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Data transformations

may help us to see what is originally not evident

allow us to look at data from different perspectives and to investigate various aspects 

can reduce the amount of data we need to deal with

can give us additional useful data

may allow us to apply a richer set of analytical techniques
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Transformation of attribute scales 
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Population age structure in Portugal
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Population age structure in Portugal
An individual shading scale for each age group

The values in each district are 
shaded according to their 
relative positions within the value 
ranges of the attributes

It may be 
appropriate to find 
a common basis for 
the comparison



6Natalia & Gennady Andrienko

Population age structure in Portugal
Comparison to country’s mean values (absolute difference)

It is now easier to see both the similarities and differences in the spatial distributions. However, the 
absolute differences to the mean depend on the value ranges and may differ much between attributes.
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Population age structure in Portugal
Z-scores (normalised differences from the country’s mean values)

σ
μ−

=
xz

μ: the mean value
σ: the standard deviation
x: the original attribute

value  Now we can compare not only the spatial distributions but also the deviations
from the mean values. 
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Here we use the transformation 
into z-scores (standard normal 
transformation) to explore the 
changes in the employment 
structure that occurred between 
the 1981 and 1991 censuses.
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Bringing several attributes together by clustering 

Goal of clustering: group objects by similarity of their characteristics 
expressed through multiple attributes.

We apply a clustering algorithm for grouping the districts according 
to the proportions of 4 age groups and proportions of working people 
employed in 3 areas of activities.
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Divide Portugal into regions according to age and 
employment structure

Tool: clustering 
(“simple k-means” method from Weka data mining toolkit)
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Interpretation of the clusters

aged; 
no industry

services;
adults

industry;
many children 
and young

agriculture;
quite many children;
not many adults

mostly medium values; slight 
prevalence of industry and 
adults; high diversity
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Transformation of data formats 
for the exploration of raster data 
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Raster data

Typically, represent continuous phenomena. Values are measured at 
sample locations, usually in nodes of a regular rectangular grid.
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Raster Data Properties

One raster contains values of a single attribute.

The values refer to regularly spaced locations or uniform rectangular cells rather than 
to any real spatial objects or to administrative units.

Values between raster nodes are derived by means of interpolation.
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Raster Data Visualisation (1)

color encoding
Each raster value is 
encoded by colour. 

Various rules of colour 
encoding (colour 

scales) may be used.
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Raster Data Visualisation (2)

This is an example of 
applying different colour 
scales to the same data.
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Manipulating Raster Visualisation 1

Interactive focusing: only 
a selected value interval is 

shown.
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Manipulating Raster Visualisation 2

Interactive variation of the 
midpoint of the diverging 

colour scale.
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Derivation of additional attributes from raster data

Grid from 
vector

Attribute from grid

Visualise 
the 

attribute
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Some Problems with Rasters…

How to visualise and 
analyse multiple 

rasters?

We can see only the 
topmost raster layer…

Transparency does not 
really help
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Interactive Raster-Table Bridge (1)

Step 1. Introduce some territory 
division.

It is convenient to have uniform areas, e.g. 
equal-size rectangles.
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Interactive Raster-Table Bridge (2)

Step 2. Derive attributes of the rectangular areas from the rasters
…like we did before for the counties of Idaho



24Natalia & Gennady Andrienko

Interactive Raster-Table Bridge (3)

Step 3. Visualise and analyse the resulting attributes as usual
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Interactive Raster-Table Bridge (4)

The sizes of the rectangles (raster-table bridge resolution) can be interactively 
changed. The attributes are automatically re-computed and the displays updated.
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Further Possibilities for Analysis of Raster-Derived Attributes
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Yet More Analysis: Data Mining

Results of cluster 
analysis applied to the 

raster-derived data.
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Cluster Analysis

Goal of clustering: group 
objects by similarity of their 

characteristics expressed 
through multiple attributes.

We have applied one of 
clustering algorithms for 
grouping the rectangles 

according to the proportions 
of various types of forests.
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Visualisation and Interpretation of Cluster Analysis Results
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Summary

Data transformations play an important role in visual analysis

We considered several examples; more to come in the next lectures

Absolute attribute values → relative (difference, ratio); normalisation

- standard normal transformation (z-score): comparison of spatial distributions of 
different attributes

Clustering based on attribute values: characterise objects or areas in terms of 
multiple attributes; divide territory into regions

Computation of new attributes from vector and raster data: additional data useful for 
analysis

Integration of data from several raster layers into a multi-attribute table: allows us to 
use additional analytical facilities (visualisation by diagrams, various kinds of attribute 
transformations, statistical graphics, clustering)  
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See also

Natalia and Gennady Andrienko
Exploratory Analysis of Spatial and Temporal Data
A Systematic Approach
Springer-Verlag, December 2005

section 4.5, pp.259-335 
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