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Exploratory Data Analysis

A HEIGHTS of 80 STATES B} HEMGHTS of 219 VOLCARDS
Originator: John W.Tukey !'~"'T
Main idea: represent data so i
as to facilitate understanding ...

The greatest value of a picture
is when it forces us to notice —
what we never expected to see. o~

and prompt hypotheses

John W. Tukey

Exploratory Spatial Analysis
(example)

Dr. John Snow:
Investigation of

deaths from cholera
London, September 1854

death locations

A good data representation is
the key to solving the problem




Typical Tasks in Exploratory
Spatial Analysis
* Identify spatial patterns

* Identify information relevant to explaining
the patterns

* Identify relationships between spatial
phenomena

Tools for Exploratory Spatial
Analysis: Thematic Maps

‘»;‘:" A: Area Population Density 1991
-

average for ward areas

General reference maps
Meno 5

Thematic maps

..show locatlons of objects --.-Sh.OW §patia1 . i “)-‘M ~
distribution of attributes e o




Some Techniques for Thematic Mapping
(D)

Choropleth maps:
enumeration units coloured or
shaded to represent different
magnitudes of an attribute
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Dreath rate Chart maps: ' total employed in agriculture 1991
— 170 W total ermployed in industry 1881

SiZCS Of Chart Segments are . W total employed in services 1991
——om < Dbroportional to values of ~ §7
®

several attributes

Russia

Pie charts: one slice per
attribute, angle proportional
to value; pie size (area)
proportional to sum of all

Bar charts: one bar
per attribute, height
proportional to value




Current Exploratory Tools

High interactivity

Due to direct manipulation computer
screens will play no less revolutionary
role for data exploration than the
invention of Cartesian coordinates Enabling multiple

W.Cleveland 1993 complementary views

allow the user ... to “see” data from
multiple perspectives

A.MacEachren and M.-J. Kraak 1997

Interactive Maps

* Interactive maps
— Manipulation of unclassified choropleth maps
— Manipulation of chart maps
— Dynamic classification and cross-classification




Types of Map Interactivity

v - ~

Santiago do Cacem ID=1509
[Wtotal employed in agriculture 1881 2040
Wtotal employed in industry 1991 4140
[Witotal ermployed in services 1991 5541

Access data through
a map: no need for
value decoding

Change representation

more conveniences for
analysis

parameters for gaining | |
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Unclassified Choropleth Maps:
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Unclassified Choropleth Maps:

Removing Outliers (2)
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Unclassified Choropleth Maps:
Pattern Investigation (2)

By moving the slider, we see more patterns and gain more understanding of value distribution
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Unclassified Choropleth Maps:
Object Comparison

The diverging colour scale allows us
to compare an object with all others:
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Unclassified Choropleth Maps:
Pattern Comparison (1)

How similarly are these attributes distributed in space?

Provinees r 4 b i
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Let us synchronously manipulate the colour scales of the two maps...

Unclassified Choropleth Maps:
Pattern Comparison (2)

% pop. o primary school education 1991 % BS o more years

Colour scale manipulation facilitates
revealing differences in spatial distributions




Focusing and Visual Comparison
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However, the
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Piechart Map

“Pie” size is proportional to the
total (sum of the attribute values)

that together give some
meaningful whole
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Piechart Map: Focusing
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Piechart Map: More Facilities (1)
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Piechart Map: More Facilities (2)
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Barchart Map

Applicable to several
comparable attributes; Bar height is proportional to the
one bar per attribute value of the corresponding attribute

|4 Representation method.
Parallel bars
Census data
W Pop. density 1981
B Fop density 1991
—= G636

j——’}

Convenient for local comparisons,
e.g. values in different years

Barchart Map: Focusing
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Barchart Map: Outlier Removal

The same technique is suitable for removing outliers:
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Barchart Map: Comparison to a
Number (2)

Comparison of % female in 1981 and 1991 to 50%:

" —
- Auis,

Here % female was
much higher than 50
in 1981 and even
increased in 1991

Here % female was over
50 in 1981 but decreased
in 1991 to below 50.

Here % female was

slightly below 50 in ;
1981 but increased in i~ Here % female was
1991 to over 50. lower than 50 in 1981. It

increased in 1991 but
still was below 50.
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(by values of a single numeric attribute)

Hizlalalal & {~ patavansomation_attribute’s whole value range
Mg Provnces | £ h 3% pop. with higy/Aghoal education 1991
Total: 5 abjects
& [ || Administrative Y -
diision 129 [2933824636.40 1383
[ Representation method: Automatic classification interval breaks: can be
Classified choropleth map
census oata < Skl ey interactively moved;

% pop. with high school ¥ Classification statistics

education 1991

2343355 objects (20.0%)
253 95 00jects 200%)

55 objects (20.0%)
1

~ Cumuistie suve the map is dynamically
 Ranged distribution updatcd

55 nbjects (20.0%)
55 nbjects (20.0%;
25 i )

Goal: detect interesting and
meaningful spatial patterns.
Approach: be able to easily

Total: 275 objects

OFE  scemedmae

Total: 1 abject

Tenitory: Portugal

S T change classes and quickly
. Broadeast classification
i wewsne| Observe the results on the map.

Manipulate
4

h v
CommonG|S 1998-2003: Portugal census 1981 and 1981

15



Cross-classification (1)

Classification by values of 2 numeric attributes
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Cross-classification (2)
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Classification by Dominance (1)

What occupation

prevails in each district? |

[ Representation method: Dominance
clagsification
Census data
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Classification by Dominance (3)
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Classification by Dominance (4)
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Comparing these maps reveals
dramatic changes in the employment
structure from 1981 to 1991
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Summary

This lecture was supposed to

* introduce the ideas of exploratory data
analysis

 explain what an interactive map is

» demonstrate various methods of cartographic
visualisation and user-map interaction

* show how to use these tools for data
investigation
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