hypotheses. Type-I error defines the statement as being rejected as a null hypothesis and accepting alternative hypotheses. Type-II error accepts null hypotheses and rejects alternatives. The null and alternative hypotheses are separately and contradictory and need enough evidence and error-free calculation to get an efficient decision. There are three significance levels as 10%, 1%, and 5% where 10% is lower significance than 1%. The alternative hypothesis evaluates through the power of a test measure and decides its current probability and significance in this research.
[bookmark: _Toc80718871]Question 3
As per the given data series in the case study, it was found that a set of data series which reflects ages of two different types of people of UK. These ages of both two groups are considered as the age when they have been infected by corona virus. A two-sample t-Test needs to be developed in this case, as the data range of these two variables is completely independent and extracted from two different populations (Mishra et al. 2019). It does not show that two data series of two different variables are not from different time schedules. Both of these two variables are chosen for a similar time schedule (Xuet al. 2017). As a result, in this case, two-sample t-Test will be used; as it tests whether unknown population mean of two groups are equal or not, assuming equal variances. In this context, two hypothesis statements need to be developed based on the significance level.
Null hypothesis for this t-Test model states, there is no significant difference between infection rate of COVID-19 at different ages among White people and BAME in UK (p>significance level). Alternative hypothesis for these models’ states, there is significant difference between infection rate of COVID-19 at different ages among White people and BAME in UK (p< significance level). 
[bookmark: _uf3vviqkkjx3][bookmark: _Toc80718872]Question 4
Above null and alternative hypothesis is being tested in this report with the help of three different significance levels such as 0.10, 0.01, and 0.02. As per the significance level 0.10, it shows that the confidence level is 90%. A 90% confidence level refers to a range of values that can be 90% certain containing the true mean of a given population. As per the result developed by putting alpha value of 0.10 is as follows:
[image: ]
Figure 1: t-Test at 0.10 alpha value
As per this figure, the output of this t-test has indicated that mean age for White people is 36.58 years and mean age for BAME is 60.04 years. The mean age value of White people is almost half of the mean age of BAME. This defines that, mean values of these two variables are not equal or close. However, the hypothesised mean difference was 0, which does not rely on the actual result. On other hand, as this particular data series and expected result, only requires identifying whether there is any significant difference between two variables or not, the expected result does not satisfy a one-direction output. As a result, this t-test will be a two-tailed test as per the interpretation of data range. [Refer to appendix 1]
This interpretation is based on the P (T<=t) two-tail, which is the P-value for two-tailed formation of this test. It is seen that, p-value for this two-tailed t-Test is 0.00 which is less than 0.10. This suggests that null hypothesis is rejected for this model and it shows there is significant difference between infection rate of COVID-19 at different ages among White people and BAME in UK through acceptance of alternative hypotheses. On other hand, the absolute value and critical value of this t-Test can be used to determine the significance level of mean. In this test, -6.31 is 6.31 units away from 0, which means absolute value of t-statistics is 6.31, which is greater than its critical value 1.66. This is an indication that the given mean of two variables has significant difference and null hypothesis can be rejected. Apart from this, the result after putting alpha value as 0.01 is as follows:
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Figure 2: t-Test at 0.01 alpha value
As per figure 2, alphas value for this t-Test is considered as 0.01. As a result, Null hypothesis and alternative hypothesis of this test relies on a confidence level of 99%. A 99% confidence level refers to a range of values that can be 99% certain containing the true mean of a given population. It is found that, p-value for this two-tailed t-Test is 0.00, which is less than 0.01. This also depicts that; null hypothesis is rejected for the t-Test model of given data series and it shows there is significant difference between infection rate of COVID-19 in different ages among White people of UK and BAME. This means, the overall infection rate of COVID-19 varies between White people and BAME in UK. In other words, according to the test, -6.31 is 6.31 units away from 0, which means absolute value of t-statistics is 6.33, which is greater than its critical value 2.62. This indicates that the given mean of two variables has significant differences and null hypothesis of this test is rejected. [Refer to appendix 2]
Outcome by putting p-value as 0.02 is described in following section and hypotheses are established based on this result.
[image: ]
[bookmark: _Toc80718873]Figure 3: t-Test at 0.02 alpha value
As mentioned in figure 3, alpha value for this t-Test is taken as 0.02. Due to this, Null hypothesis and alternative hypothesis of this test relies on a confidence level of 98%. A 98% confidence level mainly defines a range of values or data, which can be considered as 98% certain containing true mean of that data range. It is found from above calculation, that p-value of this two-tailed t-Test is 0.00 which is less than 0.02 (alpha value). This mainly interprets that null hypothesis is rejected for the t-Test model of given data series and it shows there is significant difference between infection rate of COVID-19 in different ages among White people of UK and BAME. This is an indication that there is a significant variance between infection rate of White people and BAME in UK. According to the test, -6.31 is 6.31 units away from 0, which means absolute value of t-statistics is 6.33, which is greater than its critical value 2.36. This is an indication that, the mean of two variables has significant differences. [Refer to appendix 3]
[bookmark: _6i1stwh3gr9q][bookmark: _Toc80718874]Question 5
As per this given data, series presence of any outliers that completely lies to an abnormal distance from other values within a normal sample is 0. No such outliers have been found in this given data series for two different variables, which might be considered as an outlier. In order to identify the outliers a few steps need to be developed. 
Step 1
Determination of Median (middle quartile Q2)
= (N+1) * 2/4
Step 2
Range 
= Difference between highest and lowest value of the data series
Step 3
Determination of Lower Quartile (Q1)
= (N + 1) * ¼
Step 4
Determination of Upper Quartile (Q3)
= (N + 1) * ¾
Step 5
Determination of Interquartile range (IQR)
Q3 - Q2
Calculation of lower limit includes multiplication of IQR with 1.5 and then subtracted from Q1. Any value less than this are considered as outliers. On other hand, calculation of upper limit includes multiplication of IQR with 1.5 and then added with Q3. Any value greater than this, is considered as outliers (Mishra et al. 2019). However, in this report, excel function of quartiles for each data point for two variables is considered and it was found that there is no presence of outliers in this given data series. This result is also reflected in a scatter graph. [Refer to appendix 4]

Figure 4: Calculation of Quartile and Identifying Presence of Outliers
[bookmark: _do0nn25tn5jm][bookmark: _Toc80718875]Question 6
Another important feature that is found while investigating this data range is that, as per the case study, it was mentioned that all the patients were aged between 20 and 100. However, after calculating the minimum value of this data range, patients in while people with age of 13 years and age of 19 years are included in this data series for white people and BAME, respectively. 
[bookmark: _yrmmg8983xnk][bookmark: _Toc80718876]Question 7
Another factor that might affect this test is the variance of statements, given in this question, which have depicted age range from 20 to 100. However, the age range was below 20 for both these variables (Agresti and Franklin, 2018). This factor is not used in the test, as after using this factor, the number of data points in each variable will be reduced and this factor might be controlled by assessing a descriptive statistics, which shows a high standard deviation of both the variables, specifically BAME. This is an indication that the data range for both these variables are spread over a large range of values, and it is specifically for BAME. Most of the patients of White people and BAME group come underage category of 20-40 and 20-90, respectively. [Referred to Appendix 5]
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Figure 5: Descriptive Statistics

Figure 6: Distribution of Data range in White People Group

Figure 7: Distribution of Data range in BAME Group
[bookmark: _36f3slkv8bf1][bookmark: _Toc80718877]Conclusion
In conclusion, it can be stated that overall report has identified the level of significance between infection rate of White people and BAME in UK. A null hypothesis and an Alternative hypothesis were made in this report based on three different significance levels. All the results came from these three significance levels have rejected the null hypothesis. It can be concluded that, ratio of infection rate relies on the result, which defines a significance difference. As a result, the result is true as per the case study requirements.
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[bookmark: _Toc80718880]Appendix 1: t-Test at 0.10 alpha value
	t-Test: Two-Sample Assuming Equal Variances (0.10)
	

	
	
	

	 
	White Patient
	BAME

	Mean
	36.58
	60.04

	Variance
	143.5138776
	547.1820408

	Observations
	50
	50

	Pooled Variance
	345.3479592
	

	Hypothesized Mean Difference
	0
	

	df
	98
	

	t Stat
	-6.312037424
	

	P(T<=t) one-tail
	0.00
	

	t Critical one-tail
	1.290249904
	

	P(T<=t) two-tail
	0.00
	

	t Critical two-tail
	1.660551218
	 




[bookmark: _Toc80718881]Appendix 2: t-Test at 0.01 alpha value
	t-Test: Two-Sample Assuming Equal Variances (0.01)
	

	
	
	

	 
	White Patient
	BAME

	Mean
	36.58
	60.04

	Variance
	143.5138776
	547.1820408

	Observations
	50
	50

	Pooled Variance
	345.3479592
	

	Hypothesized Mean Difference
	0
	

	df
	98
	

	t Stat
	-6.312037424
	

	P(T<=t) one-tail
	0.00
	

	t Critical one-tail
	2.365002401
	

	P(T<=t) two-tail
	0.00
	

	t Critical two-tail
	2.626931088
	 




[bookmark: _Toc80718882]Appendix 3: t-Test at 0.02 alpha value
	t-Test: Two-Sample Assuming Equal Variances (0.02)
	

	
	
	

	 
	White Patient
	BAME

	Mean
	36.58
	60.04

	Variance
	143.5138776
	547.1820408

	Observations
	50
	50

	Pooled Variance
	345.3479592
	

	Hypothesized Mean Difference
	0
	

	df
	98
	

	t Stat
	-6.312037424
	

	P(T<=t) one-tail
	0.00
	

	t Critical one-tail
	2.081444897
	

	P(T<=t) two-tail
	0.00
	

	t Critical two-tail
	2.365002401
	 




[bookmark: _Toc80718883]Appendix 4: Calculation of Quartile and Identifying Presence of Outliers
	Patient No
	White Patient
	BAME
	Q1 (WHITE)
	Q3 (WHITE)
	IQR (WHITE)
	UPPER (WHITE)
	LOWER (WHITE)
	OUTLIER (WHITE)
	Q1 (BAME)
	Q3 (BAME)
	IQR (BAME)
	UPPER (BAME)
	LOWER (BAME)
	OUTLIER (BAME)

	1
	20
	64
	28.25
	43.75
	15.5
	67
	5
	1
	43.25
	79.25
	36
	133.25
	-10.75
	1

	2
	22
	34
	29
	44
	15
	66.5
	6.5
	1
	43
	80
	37
	135.5
	-12.5
	1

	3
	25
	64
	30
	44
	14
	65
	9
	1
	44
	80
	36
	134
	-10
	1

	4
	26
	45
	30
	44
	14
	65
	9
	1
	43
	80
	37
	135.5
	-12.5
	1

	5
	29
	89
	31.5
	44.25
	12.75
	63.375
	12.375
	1
	42.25
	80.5
	38.25
	137.875
	-15.125
	1

	6
	77
	76
	32.5
	44.5
	12
	62.5
	14.5
	1
	41.5
	80
	38.5
	137.75
	-16.25
	1

	7
	48
	85
	32.25
	44
	11.75
	61.625
	14.625
	1
	40.75
	80
	39.25
	138.875
	-18.125
	1

	8
	43
	45
	32
	44
	12
	62
	14
	1
	40
	80
	40
	140
	-20
	1

	9
	55
	44
	31.5
	44
	12.5
	62.75
	12.75
	1
	40
	80
	40
	140
	-20
	1

	10
	43
	98
	31
	43.5
	12.5
	62.25
	12.25
	1
	40
	80
	40
	140
	-20
	1

	11
	27
	40
	30.5
	43.75
	13.25
	63.625
	10.625
	1
	40
	79.25
	39.25
	138.125
	-18.875
	1

	12
	34
	50
	32
	44
	12
	62
	14
	1
	40
	80
	40
	140
	-20
	1

	13
	14
	100
	31.5
	44
	12.5
	62.75
	12.75
	1
	40
	80
	40
	140
	-20
	1

	14
	50
	50
	32.5
	44
	11.5
	61.25
	15.25
	1
	40
	78.5
	38.5
	136.25
	-17.75
	1

	15
	37
	76
	32.25
	43.75
	11.5
	61
	15
	1
	40
	79.25
	39.25
	138.125
	-18.875
	1

	16
	35
	43
	32
	44
	12
	62
	14
	1
	40
	80
	40
	140
	-20
	1

	17
	33
	47
	31.5
	44
	12.5
	62.75
	12.75
	1
	39.75
	80
	40.25
	140.375
	-20.625
	1

	18
	40
	77
	31
	44
	13
	63.5
	11.5
	1
	39.5
	80
	40.5
	140.75
	-21.25
	1

	19
	42
	31
	30.5
	44
	13.5
	64.25
	10.25
	1
	39.25
	80
	40.75
	141.125
	-21.875
	1

	20
	48
	99
	30
	44
	14
	65
	9
	1
	40
	80
	40
	140
	-20
	1

	21
	49
	26
	29.5
	44
	14.5
	65.75
	7.75
	1
	39.75
	80
	40.25
	140.375
	-20.625
	1

	22
	50
	100
	29
	43.5
	14.5
	65.25
	7.25
	1
	40
	80
	40
	140
	-20
	1

	23
	33
	90
	28.5
	43
	14.5
	64.75
	6.75
	1
	40
	79.25
	39.25
	138.125
	-18.875
	1

	24
	43
	39
	28
	43
	15
	65.5
	5.5
	1
	40
	77
	37
	132.5
	-15.5
	1

	25
	50
	80
	27.25
	43.25
	16
	67.25
	3.25
	1
	40
	77.75
	37.75
	134.375
	-16.625
	1

	26
	50
	50
	26.5
	41.5
	15
	64
	4
	1
	40
	75.5
	35.5
	128.75
	-13.25
	1

	27
	32
	69
	25.75
	40
	14.25
	61.375
	4.375
	1
	40
	76.25
	36.25
	130.625
	-14.375
	1

	28
	20
	45
	25
	40
	15
	62.5
	2.5
	1
	40
	77
	37
	132.5
	-15.5
	1

	29
	30
	47
	27.25
	40.75
	13.5
	61
	7
	1
	38
	77.75
	39.75
	137.375
	-21.625
	1

	30
	40
	80
	26.5
	41.5
	15
	64
	4
	1
	36
	78.5
	42.5
	142.25
	-27.75
	1

	31
	44
	32
	25.75
	42.25
	16.5
	67
	1
	1
	34
	76.25
	42.25
	139.625
	-29.375
	1

	32
	35
	82
	25
	40
	15
	62.5
	2.5
	1
	40
	77
	37
	132.5
	-15.5
	1

	33
	28
	88
	24.25
	40.75
	16.5
	65.5
	-0.5
	1
	38
	74.75
	36.75
	129.875
	-17.125
	1

	34
	40
	30
	23.5
	41.5
	18
	68.5
	-3.5
	1
	36
	72
	36
	126
	-18
	1

	35
	43
	64
	22.75
	42.25
	19.5
	71.5
	-6.5
	1
	40
	73
	33
	122.5
	-9.5
	1

	36
	38
	32
	22
	40
	18
	67
	-5
	1
	40
	74
	34
	125
	-11
	1

	37
	33
	44
	21.5
	41
	19.5
	70.25
	-7.75
	1
	40
	74.75
	34.75
	126.875
	-12.125
	1

	38
	34
	47
	21
	42
	21
	73.5
	-10.5
	1
	40
	75.5
	35.5
	128.75
	-13.25
	1

	39
	50
	70
	20.5
	43
	22.5
	76.75
	-13.25
	1
	40
	76.25
	36.25
	130.625
	-14.375
	1

	40
	22
	74
	20
	40
	20
	70
	-10
	1
	40
	77
	37
	132.5
	-15.5
	1

	41
	37
	19
	20
	41
	21
	72.5
	-11.5
	1
	37.5
	81.25
	43.75
	146.875
	-28.125
	1

	42
	45
	40
	20
	42
	22
	75
	-13
	1
	40
	85.5
	45.5
	153.75
	-28.25
	1

	43
	20
	60
	20
	39.5
	19.5
	68.75
	-9.25
	1
	41.5
	89.75
	48.25
	162.125
	-30.875
	1

	44
	44
	40
	20
	40
	20
	70
	-10
	1
	40
	94
	54
	175
	-41
	1

	45
	13
	94
	18.25
	38.5
	20.25
	68.875
	-12.125
	1
	42
	95.5
	53.5
	175.75
	-38.25
	1

	46
	20
	50
	22.5
	39
	16.5
	63.75
	-2.25
	1
	38
	88.5
	50.5
	164.25
	-37.75
	1

	47
	38
	46
	27.5
	39.5
	12
	57.5
	9.5
	1
	34
	94.25
	60.25
	184.625
	-56.375
	1

	48
	35
	30
	25
	40
	15
	62.5
	2.5
	1
	30
	100
	70
	205
	-75
	1

	49
	25
	77
	22
	49.25
	27.25
	90.125
	-18.875
	1
	62.5
	100
	37.5
	156.25
	6.25
	1

	50
	40
	100
	26.5
	58.5
	32
	106.5
	-21.5
	1
	59.5
	100
	40.5
	160.75
	-1.25
	1








Appendix 5: Descriptive Statistics
	Descriptive Statistics
	
	
	

	White Patient
	 
	BAME
	 

	
	
	
	

	Mean
	36.58
	Mean
	60.04

	Standard Error
	1.694189349
	Standard Error
	3.308117

	Median
	37
	Median
	50

	Mode
	50
	Mode
	50

	Standard Deviation
	11.97972777
	Standard Deviation
	23.39192

	Sample Variance
	143.5138776
	Sample Variance
	547.182

	Kurtosis
	1.347589754
	Kurtosis
	-1.17425

	Skewness
	0.447725039
	Skewness
	0.270148

	Range
	64
	Range
	81

	Minimum
	13
	Minimum
	19

	Maximum
	77
	Maximum
	100

	Sum
	1829
	Sum
	3002

	Count
	50
	Count
	50
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Descriptive Statistics

White Patient BAME
Mean 36.58 Mean 60.04
standard Error 1.694189349 Standard Error  3.308117
Median 37 Median 50
Mode 50 Mode. 50

standard Deviation
sample Variance
Kurtosis
Skewness

Range

Minimum
Maximum

sum

Count

1197972777 Standard Deviatic 23.39192
143.5138776 Sample Variance  547.182

1.347589754 Kurtosis 117425
0447725039 Skewness 0.270148
64 Range. 81

13 Minimum 19

77 Maximum 100

1829 sum 3002

50 Count 50
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t-Test: Two-Sample Assuming Equal Variances (0.10)

White Patient BAME

Mean 36.58 60.04
variance 1435138776 547.1820408
Observations 50 50
Pooled Variance 345.3479592

Hypothesized Mean Difference 0

df £

tstat 6312037424

P(T<=t) one-tail 0.00

t Critical one-tail 1.290249904

P(T<=t) two-tail 0.00

t Critical two-tail 1.660551218
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t-Test: Two-Sample Assuming Equal Variances (0.01)

White Patient BAME

Mean 36.58 60.04
variance 1435138776 547.1820408
Observations 50 50
Pooled Variance 345.3479592

Hypothesized Mean Difference 0

df £

tstat 6312037424

P(T<=t) one-tail 0.00

t Critical one-tail 2.365002401

P(T<=t) two-tail 0.00

t Critical two-tail 2626931088
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t-Test: Two-Sample Assuming Equal Variances (0.02)

White Patient BAME

Mean 36.58 60.04
variance 1435138776 547.1820408
Observations 50 50
Pooled Variance 345.3479592

Hypothesized Mean Difference 0

df £

tstat 6312037424

P(T<=t) one-tail 0.00

t Critical one-tail 2.081404857

P(T<=t) two-tail 0.00

t Critical two-tail 2365002401





