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Exploratory Spatial Data 
Analysis

Part II
Dynamically Linked Views
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Linked Displays We Already Used
Map and dot plot; each district shown 
on the map is also represented by a dot

Map

Dot 
plot

A district pointed on the map with 
the mouse is simultaneously 

highlighted on the map and the plot

Map and scatter plot: the same technique
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Why to Use Multiple Displays?

Scatter plot: shows how 
two attributes are related

Distribution of attribute 
values within a range

Dot plot
Dispersion 

graph

Frequency 
histogram

Parallel coordinates: object 
characteristics profiles; relationships 

between attributes (look at line slopes)
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is simultaneously 
highlighted here,

Display Linking by Highlighting

An object 
pointed on 

the map with 
the mouse and here,

and here,

but not here: this is an 
aggregated view that does 

not show individual objects
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Display Linking by Selection
Selection (durable highlighting) does not disappear after the mouse is moved away. 
One or more objects may be selected by clicking on them or drawing a frame around.

We have clicked 
on each of these 

3 objects

These black lines 
correspond to the 
selected objects

These black dots 
correspond to the 
selected objects
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Using Display Linking (1)
Let us examine 

characteristics of 
districts in this area

Enclose the 
area in a frame

This box 
must be 

“checked”

The characteristics in terms 
of the upper 4 attributes are 

rather coherent

The values of this 
attribute are split in two 

groups with a gap between

The values of 
this attribute 
greatly vary

Two distinct clusters 
in the value space of 
these two attributes 

The districts fit in the left 
half of the histogram, 
mostly in bars 1 and 4
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Using Display Linking (2)
Let us look at the districts 
with high % employed in 

industry:

Select high 
values by 
drawing a frame

The districts 
form 3 spatial 

clusters 

The districts have average or high 
proportions of children and young 

Low proportions of agricultural 
workers and people without 
primary school education 

Population change: mostly 
between –0.1% and 12.4%
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Using Display Linking (3)
Let us look at the districts with the highest population growth: Click on the rightmost 

bars in the histogram

The districts 
form some 

spatial 
clusters 

The districts have average or high 
proportions of children and young
and low proportions of old people 

The proportions of agricultural workers and 
people without primary school education 

are mostly low, but there is an outlier
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Dynamic Query
Dynamic query allows us to set constraints on attribute values

Limits the maximum value The maximum limit can 
be also explicitly given

Limits the minimum value

The minimum limit can 
be also explicitly given

Statistics of constraint 
satisfaction
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Dynamic Query in Action (1)
Query condition: % 0-14 years 
must be below 20

Query result: the 
objects that do not 
satisfy the condition 
has been removed 
from all displays
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Dynamic Query in Action (2)
A second query condition 
added: % 25-64 years must 
be between 45 and 65

Query result changed: 
the objects that do not 
satisfy both conditions
has been removed 
from all displays

177 objects (64%) satisfy the 1st condition
228 objects (83%) satisfy the 2nd condition
163 objects (59%) satisfy both conditions
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Dynamic Query in Action (3)
One more query condition 
added: % pop. change from 
1981 to 1991 must be positive
…
98 objects (36%) satisfy the 3rd condition
44 objects (16%) satisfy all 3 conditions

Now the objects that do 
not satisfy all 3 conditions
has been removed from all 
displays

14

Propagation of Object Classes

Whenever we 
have any object 

classes on a map, 
we can propagate 
them to all other 

displays

“Check” this box!
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Propagation of Object Classes: 
Use Example

lower 
class

middle 
class

upper 
class

Lower class prevails 
among districts with 
low % unemployed, 
average or high % 
0-14 years and % 
15-24 years, and 

low % 25-64 years

Upper class prevails 
where % 25-64 

years is high and % 
65 or more years is 

low. It occupies 
mostly the middle 
part of the axis % 

15-24 years.

Characteristics of the middle 
class are highly variant

Upper class co-occurs 
with low % employed 

in agriculture and 
average to high % 

employed in services

In districts with high % employed in 
agriculture the proportion of people with 

high school education is low (mostly 
below 3.5%). For % employed in services 

we see the opposite relationship

Lower class co-
occurs with low % 

employed in services
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Table View and Table Lens (1)

“Check” this box

Click for sorting

Table cell shading 
shows the relative 

position of the 
values between the 

minimum and 
maximum values of 

the respective 
attributes
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Table View and Table Lens (2)
The same information can be 

represented in a “condensed” form. 
We do not see the details about 

particular objects but get an overall 
impression about value variation and 

relationships between attributes.

“Check” this box

High proportions of people having high 
school education often co-occur with 

high population density 

Surprisingly, the districts with the 
lowest proportions of people having 
high school education in 1991 had 

much higher proportion of such people 
in 1981

18

Class Propagation to Table View (1)

The table rows are 
grouped by the 

classes and sorted 
within each group.

These linked views show us, for 
example, that the general educational 

level tends to be higher in districts with 
high proportion of people employed in 

services
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Class Propagation to Table View (2)

It may also be 
useful to switch the 

grouping off

We see that the red rows occur mostly 
at the top of the table and blue ones at 

the bottom. Remember that the rows are 
sorted according to % people with high 

school education in 1991.
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Dynamic Classification: 
Additional Analytical Facilities

Cumulative Frequency Curve
How it is built:

x (attribute value)

y

X-axis: attribute’s value range
Y-axis: object number or % of the whole set
y is the number of objects (districts) with 
values less than or equal to x

interval breaks

N of objects (districts) in 
the corresponding classes
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Cumulative Curve: an Extension
Cumulative Population Curve
How it is built:

x (attribute value)

p

X-axis: attribute’s value range
Y-axis: object number or % of the whole set
P-axis: population number or % of the 
whole country’s population
p is the aggregate population of districts 
with values less than or equal to x

y

63.3%93 (33.8%)over 5.13

18.9%91 (33.1%)over 3.53 up to 5.13

17.8%91 (33.1%)up to 3.53

Aggregate 
population (% 
of country’s 
total)

N of 
districts 

% pop. with high 
school education 
(classes)

What we can learn about the distribution 
of the population over the classes:

…and any other quantitative (summable) 
attribute can be analogously considered

YP
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Using Cumulative Curves (1)
Let us move the breaks so that the 
classes have approx. equal population

move to right 
until this class 
has ≈33% 
population

Look here!

move this break 
in the same way

Look here!

And here is the result:
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Using Cumulative Curves (2)
Some statistics about  the result:

In these areas over 7.82% people have 
high school education. Here lives 33.1% 

of the total country’s population.

In the most part of 
Portugal (coloured in 
blue) the proportion of 
people having high 
school education is below 
4.67. However, on this 
large territory only one 
third of the country’s 
population lives.
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Some More Discoveries with 
Cumulative Curves

Cumulative curves can 
also tell us about the 
relationship between 

employment in services 
and educational level. 

In 26.2% districts of Portugal 
50% or more working people 
are employed in services. In 
these districts, almost a half 

(49.2%) of the total country’s 
population lives and 67.4% of 
all people having high school 

education. 

Note that we use the absolute number of people with 
high school education rather than the proportion.
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Summary

This lection was supposed to
• explain the value of non-cartographical data 

displays
• stress the importance of exploring various 

aspects of data using multiple views
• demonstrate various techniques of display 

linking
• show how to use this in data analysis
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