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Description of the dataset:
This dataset contains the age of the White and BAME patients infected with covid-19 (pandas.DataFrame.describe — pandas 1.3.0 documentation, 2021). There is a total of 50 patients of the White population and 50 of the BAME population in two different columns. 
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Fig: 1
This description of the dataset is when the outliers were present. We have considered here outliers who are having ages greater than or smaller than ‘100’ and ‘20’ respectively. The mean age for the White population sample is 36.58 and for the BAME population sample is ‘60.04’.
There is an ‘11.97’ standard deviation for the White patient’s sample and a ‘23.39’ standard deviation for the BAME patient’s sample.

t-test
The t-test works based on t-distribution and this test is considered a good choice to determine the importance of a sample mean or to determine the significance of the distinction between the means of two samples in the case of a sample having small data and also where the population variance is not known (in the case of unknown variance we use the variance of the samples as a guess of the population variance). In the case of two samples that are related in some sense, we use paired t-test (which is also known as difference test) for determining the significance of the mean of the distinction between the two related samples. It can also be used for determining the importance of the coefficients of simple and partial correlations. In this test, the t-test statistic based on the sample data is calculated and then compared with its t-statistic value based on the t-distribution or the t-statistic table value determined by the degree of freedom and the level of significance for accepting or rejecting the ‘Null hypotheses’. It may be noted that the t-test applies only in the case of a small sample(s) when the population variance is unknown (T-Test Definition, 2021).
So, mathematically we choose two small samples from the two different populations as in this problem given to us. Here we will assume two hypotheses one is null and another one is an alternative hypothesis. Where null hypotheses will be the two samples means are same and alternative hypotheses will be opposite to the null hypotheses. After that, we will calculate the value for t-statistic with some defined formula and after that, we will compare the values with the probable value from t-distribution with some degree of freedom and ‘level of significance’. And accept or reject the ‘Null hypotheses’ based on this comparison.
The assumptions for the t-test are:
1. The population should be having normal distribution from which the samples are retrieved.
2. The samples should be selected randomly from the population.
3. The population standard deviation from which the sample is retrieved is unknown.

Hypotheses
 Ordinally, when someone talks about a hypothesis, that person just means an assumption or some logic to be proved or disapproved. But, when researchers think about the hypotheses, they assume formula questions and intend to resolve them. Thus, we can say that hypothesis is a statement or set of statements that come out as an explanation for the occurrence of some phenomenon or some event either claim as a final guess to guide some experiment or analysis. In statistics, hypotheses testing is a way of determining whether or not the results of an investigation or experiment are considerable. Essentially in this, we determine whether our results are faithful by calculating the probability that they occurred by chance or are the facts. As a result, we can conclude that a hypothesis expresses our search criteria and is a notion that can be tested to assess its validity (Kothari and Garg, n.d.).

So, the actual test begins with the two hypotheses which are known as the ‘Null hypotheses and Alternative hypotheses’.




Null Hypotheses (Ho):  This hypothesis is a fact or statement about the population parameters that are assumed to be true until declared to be false. Or we can say that it’s a statement that says that there is no considerable difference between the means or the proportions of the two populations as in this given problem or that there is no difference between the means or proportions of the sample.

	
Ho

	
Ha
	
Cases to develop the hypotheses

	
Equal (=)

	
Not equal to (≠) or can be greater than (>) or less than (<)
(Two-tailed test)
	
When we have to decide on something

	
Greater than or equal to (≥)

	
Less than (<)
(One-tailed test: left-tailed test)
	
If we want to check the validity of any claim

	
Less than or equal to (≤)

	
Greater than (>)
(One-tailed test: right-tailed test)
	
Testing of research hypotheses


Alternative hypotheses (Ha): Any hypothesis which is opposite to the null hypothesis is an alternative hypothesis about the population based on the given sample data. It is also known as the Research hypothesis.
Table-1

Testable hypotheses for the given dataset 
 Set of testable ‘Null and Alternative’ hypotheses for the given dataset (Two-Sample t-Test, 2021):
1. Null hypotheses (Ho):   There is no considerable difference between the mean of the two samples. Letting different variance for both the samples.
µ1: Population mean of White Patients
µ2: Population mean of BAME Patients
µ1 = µ2
Alternative hypotheses (Ha): Given samples mean are not equal.
µ1 ≠ µ2

2. Null hypotheses (Ho): There is no considerable difference between the Proportion of both populations having age greater than equal to 60.

p1 = p2
Where,
p1: sample proportion of White Patients
p2: sample proportion of BAME Patients

Alternative hypotheses (Ha): Given samples proportion for age greater than equal to 60 is not equal.
p1 ≠ p2
3. Null hypotheses (Ho): There is no considerable difference between the proportion of both populations having age greater smaller than 60.
p1 = p2
Alternative hypotheses (Ha): given samples proportion for age smaller than 60 is not equal.
p1 ≠ p2


Testing of hypotheses with the given ‘Level of significance’ which are: 0.1, 0.01, 0.02
Analysis Without outliers:
1) Hypotheses regarding mean: 
H0: µ1 = µ2
Ha: µ1 ≠ µ2
a) p = 0.1

(scipy.stats.ttest_ind — SciPy v1.7.0 Manual, 2021)
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Fig: 2
i) Because the calculated t-test statistic is smaller than the t-statistic for p=0.1 and ‘Degree of freedom’ = 95. So, from the result of the test, we cannot accept the null hypotheses.
ii) So, the conclusion of this t-test with the ‘0.1’ level of significance is that the mean age for both the populations having covid infected patients are different. As a result, the null hypotheses get rejected here.

b) p = 0.01
[image: ]
Fig: 3
i) Because the calculated t-test statistic is smaller than the t-statistic for p=0.01 and ‘Degree of freedom’ = 95. So, from the result of the test, we cannot accept the null hypotheses.
ii) So, the conclusion of this t-test with the ‘0.01’ level of significance is that the mean age for both the populations having covid infected patients are different. As a result, the null hypotheses get rejected here.

c)  p = 0.02
[image: ]
Fig: 4
i) Because the calculated t-test statistic is smaller than the t-statistic for p=0.02 and ‘Degree of freedom’ = 95. So, from the result of the test, we cannot accept the null hypotheses.
ii) So, the conclusion of this t-test with the 0.02 level of significance is that the mean age for both the populations having covid infected patients are different. As the result, the null hypotheses get rejected here.




2) Hypotheses regarding proportion, age>=60: 
Null hypotheses (Ho): There is no considerable difference between the proportion of both populations having age greater than equal to 60.
H0:  p1 = p2
Ha:  p1 ≠ p2

[image: ]
Fig: 5

a) p = 0.1, p = 0.01, p = 0.02

i) Checking if proportions are equal for both the populations or not:
[image: ]
Fig: 6

From the result of the upper Fig-6, we can see that the given level of significance of 0.1, 0.01, 0.02 is greater than the calculated probability of this practical. So, we can conclude that the proportions of both populations are not equal for any given level of significance.




ii) Checking if the proportion of the BAME is greater than, the White population or not:
[image: ]
Fig: 7
Here as we can see from the upper practical screenshot (Fig: 7) that the given level of significance values are greater than, the calculated probability. So, here we can conclude that the proportion of the ‘BAME population’ for age greater than 60 covid infected patients is greater than, the ‘White population’. 
Because we have found that the proportion of BAME is greater than, the White population for this case. So, now further we will not check for the White population case.
 
3) Hypotheses regarding proportion, age<60: 
Null hypotheses (Ho): null hypothesis for the third case is that there is no considerable difference between the proportion of both populations having age smaller than 60.
H0:  p1 = p2
Ha:  p1 ≠ p2

[image: ]
Fig: 8

a) p = 0.1, p = 0.01, p = 0.02

i) Checking if proportions are equal for both the populations or not:
[image: ]
Fig: 9

From the result of the upper screenshot (Fig: 9), we can see that the given level of significance of 0.1, 0.01, 0.02 is greater than the calculated probability of this practical. So, from this test, we can conclude that the proportions of both the White and BAME populations are not equal for any given level of significance.

ii) Checking if the proportion of the White population is greater than, the BAME population or not for this case:

[image: ]
Fig: 10
Here as we can see from the upper practical screenshot (Fig: 10) that the given alpha values are greater than, the calculated probability. So, we can conclude that the proportion of the White population for age smaller than, 60 covid infected patients is greater than, the BAME. 
Because we have found that the proportion of the White population is greater than, the BAME population for this case. So, now further we will not check for the BAME population case.

Outliers and their effect on the analysis
There are some outliers in this dataset which are as follows:  
· There are 2 outliers for the White patients in the data set which are having values smaller than 20. 
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Fig: 11

· Also, there is a value in BAME patients which is having a value smaller than 20.
[image: ]
Fig: 12

Statistics values with or without outliers: 
H0: µ1 = µ2
Ha: µ1 ≠ µ2
a) p = 0.1:
[image: ]
Fig: 13

b) p = 0.01:
[image: ]
Fig: 14



c) p = 0.02
[image: ]
Fig: 15
As we can see from the upper screenshots (Fig: 15) that there is no much difference between the t-values for with or without outliers. In all the cases the calculated t-statistic value is smaller than, the value according to the degree of freedom and level of significance. So, in all the cases the null hypotheses will get rejected.

The Proportion for age greater than, equal to 60:
[image: ]
Fig: 16


[image: ]
Fig: 17

[image: ]
Fig: 18
There is no much difference between the values of the probabilities with or without outliers. So, the decisions will remain the same for values with outliers as without outliers.

The Proportion for age smaller than 60:
[image: ]
Fig: 19
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Fig: 20

[image: ]
Fig: 21

In these cases, also there is no much significant difference between the values of the calculated probability values for with or without outliers. So, the decisions in these cases also remain the same as was for without outliers.

Analysis outcomes
The features or the outcomes that appear in the dataset are as follows In the analysis of this dataset, we get to know that for the age greater than equal to 60. The proportion for the covid infected patients in the BAME population is greater as compared to the white population.
And the analysis for the age smaller than 60. We get to know that the White population proportion is greater for covid infected patients as compared to the BAME population.

Other factors to be considered
There are no factors that I have not considered in my analysis that can affect the results from my side. 
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In [19]: p2 = 0.01
t_statistic, p_value = stats.ttest_ind(WP, BAME, equal var = False)
t = stats.t.ppf(p2/2,1len(WP)+len(BAME)-2)

print(f'\nThe computed t-test statistic: {round(t_statistic,4)}")
print(f't-test statistic for p={p2} and degree of freedom = {np.sum([len(WP),len(BAME),-2])}: {round(t,4)}\n")

The computed t-test statistic: -6.4003
t-test statistic for p=0.01 and degree of freedom = 95: -2.6286
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In [20]: p3 = 0.02
t_statistic, p_value = stats.ttest_ind(WP, BAME, equal var = False)
t = stats.t.ppf(p3/2,1len(WP)+len(BAME)-2)

print(f'\nThe computed t-test statistic: {round(t_statistic,4)}")
print(f't-test statistic for p={p3} and degree of freedom = {np.sum([len(WP),len(BAME),-2])}: {round(t,4)}\n")

The computed t-test statistic: -6.4003
t-test statistic for p=0.02 and degree of freedom = 95: -2.3662
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In [21]: success = [len(df[df[ White Patient']>=60][ White Patient']), len(df[df['BAME']>=60][ BAME'])]
total_trials = [len(WP), len(BAME)]
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In [48]:

p3=0.02
z_statistic, p_value = proportions_ztest(count=success,

nobs=total_trials,
alternative='two-sided') #checking if proportions are equal or not

print(f'\n"p1l" value: {p1}')

print(f'"p2" value: {p2}')

print(f'"p3" value: {p3}')

print(f'Probability value: {p_value}\n')

"p1l” value: 0.1
"p2” value: 0.01
"p3” value: 0.02
Probability value: 1.2941941858868336e-07
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In [49]: z_statistic, p_value = proportions_ztest(count=success,
nobs=total_trials,
alternative='smaller') #pl<p2

print(f'\n"p1l" value: {p1}')
print(f'"p2" value: {p2}')
print(f'"p3" value: {p3}')
print(f'Probability value: {p_value}\n')

"p1l” value: 0.1
" value: 0.01
"p3” value: 0.02
Probability value: 6.470970929434168¢-08
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In [36]: clean_df
clean_df

df[df[ 'White Patient']>=20]
clean_df[clean_df[ 'BAME']>=20]

In [37]: success = [len(clean_df[clean_df[ White Patient']<60]['White Patient']), len(clean_df[clean_df['BAME']<60]['BAME'])]
total_trials = [len(clean_df[ White Patient']), len(clean_df['BAME'])]
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In [38]: z_statistic, p_value = proportions_ztest(count=success,
nobs=total_trials,
two-sided’) #checking if proportions are equal or not

print(f'\n"p1l" value: {p1}')
print(f'"p2" value: {p2}')

print(f'"p3" value: {p3}')
print(f'Probability value: {p_value}\n')

"p1l” value: 0.1
"p2” value: 0.01
"p3” value: 0.02
Probability value: 4.6951110667712657e-07
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In [40]: z_statistic, p_value = proportions_ztest(count=success,
nobs=total_trials,
alternative='larger')

print(f'\n"p1l" value: {p1}')
print(f'"p2" value: {p2}')

print(f'"p3" value: {p3}')
print(f'Probability value: {p_value}\n')

" value: 0.1
value: 0.01
"p3” value: 0.02
Probability value: 2.3475555333856329e-07
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In [6]: df[df['White Patient']<20]

out[6]:
White Patient BAME

Patient No
13 14 100
45 13 94
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In [7]: df[df['BAME"]<20]

out[7]:
White Patient BAME

Patient No

41 37 19
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In [78]:

pl = 0.1
dof_wo = len(df["White Patient”])+len(df["BAME"])-2
dof = len(WP)+len(BAME)-2

t_statistic_wo, p_value = stats.ttest ind(df['White Patient’'], df['BAME'], equal var = False)
t_pl wo = stats.t.ppf(pl/2,dof_wo) #critical t-value

print(f'\nThe computed t-test statistic with outliers: {round(t_statistic_wo,4)}')
print(f't-test statistic for p={pl} and degree of freedom={dof_wo} with outliers: {round(t_pl_wo,4)}\n')

t_statistic, p_value wo = stats.ttest_ind(WP, BAME, equal var = False)
t = stats.t.ppf(pl/2,dof) #critical t-value

print(f'\nThe computed t-test statistic without outliers: {round(t_statistic,4)}")
print(f't-test statistic for p={p1} and degree of freedom = {dof} without outliers: {round(t,4)}\n")

The computed t-test statistic with outliers: -6.312
t-test statistic for p=0.1 and degree of freedom=98 with outliers: -1.6606

The computed t-test statistic without outliers: -6.4003
t-test statistic for p=0.1 and degree of freedom = 95 without outliers: -1.6611
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In [79]: p2 = 0.01
dof_wo = len(df["White Patient”])+len(df["BAME"])-2
dof = len(WP)+len(BAME)-2

t_statistic_wo, p_value = stats.ttest ind(df['White Patient’'], df['BAME'], equal var = False)
t_p2 wo = stats.t.ppf(p2/2,dof_wo) #critical t-value

print(f'\nThe computed t-test statistic with outliers: {round(t_statistic_wo,4)}')
print(f't-test statistic for p={p2} and degree of freedom={dof_wo} with outliers: {round(t_p2_wo,4)}\n')

t_statistic, p_value wo = stats.ttest_ind(WP, BAME, equal var = False)
t = stats.t.ppf(p2/2,dof) #critical t-value

print(f'\nThe computed t-test statistic without outliers: {round(t_statistic,4)}")
print(f't-test statistic for p={p2} and degree of freedom = {dof} without outliers: {round(t,4)}\n")

The computed t-test statistic with outliers: -6.312
t-test statistic for p=0.01 and degree of freedom=98 with outliers: -2.6269

The computed t-test statistic without outliers: -6.4003
t-test statistic for p=0.01 and degree of freedom = 95 without outliers: -2.6286
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In [80]: p3 = 0.02
dof_wo = len(df["White Patient”])+len(df["BAME"])-2
dof = len(WP)+len(BAME)-2

t_statistic_wo, p_value = stats.ttest ind(df['White Patient’'], df['BAME'], equal var = False)
t_p3_wo = stats.t.ppf(p3/2,dof_wo) #critical t-value

print(f'\nThe computed t-test statistic with outliers: {round(t_statistic_wo,4)}')
print(f't-test statistic for p={p3} and degree of freedom={dof_wo} with outliers: {round(t_p3_wo,4)}\n')

t_statistic, p_value wo = stats.ttest_ind(WP, BAME, equal var = False)
t = stats.t.ppf(p3/2,dof) #critical t-value

print(f'\nThe computed t-test statistic without outliers: {round(t_statistic,4)}")
print(f't-test statistic for p={p3} and degree of freedom = {dof} without outliers: {round(t,4)}\n")

The computed t-test statistic with outliers: -6.312
t-test statistic for p=0.02 and degree of freedom=98 with outliers: -2.365

The computed t-test statistic without outliers: -6.4003
t-test statistic for p=0.02 and degree of freedom = 95 without outliers: -2.3662
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In [86]:

z_statistic, p_value = proportions_ztest(count=success,
nobs=total_trials,
alternative='two-sided') #checking if proportions are equal or not

z_statistic_wo, p_value_wo = proportions_ztest(count=success_wo,
nobs=total_trials_wo,
alternative='two-sided') #checking if proportions are equal or not

print(f'\n"p1l" value: {p1}')
print(f'"p2" value: {p2}')
print(f'"p3" value: {p3}')

print(f'\nProbability value with outliers: {p_value_wo}')
print(f'Probability value without outliers: {p_value}\n')

"p1l” value: 0.1
"p2” value: 0.01
"p3” value: 0.02

Probability value with outliers: 1.0865350963689953e-07
Probability value without outliers: 4.6951110667712657e-07
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p3=0.02
z_statistic, p_value = proportions_ztest(count=success,
nobs=total_trials,

alternative='smaller') #pl<p2
z_statistic_wo, p_value wo = proportions_ztest(count=success_wo,
nobs=total_trials_wo,
alternative='smaller') #pl<p2

print(f'\n"p1l" value: {p1}')
print(f'"p2" value: {p2}')
print(f'"p3" value: {p3}')

print(f'\nProbability value with outliers: {p_value_wo}')
print(f'Probability value without outliers: {p_value}\n')

"p1l” value: 0.1
"p2” value: 0.01
"p3” value: 0.02

Probability value with outliers: 5.432675481844976e-08
Probability value without outliers: 6.470970929434168e-08
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In [94]:

pl=0.1

p2=0.01

p3=0.02

z_statistic, p_value = proportions_ztest(count=success,
nobs=total_trials,
alternative='larger') #p1>p2

z_statistic_wo, p_value wo = proportions_ztest(count=success_wo,
nobs=total_trials_wo,
alternative='larger') #p1>p2

print(f'\n"p1l" value: {p1}')
print(f'"p2" value: {p2}')
print(f'"p3" value: {p3}')

print(f'\nProbability value with outliers: {p_value_wo}')
print(f'Probability value without outliers: {p_value}\n')

"p1l” value: 0.1
"p2” value: 0.01
"p3” value: 0.02

Probability value with outliers: ©.9999999456732451
Probability value without outliers: ©.9999999352902907
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Tn [100]: z_statistic_wo, p_value_wo = proportions_ztest(count=success_uwo,
nobs=total_trials_wo,
alternative="two-sided') #checking if proportions are equal or not

z_statistic, p_value = proportions_ztest(count=success,
nobs=total_trials,
alternative="two-sided') #checking if proportions are equal or not

print(f'\n"p1l" value: {p1}')

print(f'"p2" value: {p2}')

print(f'"p3" value: {p3}\n')

print(f'Probability value with outliers: {p_value_wo}')
print(f'Probability value without outliers: {p_value}\n')

"p1l” value: 0.1
"p2” value: 0.01
"p3” value: 0.02

Probability value with outliers: 1.0865350963689953e-07
Probability value without outliers: 4.6951110667712657e-07
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In [101]:

z_statistic_wo, p_value wo = proportions_ztest(count=success_wo,
nobs=total_trials_wo,
alternative='smaller') #P1<P2

z_statistic, p_value = proportions_ztest(count=success,
nobs=total_trials,
alternative='smaller') #P1<P2

print(f'\n"p1l" value: {p1}')

print(f'"p2" value: {p2}')

print(f'"p3" value: {p3}\n')

print(f'Probability value with outliers: {p_value_wo}')
print(f'Probability value without outliers: {p_value}\n')

"p1l” value: 0.1
"p2” value: 0.01
"p3” value: 0.02

Probability value with outliers: ©.9999999456732451
Probability value without outliers: ©.9999997652444467
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In [102]:

z_statistic_wo, p_value wo = proportions_ztest(count=success_wo,
nobs=total_trials_wo,
alternative='larger') #P1>P2

z_statistic, p_value = proportions_ztest(count=success,
nobs=total_trials,
alternative='larger') #P1>P2

print(f'\n"p1l" value: {p1}')

print(f'"p2" value: {p2}')

print(f'"p3" value: {p3}\n')

print(f'Probability value with outliers: {p_value_wo}')
print(f'Probability value without outliers: {p_value}\n')

"p1l” value: 0.1
p2" value: 0.01
"p3” value: 0.02

Probability value with outliers: 5.432675481844976e-08
Probability value without outliers: 2.3475555333856329e-07
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In [22]: df.describe()

out[22]:
White Patient

count 50.000000
mean 36.580000
std 11.979728
min 13.000000
25% 28250000
50% 37.000000
75% 43750000

max 77.000000

BAME
'50.000000
60.040000
23391923
19.000000
43250000
'50.000000
79250000

100.000000
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In [17]: WP = df[df['White Patient’]>=20][ 'White Patient']
BAME = df[df['BAME']>=20][ 'BAME']

In [18]: pl = 0.1
t_statistic, p_value = stats.ttest_ind(WP, BAME, equal var = False)
t = stats.t.ppf(p1/2,1len(WP)+len(BAME)-2) #critical t-value

print(f'\nThe computed t-test statistic: {round(t_statistic,4)}")
print(f't-test statistic for p={p1} and degree of freedom = {np.sum([len(WP),len(BAME),-2])}: {round(t,4)}\n")

The computed t-test statistic: -6.4003
t-test statistic for p=0.1 and degree of freedom = 95: -1.6611




