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Data Analysis and Visualisation: Assignment -2 
 
 
  
 
 

Introduction: 
 
 
Considering the given data table, and the operation required to be executed I will first analyse 
and explain the processes that will guide me to execute and select the appropriate t-test for 
this data set. I will use the support of references to online sources/videos and step-by-step 
demonstrations of my development of the task in excel, and by explaining with the 
appropriate statistical expressions each component used to establish if the infection rate is 
≥; ≤; =; ≠ between the two groups. 
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Figure n° 1: Performance of the t-test step-by-step. (Credits: created by the author). 
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Preamble: 
To make clear and understandable all the concepts of the process of my data analysis we must 
know some basic rules which will bring us to the application of the t-test. To do so, we need 
to also understand what a t-test exactly is.  
 

What is a t-test and in what does it consist  
It’s an inferential statistic [1] tool, used to understand if the mean (𝜇) of two samples differ 
to a statistically significant degree. T-test also helps to test hypothesis and answer questions 
based on its results. 34words 

Figure n° 2: Differences between Inferential and Descriptive Statistics. (Credits: created by the author). 
 
The term “population” is usually referred to the group of all individuals/items took in 
consideration in a statistical way. When we discuss about samples or population samples, we 
refer to a group of it, taken under examination to learn about the whole population. 
T-test usually considers samples of population.  
To answer our questions about this assignment, we must choose one of the following: 
 T-test for paired two sample means 
 T-test for two sample assuming equal variances 
 T-test for sample assuming unequal variances 

To develop our analysis based on the t-test we should now choose how to run the test: 
following different formulas and analysing the result obtained through performing step-by-
step formulas, or by using the automated performing via excel. While developing my 
assignment I choose to do both to confirm my decision.  
For the step-by-step execution, we must start by applying the Pearson Correlation Coefficient 
[2] measure. This allow us to establish the relationship between two variables: X and Y.  
By doing that, we must remember one simple rule: Correlation does not imply causation.  
When we are looking for a correlation, we are using a statistic tool that helps us to analyse 
and define a relation between two or more variables. This may lead us to a positive or 
negative correlation [3].  
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Figure n° 3: Difference between the two types of correlations. (Credits: create by the author). 
 

We must follow some formulas to discover all the values we are going to need.  
To do that I have to start recognizing some of its component in my assignment.   
I’ll start describing all the steps I’ve took since now, used into excel to develop all my 
assignment calculations.   

 Step-by-step development: 
The process starts by dividing every column and assigning the proper name/letter to it.  
The first column is the one that indicates the number of patients taken in consideration. I will 
name it as N during the calculation process. This will help me to identify how many patients 
have been taken onto consideration for the population sample [4] for each group, white and 
BAME.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure n° 4: sampling methods. (Credits: created by the author). 
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In the second column, proceeding to the right, I’ll find the first group which consist of the 
White patients observed, I will name that as X. 
In the third column, I’ll find the BAME patients observed, this, will be renamed as Y.  
I’m now starting to develop the process looking to find (if any) a relationship between my X 
and Y, following the Pearson Correlation Coefficient.  
I will list the followed steps below: 

1. I’m starting by establishing the Mean values of both, X and Y. Those will be calculated 
by doing the Summation of X and Y (𝛴௑ ; 𝛴௒) by adding every single number below 
every corresponding column. Once obtained 𝛴௑  and 𝛴௒, to obtain the mean for each 
one, which will be written as: x ̅and y ̅from now, I will have to take the total of the 
summation and to divide this number by N ( 𝑥̅ =

ఀ೉

ே
; 𝑦ത =

ఀೊ

ே
). 

2. Once I’ve done this, I can start calculating the value of x and y, which comes out by 
doing the following: X- x ̅and Y- y,̅ for each value faced in every column. I will start 
writing down the respective values onto a new column, named respectively, x and y. 

3. After that, I must find out the xy value, which is equal to each value of x multiplied by 
each value of y [(𝑥) ⋅ (𝑦) ], following a line-by-line order. 

4. I’ve then calculated the summation of xy (𝛴௫௬) and then used it to estimate the value 
of the covariance of xy (cov 𝑥 𝑦), by dividing the summation of xy by N-1 (cov 𝑥 𝑦 =
ఀೣ೤

ேିଵ
) 

5. I’ve then calculated x and y at the power of two (𝑥ଶ; 𝑦ଶ); still following line after line, 
value after value. And then, I’ve computed the respective summations of x and y at 
the power of two (𝛴௫మ;𝛴௬మ). 

6. Once I had obtained those values, I was able to estimate the values of the variance of 
x and y, by using this formula: var 𝑥 =

ଵ

ேିଵ
⋅ 𝛴௫మ  ;  var 𝑦 =

ଵ

ேିଵ
⋅ 𝛴௬మ 

7. Once having done so, we have just a few more steps to go. I must calculate the 
standard deviations of x and y by following these simple formulas: 𝑆𝐷𝑥 = √var 𝑥 ;  
 𝑆𝐷𝑦 = ඥvar 𝑦. Which means that to obtain the value of the standard deviation of x, 
I will have to calculate the square root of the variance of x; and for the value of the 
standard deviation of y I will have to calculate the square root of the variance of y. 

8. Once I have all those values, I will then be able to calculate the value of 𝑟௫௬ which 
determines the coefficient of the correlation between x and y.  
To do so, I must follow this formula: 𝑟௫௬ =

ୡ୭୴ ௫௬

ௌ஽௫⋅ௌ஽௬
  

Anyway, this operation helped us just to identify the relation between the two variables but 
nothing more.  
If we want to know if the y is increasing, and why and how much, we must proceed with Linear 
Regression [5].  
This establishes the impact that a change on an independent variable has on a dependent 
variable.   
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Dependent variables, correlation, and linear regression: 
 
 
 
 
 
 
 
 
 
 
 
Figure n° 5: Difference between Dependent and Independent variables. (Credits: created by the 
author). 
 
This, it’s a statistical method that try the data mind, the strength and the character of 
relationship between Dependent variable (y) and Independent variable (x).  
An easy and good reminder for correlation and linear regression is:  
If x values changes, y values changes  accordingly.  
Linear Regression [6] helps us to predict the values of the changes. 
However, that was just a small bracket related to what we could need to produce some other 
hypothesis that I will not apply in this case. 

 Standard error. What is and how to predict when it occurs: 
Based on the knowledge of Linear regression and correlation, we now must consider the 
possibility to occur into errors during our predictions.  
That brings us to the concept of STANDARD ERROR [7].  
 
 
 
 
 
 
 
 
 
Figure n° 6: Standard error types. (Credits: created by the author). 
 
 
 
 
 
 
 
Figure n° 7: Type of standard error occurring. (Credits: created by the author; References: 
Week 7 power point slide, Standard Error explanation Dr. Anupam Mazumdar). 
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Figure n° 8: formula to estimate the value of the standard error. (Credits: created by the author). 
 

 
  
 
 
 
 
 

Null Hypothesis and Alternative Hypothesis: 
Thanks to the value obtained as a result onto the 𝑟௫௬ we can establish if the grade of the 
correlation is strong or weak, comparing this result to the 𝑝𝑣𝑎𝑙𝑢𝑒  (value of the probability) 
which usually is equal to 0.05.  
This allows us to choose to accept or reject the null hypothesis [8] [9].  
 

Figure n° 9: Null Hypothesis and Alternative Hypothesis, and how to determine which one to use. 
(Credits: created by the author). 
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T-test. What is and what is used for: 
Thanks to this, and observing my assignment, I have now left to understand and then choose 
which t test I will have to apply to this data set, and I will then evaluate all the possibilities in 
here.  
But before doing that, we should understand better what exactly a t-test [10] is and what do 
we need it for.  
A t-test is commonly used to determine where and if there are significant differences 
between two (or more) different data sets considering two (or more) populations samples. 
Depending on the difficulties faced to identify the mean of the populations we have then to 
choose between the equal or unequal t-test.  
If we must consider the mean of the population samples, we will then have to choose 
between the z-test or the t-test for two paired means sample.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure n° 10: Types of t- test and its relative formulas to be followed. (Credits: created by the author). 
 
The 𝑡௢௕௧ 𝑣𝑎𝑙𝑢𝑒 is vital for the next steps into my assignment.  
Based on its result, I can now check if the sample considered are statistically significant.  
To do so I will need other three important things: 
 First, I must find what’s called the 𝑡௖௥௜௧ value. To do so, I must have easy access to the 

table that follows and to two additional information.  
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Figure n° 11: Distribution table. (Credits: Statistics for the terrified, Kranzler, John H. ). 
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 To be able to estimate the 𝑡௖௥௜௧ value, I must first find the 𝑑𝑓 (Degree of Freedom), 
which is obtained by computing: 𝑛ଵ + 𝑛ଶ − 2 (in this case).  
There are some exceptions. It could happen to have two different datasets, apparently 
not related; if examined/compared they come out to be one the result of the other.  
In this case, instead of computing two times the 𝑛 values as once for each column, we 
just consider it as a total valid for both the groups, so the formula will be: 𝑛 − 1 

 I also need to know the 𝛼 𝑣𝑎𝑙𝑢𝑒 or 𝑝 𝑣𝑎𝑙𝑢𝑒 (which usually is specified into the 
exercises). 

 
Figure n° 12: reminder for 𝑡௢௕௧ value. (Credits: created by the author). 
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Type of t-test run, motivations and analysis of the results 
outputted: 

I’ve chosen to run the “t-Test: Two-Sample Assuming Unequal Variances” in Excel, and I’ve 
developed the step-by-step evaluation following the formula for the independent samples t-
test considering equal sized samples (first figure in the assignment). 
That was Excel’s output:   
 
 
 
 
 
 
 
 
 
 
 
 
Figure n° 13: t-test two sample, assuming Unequal variances with p value=0.10. (Credits: created by the author 
using Microsoft Excel). 
 
Even though the 𝑁 𝑣𝑎𝑙𝑢𝑒 observed is equal, the variables observed are independent. 
The 𝜇 𝑣𝑎𝑙𝑢𝑒𝑠 for Variable1, and 2, doesn’t seem to be different between each other, however 
we can identify a small difference, which can indicate a slightly higher probability of contagion 
rate onto the BAME group.  
Following all the above stated rules, we can see that the observations taken under 
consideration are 50 on both sides: White (X) and BAME (Y). That leads us to apply the 
following formula to find the 𝑑𝑓 : 
 𝑛ଵ + 𝑛ଶ − 2  
which gives us the result of 98, as we can see above.   100 words 
We now must consider that our significant value is = 0.10,  
and our 𝑡𝑆𝑡𝑎𝑡 𝑣𝑎𝑙𝑢𝑒 is =1.66  
and follow this rule:  
 
 
 
 
 
 
 
 
Figure n°14: Significant level value rules. When to accept or reject a 𝐻଴. (Credits: created by the 
author). 
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 Accepting or rejecting the Null Hypothesis: 
Accordingly, to that rule above, observing the 𝑡 𝑐𝑟𝑖𝑡 value and comparing it to the 𝑡 𝑠𝑡𝑎𝑡 
value, we can reject the 𝐻଴.   
Considering that: 
 𝑡 𝑐𝑟𝑖𝑡 𝑡𝑤𝑜 𝑡𝑎𝑖𝑙 >  𝑡௦௧௔௧  
we can say that the test is significant and when a significant difference occurs, we must then 
reject the 𝐻଴.  
We now must compare, following the same rule, the 𝑝 𝑡𝑤𝑜 − 𝑡𝑎𝑖𝑙 value, with the 𝑝 𝑜𝑛𝑒 −
𝑡𝑎𝑖𝑙 value. The result is the same: 
 𝑝 𝑡𝑤𝑜 − 𝑡𝑎𝑖𝑙 𝑣𝑎𝑙𝑢𝑒 > 𝑝 𝑜𝑛𝑒 − 𝑡𝑎𝑖𝑙 𝑣𝑎𝑙𝑢𝑒 . 
 
 

 T-test run with significant value of 0.10: 
Let’s analyse the table above, with the 𝛼 𝑣𝑎𝑙𝑢𝑒 = 0.10: 
 𝛼 𝑣𝑎𝑙𝑢𝑒 >  𝑡𝑆𝑡𝑎𝑡 𝑣𝑎𝑙𝑢𝑒                       0.10 > −0.29  

that brings us to the conclusion that the test is significant 
 𝑡 𝑐𝑟𝑖𝑡 𝑡𝑤𝑜 𝑡𝑎𝑖𝑙 > 𝑡௦௧௔௧                         1.66 > −0.29 

In this case the test is significant. 
 𝑝 𝑡𝑤𝑜 − 𝑡𝑎𝑖𝑙 𝑣𝑎𝑙𝑢𝑒 >   𝑝 𝑜𝑛𝑒 − 𝑡𝑎𝑖𝑙 𝑣𝑎𝑙𝑢𝑒                     0.76 > 0.38 

 
In relation to this, we can say once more, that the test has a significant value; so, we must 
reject the 𝐻଴. 
 
 

 T-test run with significant value of 0.01: 
 
 
 
 
 
 
 
 
 
 
 
 
Figure n° 15: T-test two sample, assuming Unequal variance with p value=0.01. (Credits: created by 

the author). 
 
Considering what we stated before, we can now analyse and say that if the 𝛼 value=0.01,  
 𝛼 𝑣𝑎𝑙𝑢𝑒𝑡 >  𝑆𝑡𝑎𝑡 𝑣𝑎𝑙𝑢𝑒                       0.01 > −0.29  

Conclusion: the test is significant. 
 𝑡 𝑐𝑟𝑖𝑡 𝑡𝑤𝑜 𝑡𝑎𝑖𝑙 > 𝑡௦௧௔௧                          2.62 > −2.36 

Conclusion: the test has significant value. 
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 𝑝 𝑡𝑤𝑜 − 𝑡𝑎𝑖𝑙 𝑣𝑎𝑙𝑢𝑒 >   𝑝 𝑜𝑛𝑒 − 𝑡𝑎𝑖𝑙 𝑣𝑎𝑙𝑢𝑒                     0.76 > 0.38 
 
In relation to this, we can say once more, that the test has a significant value; so we must 
reject the 𝐻଴. 
 
 

 T-test run with a significant value of 0.02 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure n° 16: T-test two sample, assuming Unequal variance with p value=0.02. (Credits: created by 

the author). 
 
 
Analysing the last hypothesis table with 𝛼 𝑣𝑎𝑙𝑢𝑒 = 0.02: 
 𝛼 𝑣𝑎𝑙𝑢𝑒𝑡 >  𝑆𝑡𝑎𝑡 𝑣𝑎𝑙𝑢𝑒                       0.02 > −0.29  

Conclusion: the test is significant. 
 𝑡 𝑐𝑟𝑖𝑡 𝑡𝑤𝑜 𝑡𝑎𝑖𝑙 > 𝑡௦௧௔௧                          2.36 > −2.08 

The test has significant value. 
 𝑝 𝑡𝑤𝑜 − 𝑡𝑎𝑖𝑙 𝑣𝑎𝑙𝑢𝑒 >   𝑝 𝑜𝑛𝑒 − 𝑡𝑎𝑖𝑙 𝑣𝑎𝑙𝑢𝑒                     0.76 > 0.38 

 
In relation to this, we can say once more, that the test has a significant value; so, then we 
must reject the 𝐻଴. 
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 Null Hypothesis and Alternative Hypothesis regarding this test: 
It’s now time to build up our Null Hypothesis. 
Knowing the previously cited rules to build a 𝐻଴, my hypothesis will be the following: 

 𝐻଴: The rate of infection between BAME and White people groups is 
varied 

 𝐻ଵ: The rate of infection between BAME and White people groups is 
unvaried or equal 

 
Considering that, and all the values studied before, if we want to avoid a type 2 error, we 
must reject the 𝐻଴. However, we must consider that there is a prejudice into the white 
patients’ sample caused by a higher age (55 years) than the range considered.  
That force us to face a Type 2 error and to accept the 𝐻଴.  
To prove my choice, I’ll leave as follow a graph which represent the tendency of the rate of 
infection between the two groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure n° 17: Infographic showing the differences between White and BAME patients’ rate of 
contagion. (Credits: created by the author). 
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Visualisation of the age range and frequency of the infection 
between the age ranges  

We will now visualise the data divided by age and frequency of the infection ratio in the graph: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure n° 18: Infographic showing the frequency of infection rate divided by age range. (Credits: 
created by the author). 

 
We can here see, that for the first age range 20-30 the infection ratio is higher into the BAME 
community. The situation is inverted if we take a closer look to the 31-40 age range. While 
onto the 41-50 range they are almost the same. The study could have had a deeper impact if 
who were collecting the date had taken under consideration the sex of the patients as well. 
In such a case, the observation could have been more specific. 
 
If we want to make the observation further specific, we must consider, some other factors 
such as: 

 Everyday life habits 
 Precaution taken 
 Physical pathologies 
 Health problems 
 Employment sector 
 Range of contact with other people/family members outdoor 
 Family composition and age range indoor 
 Previous ongoing infections 
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Conclusion: 
Considering all the observations, if we choose to follow what the rules say and the values 
obtained, we must reject  𝐻଴ saying that the rate of infection is the same and unvaried. 
However, observing the graphs and the marginally differences faced, I choose to face a type 
2 error, affirming that the infection ratio is varied between the groups examined.  
However, we can’t be 100% sure that our observation or the hypothesis are going to be right.  
To make the research more specific, we should stratify in a deeper way the observations 
considering even other features.  
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