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Recap

e We looked at different modalities of data

sepal length (cm) sepal width (cm) petal length (cm) petal width (cm) species
0 5.1 3.5 1.4 0.2 setosa
i 1 4.9 3.0 1.4 02 setosa
"] 2 4.7 3.2 1.3 02 setosa
0.50 1
3 4.6 3.1 1.5 0.2 setosa
g 025
g 4 5.0 3.6 1.4 0.2 setosa
& o000
-0.25
145 6.7 3.0 5.2 2.3 virginica
-0.50 4
146 6.3 2.5 5.0 1.9 virginica
-0.75
2 * o LT e k2 1 147 6.5 3.0 5.2 2.0 virginica
148 6.2 3.4 5.4 2.3 virginica
149 5.9 3.0 5.1 1.8 virginica

* \We considered variable types

Iris species (hominal level of education (ordinal




Tabular data

* We will focus on this modality quite a bit

e |t crops up a lot in real life and it is straightforward to work with

sepal length (cm) sepal width (cm) petal length (cm) petal width (cm) species

0 5.1 3.5 1.4 0.2 setosa
1 4.9 3.0 1.4 0.2 setosa
2 4.7 3.2 1.3 0.2 setosa
3 4.6 3.1 1.5 0.2 setosa
4 5.0 3.6 1.4 0.2 setosa
145 6.7 3.0 5.2 2.3 virginica
146 6.3 2.5 5.0 1.9 virginica
147 6.5 3.0 5.2 2.0 virginica
148 6.2 3.4 5.4 2.3 virginica

149 5.9 3.0 5.1 1.8 virginica



Summarising Data



World Happiness Report

 Produced by a non-profit of the United Nations

 What do you want to know when you see this?

Country or region Score GDP per capita Social support Healthy life expectancy Freedom to make life choices Generosity Perceptions of corruption

Guatemala 6.436 0.800 1.269 0.746 0.535 0.175 0.078
Yemen 3.380 0.287 1.163 0.463 0.143 0.108 0.077
Netherlands 7.488 1.396 1.522 0.999 0.557 0.322 0.298
Libya 5.525 1.044 1.303 0.673 0.416 0.133 0.152
Jamaica 5.890 0.831 1.478 0.831 0.490 0.107 0.028
United States 6.892 1.433 1.457 0.874 0.454 0.280 0.128



Extreme values

e Take maximum of score: Finland

* Take minimum of perceived corruption: Moldova
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House buying

* |et's say I'm considering buying a property in Portobello

e What do | need to know?
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Central values

 Good to know the mean house price

e Or median?

Portobello

House Prices in Portobello

Properties in Portobello had an overall average price of £308,327 over the
last year.

Overall, sold prices in Portobello over the last year were 10% up on the
previous year and 11% up on the 2008 peak of £276,604.

Properties sold

Filter: This area only v All'years

2,414 sold properties

2, Ormelie, Brunstane Road North, Edinburgh, Mid EH15 2DJ

Unknown
£1,050,000 31 Jan 2022
£846,648 27 Jul 2020

No other historical records

Who provides this information?

Scottish house price data is Registers

of Scotland

‘N

4
-,

publicly available

information produced by the
Registers of Scotland.
Please note the dates shown
below relate to the
property's registered date
not sold date. This material
was last updated on 7 March

2022.

Average price in this area:

£308,327

Explore the map view — t 10% since 2019

How much can | borrow?

Check your affordability and learn
how much you can borrow, based on
your monthly income and outgoings.

All property types v

Try Nationwide's affordability
calculator»

Advertisement @ Nationwide

Building Society

Datesold ¥

Nationwide pays Rightmove a fee for
each completed mortgage. It'sup to
you if you choose Nationwide, or a
different lender, to suit your mortgage
needs and circumstances.

What is vour propbertv worth?

Source: Rightmove



Summary Statistics

 Most people will not scroll through a table!

 Summary statistics let us convey information as simply as possible

Salaries in London Area

Location Find a Specific Employer

> Accenture -
London £54,608 /yr
4.1%  21salaries See 21 salaries from all locations
[ ) [ )
quality air, WHO says |
m Deloitte -
O
London £58,219 /yr
£31K
4.0 % 19 salaries See 20 salaries from all locations
* Barclays \ 4
London £52872n  ac fiook
4.0 % 16 salaries See 16 salaries from all locations
m University College London -
Lond £39,800 /yr

4.3 % 10 salaries See 10 salaries from all locations

Source: Glassdoor



Mode

» Suitable for summarising ordinal, nominal, and discrete variables

» Let’s denote our variable (e.g. iris species) X
e \We have measurements of that variable

e The mode Is the measurement that occurs the most

Favourite Colour

red
blue
N 3 red, 2 blue, 1 yellow
red

blue The mode Is red

yellow

o A WO N = O



Mean

* Denote as u. Suitable for summarising numerical variables

e For variable X we have N measurements {x(”)}f;:()l

e Counting from O because Python! Measurements are just x(o),x(l), . ,x(N -1

Exam marks (%)

Mark (%) 20

1 A ° > 5
po=— ) R £
N =0 2 45 : -

o

40 50 60 70 80
Marks



Variance and Standard Deviation

. Denote variance as ¢°. Standard deviation (SD) is 0

« For variable X we have N measurements {x(”)}f;:ol
1 N—1
2 2 : 2
Gx o N n=0 (X(n) o qu)

» Be aware that some definitions divide by N — 1

« N~ N+ 1 forlarge N so this isn’t that important!

See https://towardsdatascience.com/the-reasoning-behind-bessels-correction-n-1-eeea25ec9bc9 for more info



https://towardsdatascience.com/the-reasoning-behind-bessels-correction-n-1-eeea25ec9bc9

Standard Deviation

SD measure the extent to which measurements deviate from the mean

Exam marks (%)

- Exam marks (%)

-
Ul
|

Frequencies
-

()
Frequencies
=
o

Ul
|

40 50 60 70 80 40 50 60 70 80
Marks Marks

=5 c= 10



Skewness

« Denote using s. For variable X we have /N measurements {x(”)}f;:ol

N Z x(n) R /’tx)3

SX
53
- Exam marks (%) X " Exam marks (%)

. 15 . 15
g -
0 0

40 50 60 70 80 40 50 60 70 80

Marks Marks
Positive skew Negative skew
Bulk of measurements on the left Bulk of measurements on the right

Tail on the right Tail on the left



Median

 Order measurements of a numerical variable from lowest to highest

e The median is the measurement in the middle
1 2 3 5 8 12 17

e The median is a robust statistic

1 2 3 5 8 12 1700000000



Medians are robust to outliers

Median salary is more meaningful than mean salary

Bet365 boss Denise Coates gets
£300m pay package - a £170m cut

By Russell Hotten
BBC News

® 3 March

] Denise Coates was appointed CBE for services to the community and business in 2012

Bet365 boss Denise Coates took home about £300m during its last financial
year - £170m down on the previous year - as growth stalled.

s 00600 (—

CEO pay jumps more than 15% as post-
pandemic bonuses surge

By Lydia Moynihan June 13, 2022 | 1:58pm | Updated

David Solomon hauled in big bucks in 2021.

Bloomberg via Getty Images

Compensation for chief executives jumped 15.7% last year
MORE ON: — driven mainly by huge bonus payouts as corporations
CEOS recovered from the pandemic, according to a new study.



Relating variables to each other

 We may be interested in the relationship between two variables

 Does GDP per capita relate to Healthy life expectancy?

Country or region Score GDP per capita Social support Healthy life expectancy Freedom to make life choices Generosity Perceptions of corruption

Guatemala 6.436 0.800 1.269 0.746 0.535 0.175 0.078
Yemen 3.380 0.287 1.163 0.463 0.143 0.108 0.077
Netherlands 7.488 1.396 1.522 0.999 0.557 0.322 0.298
Libya 5.525 1.044 1.303 0.673 0.416 0.133 0.152
Jamaica 5.890 0.831 1.478 0.831 0.490 0.107 0.028
United States 6.892 1.433 1.457 0.874 0.454 0.280 0.128



Covariance and correlation

« We have two numerical variables X and Y each with N measurements

» Let’'s compute the means and SDs of each: y,, u,, 6,, 0,

- The covariance o,, and Pearson correlation coefficient p,, are given by:

1 N—1
ny — N Z (x(n) o lux)(y(n) o /’ty)
n=0

O Xy

pxy —

0,0,



Pearson correlation coefficient

* Py Nas avalue between -1 and 1

» Gives a measure of how linear the relationship between X and Y is
e |.e. the extent to which we can use a line to predict one from the other

* 0.84 for GDP per capita and Healthy life expectancy

©c o o H
g o)} 00] o
| | | | |

o
N

Healthy life expectancy

O
o

0.0 0.5 1.0 1.5
GDP per capita



Pearson correlation coefficient
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Pearson correlation coefficient
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Source: https://en.wikipedia.org/wiki/Correlation#/media/File:Correlation examples2.svg



https://en.wikipedia.org/wiki/Correlation#/media/File:Correlation_examples2.svg

orrelation does not imply causation

EVERYBODY WHO WENT TO
THE MOON HAS EATEN
CHICKEN!

N\

COOD CRIEF.
CHRICKEN MAKES
Yyou CO TO
THE MOON!

Number of people who drowned by falling into a pool
correlates with

Films Nicolas Cage appeared in

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
140 drownings 6 films
(%]
(@)}
=
c
g 120 drownings 4 films £
= g
e =
S o
2 g
‘e 100 drownings @ 2 films o
£
=
(Vp]
80 drownings 0 films
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-®- Nicholas Cage -¢- Swimming pool drownings

tylervigen.com



Rubbish in, rubbish out

If your data is rubbish then anything you extract from it is also rubbish
* You might not have enough data items

* The process for collecting data might be flawed (e.g. biased)
 Measurements might be recorded incorrectly

* The variables chosen might not be useful




Misleading statistics

Can be nefarious, or just stupidity

News Front Page
World

uk]
England
Northern Ireland
Scotland
Wales
Business
Politics
Health
Education

Science &
Environment

Technology
Entertainment
Also in the news

Video and Audio

Have Your Say
Magazine

In Pictures
Country Profiles
Special Reports

RELATED BBC SITES
SPORT

WEATHER

CBBC NEWSROUND

[P LIVE BBC NEWS CHANNEL

Last Updated: Wednesday, 17 January 2007, 02:45 GMT

E-mail this to a friend g Printable version

Colgate warned over '80% ' boast

The maker of Colgate
toothpaste has been warned
not to repeat its famous
advertising claim that "more
than 80% of dentists
recommend Colgate".

The Advertising Standards
Authority concluded the claim
on Colgate posters was
"misleading” after investigating
the phone survey behind the
boast.

Colgate's claim on posters was
"misleading"

It found the dentists surveyed were allowed to name more
than one brand.

But the ASA said the advertising claim implied 80% of dentists
recommended Colgate to the exclusion of its rivals.

In fact, the ASA's inquiry found another competitor's brand
was recommended almost as much as Colgate was by those
dentists who were surveyed.

It added the survey "did not make clear the poll was on behalf
of Colgate".

ANLON'S RAZOR

Never attribute to malice
that which 1s adequately explained
by stupidity




Visualising Data



Visualising data for presentation

* Conveying information as simply, and clearly as possible

* |tis an art form, combining data analysis with graphics design

China's population by age group
Proportion of total population (1960-2050)
0-14 years M 15-64 W 65+

100%
I
|
75% T
One-child policy
comes into effect
50% :
25%
00/0 | | | | |
1960 1980 2000 2020 2040
Source: The World Bank B|B|C]

Fast-growing cities face worse climate risks
Population growth 2018-2035 over climate change vulnerability

@ Africa ¢ Asia @ Americas @ Europe @ Oceania
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Growing
0%
Less vulnerable More vulnerable
Source: Verisk Maplecroft. Circle size represents current population. EHEE

Win Flip Win Flip
77 77

Democrat  Republican  Results
not in

Source: BBC



Visualising data for presentation

Can be done badly e.g. overcomplicated or misleading
JIAIN MCGILL:

i RUTH DAVIDSON’S CANDIDATE
Wowest 4 % 2& i § | — 3 EDINBURGH NORTH AND LEITH
%%% % | % ] ON 4TH MAY 2017

SNP
27.6% Bl

25.9%

o
%
Nty g
4(;‘;""8
H"Waﬁa
W?sh'ng,on \ :
' A LB
o \:‘b’oﬁ’ bt Kerriick
_‘__“'\. A0 v riucky
e PP 7Y RS et Vg
Golorado —— e ,5‘, Tarnesses
gar ¥ Two Horse Race
wada ",‘."x‘j.‘g?"‘ Nﬂm,
41N g In Edinburgh North and Leith it's a two horse race
:Q’“q,@ between Labour and the SNP. The only way to stop
%, W, -
Gy M the Nationalists is to vote Labours©nly in 2015
¢ ' q;’ Southeast Labour was a close second to SNP. Conservatives a

o poor third, with Labour double their votes. In 2015
‘f & %% the SNP secured half of the Scottish vote, and these
f g % official figures show that has now plummeted by 18
$ 8 = points.
Southwest

Source: https://junkcharts.typepad.com/junk_charts/2014/01/visualizing-movements-of-people.html

The only poll that counts: Election in 2015

-~

Send Nicola Sturgeon a message

Source: https://www.broughtonspurtle.org.uk/news/dodgy-election-bar-charts-4



Visualising data for presentation

Or can just be completely wrong

"3 - 3 Ak T - Y

2012 PRESIDENTIAL RUN

GOP CANDIDATES

UNEMPLOYMENT RATE

UNDER PRESIDENT OBAMA

BACK PALIN |

70%’

g, did% 3, O A
9,0% 0% 1% Ty 4% 4% Of% g0 pien

8% gan 1 ‘

:

Rt | 4

\

BACK HUCKABEE BACK ROMNEY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV

~ 2011
‘r{};\ SOURCE:OPINIONS SOURCE: BUREAU OF LABOR STATISTICS
a7* SYNAORK

2,292.50

| .

Source: https://www.businessinsider.com/fox-news-charts-tricks-data-2012-11?r=US&IR=T



https://www.businessinsider.com/fox-news-charts-tricks-data-2012-11?r=US&IR=T

Visualising data for exploration

* Finding patterns, spotting outliers and errors, identifying important variables

* Deciding which machine learning method to apply

Correlations for penguin attributes

o 1.0
bill_length_mm -0.24 “ I
-0.5
: -0.58

bill depth_mm- -

flipper_length_mm

body mass g

- - - °‘|
Vp]
X EI E| E| %
S 5 5 L
(@) O (@)) |
- Q c >
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Bar plots

* Good for visualising categorical variables

e |f the variable is ordinal then make sure that the columns are in order

How would you rate this lecture?

20 -

15 -

10 -

1 Awful 2Bad 3 OK 4 Good 5 Great



Histograms

e Sorts measurements for numerical variables into equal sized bins

 The number of bins (and/or bin width) may need tweaking depending on use

Exam marks (%) - 3 bins

Frequencies

Marks

Frequencies

N
o

w
o
|

N
o
|

[
o
|

o
|

Exam marks (%) - 10 bins

Marks

Frequencies

Exam marks (%) - 50 bins

0.0 - ]
40 50 60 70 80 90

Marks

Strange y ticks on this plot.
This can also be tweaked!



Scatter plots in 2D

 Each point corresponds to a data item

* The Xx, y values for that point are measurements of two numerical variables

* We can also distinguish points by category e.g. by using different colours

Petal length vs. petal width of irises 5 Petal length vs. petal width of irises
Q setosa

N N versicolor

E 5 E 5 virginica

= =

o S

= =

©1- ©1-

Q Q

al ol

O_ | | | | | | | O_ | | | | | | |

1 2 3 4 5 6 7 1 2 3 4 5 6 7

Petal length (cm) Petal length (cm)



Scatter plots in 3D

 We can have X, y, z values to show three measurements per point

 But beware: we can’t see space properly as its only a 2D projection :(

Sepal Length vs. Petal length vs. petal width of irises

e sSetosa
e Vversicolor
e Vvirginica

8 €

@ 4~ 7 c

B +J

®0 o o Bo-o (@)

1 oY r 6 O

0&333 .o’ —

wa % ® L (0]

° O}. ..C, ../ 5 (%%

| avoid 3D plots
when | can!




Line plots

e Can be useful for interpolation

 But can also depict a functional relationship that doesn’t exist

Y VS. X 5 Petal length vs. petal width of irises

Petal width (cm)

1 2 3 al 5 6 7
Petal length (cm)




Box plots

 Shows 5 key statistics of a variable, each being an actual measurement

* |nterquartile range (IQR) = upper quartile - lower quartile

Upper quartile

Lower quartile ———

Smallest point
within 1.5 QR
of lower quartile

Median

Largest point
within 1.5 QR

1 2 3 4 5 6 7 of upper quartile
petal length (cm)




Box plots

 We can view these statistics split by category

* Any points outside of the whiskers are plotted
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horizontal or
: vertical
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Heat maps

* A matrix with colours to represent intensities of some quantity

 Here we have correlation coefficients of different attributes of penguins

Correlations for penguin attributes

n Il.o
0.5
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And of course ... pie charts

Avoid!

European Parliament Party Breakdown

W EUL-NGL
WS&D

“ Greens-EFA
W ALDE

W EPP

“ECR

“ EFD

~ Non-Inscrits

Source: https://www.businessinsider.com/pie-charts-are-the-worst-2013-6?r=US&IR=T



https://www.businessinsider.com/pie-charts-are-the-worst-2013-6?r=US&IR=T

Summary

* \We have revised some statistics and seen how they can summarise data
 We have considered Pearson correlations for different pairs of variables
 We have seen examples of good and bad visualisations of data

 We have considered different ways of plotting data



