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| Data Analysis and Visualisation (ACCB4002):

Data Analysis and Visualisation: Assighnment -2

Introduction:

Considering the given data table, and the operation required to be executed | will first analyse
and explain the processes that will guide me to execute and select the appropriate t-test for
this data set. | 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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Vhite pationt.  BAME = =x | S A | S ¥*
20 23 -16.18 13,74 22z 3132 2617924 188 7876
2z, 3dh, 1418 T 38.8532 2010724 7.507E
25 44 —11.15 T.26. -51.1668 124.2924 527075
26 45 -10.15 8.26 -54.0565 1035.6329 B5.2276
23 23 =718 =T. 74 55 5732 51.5524 53.3076
27T =T =315 -3.74 §9.4132 Sd. 2724 4. 556TE
45 35 11.52 -1.74 -20. 5668 139. 7124 30276
43 45 5.562 5.26 56.3332 46.5124 G5. 2276
=1=] e 15.862 T.26 136.6352 394.1324 SZ.TOTE:
43 30 B.G2 -6.74 -45. 3668 465124 45.427T6
27 40 -9.18 328 -29.9268 842724 06276
a4 S0 -2.18 153.26 -25. 9065 4. 7524 175.8276
44 S0 T.E2 13.26 103.6332 51.15=24 175.8276:
S0 50 13.82 13.26 1583. 2532 1303324 175.8276
3T 41 .52 4. 28 3.4932 06724 15. 1476
35 43 -1.15 B.26 -T..3865 13324 jo = M 1=
33 47 -3.18 10.25 -32.6268 10,1124 105, 2676
40 32 352 -4. 74 =15, 1065 14,5924 22, 4876
42 31 5.82 -5.74 -33.4065 33.8729 329476
45 20 1152 -16.74 —137.8668 139. 7124 2802276
43 26 12.862 -10.74: -137.6868 164, 3524 15.3476
30 28 -6.18 -5.74 S54.0152 351924 TE.357T6
33 30 -3.18 -6.74. 214332 10,1124 454276
43 =3 B.52 226 54152 46.51=24 51076
50 50 13.82 13.26 183 2532 190.9924 1758276
S0 S0 13.82 13.26 153. 2532 1303324 175.8276
32 33 -4. 15 -3.74: 156352 17.4724 15,9876
20 45 -16.15 8.26 —1335. 6465 261. 73249 B5.227T6
30 47 -6.15 10.26 -53.4065 35.1924 105. 2676
40 20 352 -16.74 -63.9465 14,5324 280.2275
44 32 == -4.74 -3T7.0665 511524 22 4576
35 22 -1.15 =14. 74 17..39352 13324 217. 2676
=25 28 -8.15 -8.74 Tl43352 BE. 3124 TE.3ETE.
40 30 3.8 -6.74 -25. 7465 14.5924 45. 4276
43 34 5.5z -2.74 -18.6865 465.5124 T.507E
35 32 152 -4. 74 -8.6Z65 33124 22 4576
33 dq -3.18 7.26 -23 0865 0. 1124 52 7076
=l 47 215 10.26 -22. 3665 4. 7524 105. 2676
=0 30 13,82 -E.74 -93.1468 190.2924 45,4275
22 44 -14.18 T.26 =102, 3465 201.07249 52. 7076
a7 23 0.82 -7V -B.34685 06724 59,9076
45 40 882 3.26 287532 TT.T3Ed 10,6276
20, 30 “16.18 674 109.0532 2617324 45 4275
4d 40 = 3.26 25.4332 511524 10.6276
33 24 -3.18 1274 40,5132 10,1124 1623076
20 S0 =16.15 ] 13.26 —214.5465 2617324 175.8276
38 46 152 a.z8 16,5532 33124 BE.74TE
35 30 -1.15 -B.74 T.9532 1.53924 45.42TE
25 27 -118 -a.74. 05,5932 124 9924 94 BETE
40 S0 3.82 13.26 S0.6532 14.5924 175.5276
T
[EEs=  ‘smes| =5 1837 | | sos=s PR -134?.331 Tz = 4353.51i
= L X = 1809:50 = 3618
e
N
_ ¥ = 1837:50 = 3674
Y=
o .
covxy = N—1 covxy = 308.34:49 = 6 292653061
Z 2 varx =~ -4347.38 = el i
vk = o = .38 =
1 T — B6.80857143
Vel s < = Var¥Y= g i o=
SDx = /varx SDx = \/88.72204082 = 9.419237804
SRy i Ty | SDy — V/86.80857143 — __ 9.317111754
cgvxy | - 6.292653061 _ | oo7ivoae|
YT oD - SDy "% T Shiozsvapssaivilizss |

jl == fz - 36.18—36.74 -
Tt tope = = ==
| ||SDJ + 5D |let1oza7veos1®+inairiiirsa)
N " 'l so
d.f—n1+n9—2— df =50+50—2 =

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 (i) of two samples differ
to a statistically significant degree. T-test also helps to test hypothesis and answer questions
based on its results. 34words

inferential Statistics: Descriptive Statistics:

What is: Is commonly, a kind of test run based | Is commenly, a set of methods

on our predictions. that helps to organize and
_ summarize infermation.

Consist of: Methods that allow to reach Methods dealing with collecting,
conclusions and make estimations tabulation, summarising, and
about populations based on presentations of data.

| information taken by a sample. |

Gives us: Methods for drawing and measuring Methods for organizing and
the reliability of conclusion about summarising information; include:
population based on information the production of graphs, charts,
cbtained from a sample. and tables.

Allows us to: Identify methods that include point Calculate various descriptive
estimation, interval estimation and measures such as averages,
hypothesis testing (t-tests); all based measures of variations and

| on probability. | percentiles.
What does it do: | Essentially makes predictions. Essentially describes data.

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
assighment | 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].

Mariya Tsvetanova Todorova 1910173 6|Page
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Correlations

!

b

Positive correlation:
this occurs IF the values of two variables
changes in the same direction. If the value
increase on the xaxe it must follow the
same direction of the y axe as well.

_—

“\\ -

\
-
A

Negative correlation:
this occurs IF the values of two variables
changes in a different direction. if the value
increase on the x axe it will change direction on
the other. Example: if you increase the values
on one side, on the other they will be
decreasing. In other words, they will fall apart

of each other.

/

g

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 | 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. | 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.

What is:

Advantage:

Disadvantage: -

' Random Sampling:

Each person that
can be allowed to
the sampling gsroup
is randomly chosen
and everyone has
the same chances
to be selected.

- It’s the best logical
for probability
sampling.

It might happen
that the subjects
selected for this
sampling may not
have enough
characteristics in
CcOmmon.

Sampling methods:

[ Systematic Sampling:

| The individuals

selected for this
sampling are chosen
following regular
intervals. Those
ensure that an
appropriate size of
sampling subjects is
taken under

consideration.

Is easy to manage.

[ 1t may lead to

favouritism

Stratified Sampling:

| The population is

divided into groups
which have related
characteristics. It's
commonly applied
when is expected to
have measures of
interest which varies
amaong the

| subgroups.

it improves the
accuracy and lower
the probabilities of
favouritisms which
allows to represent
the results in an

easier way.

It needs knowledge
about the right
characteristics for
the sample groups
and is not easy to
decide between the
characteristics to be
usead.

Clustered sampling:

| Instead of using

individuals, it
divides the
population onto
subgroups/fclusters
randomly selected
and used for the
study.

It may be more

effective than
random sampling.

- High risk of

prejudice.

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, | 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.

| 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 (X ; 2y) by adding every single number below
every corresponding column. Once obtained Xy and Xy, to obtain the mean for each
one, which will be written as: X and y from now, | will have to take the total of the

Ix _ Iy

V=)

2. Once I've done this, | 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. | will start
writing down the respective values onto a new column, named respectively, x and y.

3. After that, | 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 (2,) 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 (covxy =
)

5. I've then calculated x and y at the power of two (x?; y?); 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 (sz;Z'yz).

6. Once | had obtained those values, | was able to estimate the values of the variance of

summation and to divide this number by N (x =

x and y, by using this formula: var x = ﬁ X, 2; vary = ﬁ . Zyz

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

8. Once | have all those values, | will then be able to calculate the value of 7, which

determines the coefficient of the correlation between x and y.
covxy

SDx-SDy

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.

To do so, | must follow this formula: 7., =

Mariya Tsvetanova Todorova 1910173 8|rPage
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Dependent variables, correlation, and linear regression:

\
Dependent variable: independent variable:
this occurswhen the value of y they are usually not constant. The
depends on the value of x. If x values of y usually depend on the
changes, y changes accordingly. changes of the values of x.
e e,
== —= _““——->
:"F—_k Reminder: The values of x are entirely related to the y values
“‘a——— changes. \/,__——-‘)
— - e
00 S i~

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 | 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].

STANDARD ERROR: Is directly related to our predictions and states that they are wrong
and not accurate.

Standard error types:

i
Type 1 error: occurs when the examiner Type 2 error: occurs when the examiner
chooses to reject the Null hypothesis chooses to acceptthe Null hypothesis
even though it is true. even though it is false.

Figure n° 6: Standard error types. (Credits: created by the author).

Ways to understand which type of erroris occurring:

Examiner's decision H, is TRUE H, is FALSE

Chooses toreject the. | Type 1 error is occurring. | It is the right decision fo be taken
H,

Chooses to accept the | |t is the correct decision ta be ' Tvpe 2 error is occurring.
H, Sl

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).

Mariya Tsvetanova Todorova 1910173 9|prPage
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To estimate the standard error value!

o=

L

il

if the values taken onto consideration
are less than 30 that's the formula to
be followed:

N1
gest = [SD}F\.I' 1- (Rx}'}E] .

e

If the values taken onto consideration
are more than 30 that's the formula
to be followed:

gest = [Sﬂ}h,." 1— (ny}zl

Reminder: oest indicates the estimated value of the standard error. This value is always preceded by
the sign: .

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 7y, 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].

ool
/ \

Null Hypothesis or H; :

is usually a hypothesis that the researcher
is trying to prove wrong and it's qualified

to be verified, tested and then rejected. it
must always be specific. it's usually used
to prove the absence of relationship
between two [or more) samples examined.

Alternative Hypothesis or H:

usually statesthat there is a relationship
between two examined variables. it usually
affirms that there isa new theory that
disprove the Null Hypothesis ar simply goesin
the apposite direction. t’s usually supported
by the presence of significant differences
between the two (or more) samples
examined.

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, | have now left to understand and then choose
which t test | will have to apply to this data set, and | 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.

T-test for independent samples:

& 4

When unequal sized groups of sample When equal sized groups of sample
shows: shows:

' v

The formula to follow in this case is:
The formula to follow in this case is:

Dbt

oy ==y X; — Xz

|. ] = . j |sDs 4 8D
(g — 1)5D; + (1, — 1)5Dx= 1 1y |

Ty i 2 R \ n
| n, 1, — 2 "r{nl 'n:J :

N

T-test for dependent (matched)
samples:

b

It occurs when two data sets are
taken under consideration and
are one, the consequence of the
other (that means the scores are

miatched)

|
b

The formula to follow in this
case is:
D

Lone = m

T/

Figure n° 10: Types of t- test and its relative formulas to be followed. (Credits: created by the author).

The ¢, value is vital for the next steps into my assignment.

Based on its result, | can now check if the sample considered are statistically significant.

To do so | will need other three important things:

» First, | must find what'’s called the t.,;; value. To do so, | must have easy access to the

table that follows and to two additional information.

Mariya Tsvetanova Todorova 1910173
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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_,;; value, | must first find the df (Degree of Freedom),
which is obtained by computing: n; + n, — 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

» | also need to know the « value or p value (which usually is specified into the
exercises).

Reminder: ¢ ., stays forasingle obtained value

A simple rule to follow once we achieve this value i the larger the £, valueis, the more ikely it is to
represent a statistical difference between the two variables, or two numbers considered.

Figure n° 12: reminder for t,;; value. (Credits: created by the author).

Mariya Tsvetanova Todorova 1910173 13|rage
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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:

t-Test: Two-Sample Assuming Unequal Variances @ value =010
Variable 1 Variable 2

hean 36.18 36.74
Variance 838.712040382 86.80857143
Observations 50 50
Hypothesized Mean Difference 0

df 98

t 5tat -0.298873822

P(T<=t) one-tail 0.382832305

t Critical one-tail 1.290249504

P{T==t) two-tail 0.76566461

t Critical two-tail 1.660551217

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 u values for Variablel, 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 :

Ny Ly —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:

IF Significant level value We can then:
_ (ax value) _
Is higher than the p value | The t-test has a significant Reject the Null Hypothesis or

value/ The t-testis significant | H; _
Is lower than the p value | The t-test has not significant Accept the Null Hypothesis or
value/ The t-testis not H,

significant
Figure n°14: Significant level value rules. When to accept or reject a Hy. (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 > tgqe
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 @ value = 0.10:
» avalue > tStat value =— 0.10 > —0.29
that brings us to the conclusion that the test is significant
» tcrittwo tail > tg,y =——— 1.66 > —0.29
In this case the test is significant.
» ptwo — 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:

t-Test: Two-Sample Assuming Unegual Variances o value=0.01
Variable 1 Variahle 2

Mean 35.18 36.74
Variance 88.72204082 £26.80857143
Observations 50 50
Hypathesized Mean Difference ]

df 98

t Stat -0.29BE79E822

P{T<=t) one-tail 0.382832305

t Critical one-tall 2.36500241

P{T<=t) two-tail 0.76566461

t Critical two-tail

2.626931096

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 a value=0.01,
» avaluet > Stat value ——— 0.01 > —0.29

Conclusion: the test is significant.

» tcrittwo tail > tg,y = 2.62 > —2.36
Conclusion: the test has significant value.
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» ptwo — 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

t-Test: Two-Sample Assuming Unequal Variances o wvalue=0.02
Varioble 1 Variable 2
Mean 36.18 36.74
Variance 88.72204082 86.80857143
Observations 50 50
Hypothesized Mean Difference 0
df 38
t Stat -0.2588759822
P(T<=t) one-tail 0.382832305
t Critical one-tail 2.081444521
P(T<=t) two-tail 0.76566461
t Critical two-tail 2.36500241

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 a value = 0.02:
» avaluet > Stat value =—— 0.02 > —0.29
Conclusion: the test is significant.
» tcrittwo tail > tg,y = 2.36 > —2.08
The test has significant value.
» ptwo — 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 Hy, my hypothesis will be the following:

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

+ H,: 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 Hy,. 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.

Difference between White and BAME
patients' rate of contagion

White patient essBAME

il
)
=
e
o2
d
)
=

1 3 5 7 9 1113 15 17 1% 21 23 25 27 29 31 33 35°37 39 41 43 45 47 49
PATIENT N®

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:

Frequency of infection divided by age range

EWhite people group sample WEBAME group sample

17

=
=1
=
i}
o
=
[
o
o
)
]
=
o
-
&

Age range

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

R EEEE
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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, | 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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