DATA VISUALIZATION AND DATA EXPLORATION
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“Discovery is no longer limited by the collection and processing of
data, but rather management, analysis, and visualization.”

@DamianMingle
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London’s Cholera Outbreak
of 1854

Physician John Snow links the
outbreak to a contaminated
well by plotting number of
cases on a map, jump-starting
the science of epidemiology.

BCALE 30 MCHEA TO A MILE.
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[DAL Podcast #3 — https://voutu.be/tS 2 105gRw]

F igur ative Mdp of the successive losses in men of the French Army in the Russian campaign 1812 ~ 1813

Drawn by M. Minard, Inspector General of Bridges and Roads (retired). _
Paris, November 20, 18609.
The numbers of men present are represented by the widths of the colored zones at a rate of one millimeter for every ten thousand men; they are further written
across the zones. The red designates the men who enter Russia, the black those who leave it. The information which has served to draw up the map has been
extracted from the works of M.M. Thiers, de Segur, de Fezensac, de Chambray and the unpublished diary of Jacob, the pharmacist of the Army since
October 28th. In order to better judge with the eye the diminution of the army, 1 have assumed that the troops of Prince Jerome and of Marshal Davout, who had
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https://youtu.be/tS_2_IQ5gRw
https://youtu.be/tS_2_IQ5gRw

[J.P. Blackard]
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http://www.dailyinfographic.com/successful-people-unsuccessful-people

[Author unknown]

DATA VISUALIZATION

A method, as well as an item (objective)
Typically focuses on the quantifiable

Used to make sense of the data or to make it
accessible (datasets can be massive and
unwieldy)

May be generated automatically

The look and feel are less important than the
Insights conveyed by the data

Size Population Color Median Household Income B Low Income [l High Income
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DATA UP TO THE 20™ CENTURY

In the 20" century, data problems were mostly related to
= engineering (design of machines)

= sciences (formulation of theories)

Problems were solved empirically, theoretically, or through computation.
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DATA UP TO THE 20™ CENTURY

Engineers equipped machines with sensors = used data to assess if the machines
behaved as expected & to improve designs.

Scientists set up experiments = used data to test the validity of theories.

= Experiments are expensive; relatively few data points are generated.

Data contained additional information which is often ignored.

= Example: Mendel’s experimental data, analyzed by Fisher, found to be too good to be true.
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DATA IN THE 215T CENTURY

In the 215t century, there is:
= thereis more data
= it's mostly digital

= jt's mostly observed (rather than generated by designed experiment)

Problems are solved empirically, theoretically, through computation and/or data
exploration/visualization.
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DATA IN THE 215TCENTURY

Empirically: observe and describe what happens

Theoretically: generalize and build models and generalizations to understand what
happens

Computationally: design computer simulations to better understand what happens

Data Exploration/Visualization: the new approach to understanding
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EXERCISE

In teams or individually, identify a few data visualizations that appeal to you
(professionally, esthetically, or both).

What is the story being told by the visualization?

What kind of data is needed to build these visualizations?
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THE (MESSY) ANALYSIS PROCESS
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DATA ENVIRONMENT
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Visualizations account for only ~10% of the process.



EXERCISE

In teams or individually, identify work scenarios for which data visualization could
prove useful.

What insight could be drawn from such visualizations?
Would such visualizations get a buy-in from your supervisors/employers?

How much work would be required to get from design to completion? Are the
obstacles mostly of a technical nature? Related to data procurement?
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OVERVIEW

Feb-06 Mar-06 Apr-06 May-06 Jun-06 Jul-06

Actuals

1M 3411 3,972 \
26,779 27,867 29,153 30,557 33,402 35,400 35,4
33,078 34,401 37,538 39,916 41,357 45,306 46,6
25417 26,669 28,092 29,020 29,674 30,501 308
199,841 211,053 226,789 242,957 256,605 273,640 271,71

The past is data-driven:

693 790 :
29,525 26,062 27,088 28,269 29,536 30,821 321
32,276 34,708 36,737 38,857 41,066 43,364 457
30,500 26,644 27,987 29,430 30,994 32,594 342

191,783 203,916 216,524 230,474 246,390 263,378 281,2

= mostly Excel (or reporting tools like Cognos)

Variance

= mostly numbers, tables and non-interactive graphs

= distributed on desktop computers, by email, in s s w wo  am om

PowerPoint presentation &

70
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40 -+
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= static, mostly backwards looking (lagging indicators)

M Batch 1

= KPIs and dashboards were somewhat contrived

Sample length (mm)

M Batch 2

2 3 4 5 6 7
Batch 1 10 40 50 20 10 50
Batch 2 30 60 70 50 40 30
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OVERVIEW

The future is story-driven:

new tools: Power Bl, R, Qlickview etc.
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Directory of Federal Real Property (DFRP) Dashboard Access to Information and Privacy (ATIP) search
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<«— |nfographics/Data Viz ——»

< Dashboards >

“ Reports >

< Data Art ————>
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EXPLORATORY VS. EXPLANATORY ANALYSIS

Exploratory: understanding the DATA (associated with reports)

Explanatory: communicating a STORY (associated with dashboards and data viz)

Access to Information and Privacy (ATIP) search
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SOME BASIC QUESTIONS

What system does your data represent — objects, attributes, relationships?

How does it represent this system — i.e. the data model?

Who made this dataset? When? For what purpose?

Assuming a flat file — what do the rows represent? What do the columns represent?

Do you even have enough information (e.g. metadata) to answer these questions?
Where can you find more information?
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NON-VISUALIZATION BASED SUMMARIES OF YOUR DATASET

Cl

Min. : 0.222
1st Qu.: 10.994
Median : 32.470
Mean : 42.517
3rd Qu.: 57.750
Max. :391.500
NA's :16

season
Length:340

Class :character
Mode :character

NO3
Min. : 0.000
1st Qu.: 1.147
Median : 2.356
Mean : 3.121
3rd Qu.: 4.147
Max. :45.650
NA's 2

NH4
Min. : 5.00
1st Qu.: 37.86
Median : 107.36
Mean : 471.73
3rd Qu.: 244.90
Max . : 240064 .00
NA's 2

autumn spring summer winter

80

84

86

90
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PRE-ANALYSIS USE

Data visualization can be used to set the stage for analysis:

= detecting anomalous entries
invalid entries, missing values, outliers

= shaping the data transformations
binning, standardization, Box-Cox transformations, PCA-like transformations

= getting a sense for the data
data analysis as an art form, exploratory analysis

= jdentifying hidden data structure
clustering, associations, patterns informing the next stage of analysis
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Customers served at counter (per minute)
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[Personal dataset]



[Personal dataset]
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[https://ourworldindata.org/life-expectancy]

T Life Expectancy vs. GDP per Capita from 1800 to 2012 — by Max Roser

in Data

GDP per capita is measured in International Dollars. This is a currency that would buy a comparable amount of goods and services a 1 I
U.S. dollar would buy in the United States in 1990. Therefore incomes are comparable across countries and across time. T h IS g ra p h d IS p | ays th e

correlation between life
expectancy and GDP
per capita.

Countries with higher
GDP have a higher life
expectancy, in general.

The relationship seems
to follow a logarithmic
trend: the unit increase
o in life expectancy per
unit increase in GDP
decreases as GDP per
capita increases.

Life Expectancy at Birth

0

0 3.200 6.400 9.600 12.800 16.000 19.200 22.400 25.600 28.800 32.000
GDP per Capita (1990 International Dollars)

Data sources: Data on life expectancy are from Gapminder.org; data on GDP per capita are from the ‘New Maddison Project Database’.
The interactive data visualisation is available at OurWorldinData.org. There you find the raw data and more visualisations on this topic Licensed under CC-BY-SA by the author Max Roser.


https://ourworldindata.org/life-expectancy/

Secular-Rational Values

Traditional Values

Inglehart-Welzel's Global Cultural Map (2010-2014)

2.0
.Japan
o
15 ;‘\)C\a
o® 7 Protestant
Estonia . Europe @ Norway
 Bul ga.rla 'y China hoch ®
i Ru,s_gi,a ® ¢ .Western
¢ - S.Korea Germany
Ukraine ~ Belarusy @ ° ;
® @ Lithuani A Finland
Montenegro Slovenia ™Y
_ ' °
Latvia® @ eeiwan Greece ®
0.5 Albania Serbia b . F
" i Slovakia / "3“% L:xembourg o
M a : . ®
( 3 pHungary \S" Israel Belgium
® uwn [ 2
‘Macedonia o m PY Great
Y= e ) Italy Britain
0 Croatia ® Spain
Catholic Eugope English
° kin
Uruguay Spea g
-0.5 Poland ®\.Ireland
1.0 @ Portugal
. () Ireland
Caile ®)rgentina L
pines ®
Dominican
South.' Peru Republic . '
15 Afica  ®Brazil | gtin America
[}
, bab. . |. Uganda g Ghana.‘ N ® : @ Mexico
imbabwe Algeria Egypt geria @
Morocco g Yt noania Venezuela
® Colombia
. Puerto
2.0 Africa Rico
El Salvador ]
-2 1.5 4 -0.5 0 0.5 1
Survival Values Self Expression Values

Factor Score

[https://en.wikipedia.org/wiki/World Values Survey]

Traditional values

importance of religion, parent-child
ties, deference to authority and
traditional family values.

Secular-rational values
less emphasis on religion,
traditional family values and
authority.

Survival values
emphasis on economic and
physical security.

Self-expression values

high priority to environmental
protection, growing tolerance of
foreigners, gays and lesbians and
gender equality


https://en.wikipedia.org/wiki/World_Values_Survey

DISCUSSION

Which of the pre-analysis uses of visualization is most relevant to your work?

@ IDLEWYLD data-action-lab.com /gy



