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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

% 158-24 vea

% 25-64 vea

% 65 aor mare years

% 0-14 vears

% 15-24 years

% 25-64 yvears
% 65 or more years
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The values in each district are
shaded according to their

POpU'ﬂtiOI’I age structure in Portugal relative positions within the value

. e . ranges of the attributes
An individual shading scale for each age group

_/\

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

% 0-14 years % 15-24 yvears % 25-64 years % B4 or more years
1113 282 40.25 .70
27.50 21.32 55.99 35.20
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Population age structure in Portugal
Comparison to country’s mean values (absolute difference)

% 15-24 yea % 25-64 weg % 65 0r more years Data transformation:

difference to mean
% 0-14 vears

% 15-24 yvears
% 25-64 years
% 65 aor mare wears

081 |
0.00
17.70

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)
% 158-24 vea

% 25-64 vea % 65 ar mare years

Drata transformation:
L-scaore

% 0-14 vears

% 15-24 yvears

% 25-64 years
% 65 aor mare wears

.
2800 |
0.000

3.300

u: the mean value
o: the standard deviation
x: the original attribute

Now we can compare not only the spatial distributions but also the deviations value
from the mean values.
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% 25-64 vea % B5 or mare years

Data transformation:
difference to mean

% 0-14 vears

% 15-24 years

% 25-64 years
% B5 or mare years

17.70

Data transformation:
L-score

% 0-14 yvears

% 15-24 years

% 25-64 years
% 65 aor more years
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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.

Data transfarmation: Z-score
% employed in agriculture 1981

% employed in industre 1931
% employed in serices 1981
% employed in agriculture 1991
% employed in industre 1991
% employed in serices 1991

N
-1.881 |
0.000

4.300
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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 Structu re < parallel coordinates plot 1 _|ol x|

min 21 Median Q2 max

4
p % 0-14 years
1

% 15-24 years

% 25-B4 years

% B4 0r more years

% employed in agriculture 1591

% employved in industry 1991

% emploved in services 1991

drag to rearder
w Arithrmetic transformation

Farallel coordinates control panel

Show: [ Lines ™ Aggregates: & Flows { Shapes | Highlighting: W react ™ produce

Quantiles: rtransparentmﬁ 1W 2V 3w 4¥ 5

Alignment | Min-Max, Medians and Guartiles =l

Classes {lines);  + | - ¥ class 1 ¥ class 2 W class 3 ¥ class 4 ™ class 5 W remainder
Claszes (flows), +| - class 21 HE Clz
class 1 ¥o ohjects (27.3%)

class 2: 40 objects {14.5%) Tool: clustering

class 3: 80 objects 28.1%y  ( Simple k-means” method from Weka data mining toolkit)

class 4 32 ohjects (11.6%)
class 948 ohjects (17.9%)
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Interpretation of the clusters

min an

Median Q2 Max

min Q1
industry;
many children
and young__——==

: ..__-._—__-_--"____,_ ___,:—""'__/"': —

Median Q2 may

Median

mostly medium values; slight
prevalence of industry and
adults; high diversity

min (ah| Median Q2 max min 211
i |
services, S

adults

S i e e

% 0-14 years

% 15-24 years

% 25-64 years

% 65 or more years

% employed in agriculture 19581

% ernployed in industry 1991

% employed in servces 1991
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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)

Drawing propeties
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color encoding

Each raster value 1s
encoded by colour.
Various rules of colour
encoding (colour
scales) may be used.
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Raster Data Visualisation (2)

Transparency: 0%
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Manipulating Raster Visualisation 1
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Manipulating Raster Visualisation 2
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Derivation of additional attributes from raster data

Ed aTa Roads
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Some Problems with Rasters...
EECDuntries I;

Total: 15 ohjects

How to visualise and |g,mg  conwos
analyse multiple =

0.00 24.00

rasters‘? Resolution: 2008 columns x 1275

Total: 1 ohject
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We can see only the |# =
y 000 ! 73.04
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Total: 1 ohject
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Y

0.00 4573
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E L I mixed |
-
Transparency: 40%
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| eedei—— Transparency does not
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Interactive Raster-Table Bridge (1)

EECDuntries Ii

Total: 15 ohjects
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Total: 1 object
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El l otherwooded
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Aspect ratio |1 .0
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Step 1. Introduce some territory

It 1s convenient to have uniform areas, e.g.

division.

equal-size rectangles.
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Interactive Raster-Table Bridge (2)
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T 8052849 1310 5872 3310941
T137222 744862 2751167 20 B1.
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2428 B.9704 745 25452002 58
2236 11.365 10. 27555962 527
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A 368445 4 554513 1682151 a9
G 14.101 12.33 2.6 2TBT2072 B0
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342 14.940 18, a5 B11693 5047
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3T 33226118] 1413 41035845 3.DB1DS1?|

Step 2. Derive attributes of the rectangular areas from the rasters

...like we did before for the counties of Idaho
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Interactive Raster-Table Bridge (3)

Elewation
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A Representation method:
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|_ Dynamic map update
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Setup diagrams |
lanipulate
A

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

?

= L A

E] Representation method: Qualitative colouring
Grid
Cluster 2
. class 1: 1934 ohjects (28.4%)
|:| class 22 1738 ohjects (25 6%)
. class 3: 3128 objects (46.0%)

Total: GE00 ohjects

H E Caountries.shp

Total: 15 objects

M, l nonforest =
Ed

9.00 100.00
Fesalution: 8032 calumns ¥ 5100 rows
Total: 1 object

H IJ other wooded

Results of cluster
analysis applied to the
raster-derived data.
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Cluster Analysis

o | = s
= KR =t

EAd Representation method: Gualitative colouring

el

Grid

Cluster 2

B ciass 11934 onjects (28.4%)
[] class 2: 1738 objects (25.6%)
B ciass 33128 objects (46.0%)

Goal of clustering: group
objects by similarity of their
characteristics expressed =

through multiple attributes. - |

| Resolution: 8032 columns ¥ 5100 rows | B

: A
We have applied one of ‘?; .

L

clustering algorithms for
grouping the rectangles i ﬂ

=)
[

T

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

broadleaved ﬁ coniferous ﬁ mixed

306 —II 306.0% 200 200.0% 185 165.0
W 1 I

0.08 59.34 .07 74.64 0.0o 24.98

L3P nonforest

938 W TR T 9.0

1 0.0 0.00
L] Ly
0.33 774 1253 99.26
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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

Exploratory Analysis
of Spatial and

Temporal Data
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