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Maps: not only for orientation!

* People live 1n geographical space. Most of
people’s decisions and actions depend on
— where the things are;
— how are their locations related.

* Maps allow people to perceive the space beyond
the directly observable extent.

* A map serves as a model of reality and helps to
detect patterns existing in the reality



Example: Dr. John Snow’s discovery
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Interactive maps

Interactive maps can change in response to user’s
actions

Many interactive maps are available on the Web,
e.g. street maps, tourist maps, election maps, ...

Interaction techniques are used to

— compensate for the display deficiencies, e.g. limited
size (zoom and pan, showing additional information
related to mouse position, ...)

— 1ncrease the display expressiveness
— enable more sophisticated analyses



Typical interactive operations

Select information layers, €.g. on a tourist map:
accommodation, museums, restaurants, nightlife

Select time moments or intervals 1n displays of
time-related information, e.g. election year

Change the spatial scale, e.g. states or counties

Change the theme, e.g. president elections or
governor elections, absolute values or differences
in comparison to the previous time

Choose the visualization method, e.g. area
painting or proportional symbols



Examples of analytical
Interactions



Removing Outliers (1)

& ol = unemployed in total pop. 1991
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Removing Outliers (2)
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After the removal of two outliers, the differences are better seen



Object Comparison
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Pattern Investigation (1)

R r
"I% B or more years ‘{,I% 65 or more years
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transform the slider
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Pattern Investigation (2)

By moving the slider, we see more patterns and gain more understanding of value distribution
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ecast
Increase

Clusters of One more
low values cluster of
around low values
Porto and

Lisboa

Coast-inland
contrast

Clusters of
high values in
central-east

11

.
#| % 65 or mare years

Compare to: |21.?5
s |35 21
. 4

- 9
Min: |B.59
I Dynarnic map update
[ compare by clickin

this map =



Focusing and Visual Comparison
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Piechart Map

Applicable to several attributes “P1e” size is proportional to the

that together give some total (sum of the attribute values)
meaningful whole = Resresentation method: Pies . —

Census data
" total emploved in agriculture 1991
" total emploved in industry 1991
total emploved in semvices 1891

The division into slices shows
proportion of each attribute in the
total

Here the population is very

small in comparison to the

large cities. Therefore, the

pies are too small to be
seen

However, the
map often
looks like this:
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Why to Use Multiple Views?

Dot plot
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¥ % B5 or moare years

M % 0-14 years

% 15-24 years

% B9 or more years

% employed in agricultu

% employed in agricultu

% pop. no primary schot

% pop. no primary schoi

% pop. with high schaoal

Parallel coordinates: object
characteristics profiles; relationships
between attributes (look at line slopes)
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Display Linking by Highlighting

@Portugal census 1981 and 1991
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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 e.g. by mouse-clicking on them.

M=l E3

. Portugal census 1981 and 1991
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Using Display Linking (1)

Let us examine

The characteristics in terms Two distinct clusters
characteristics of of the upper 4 attributes are in the value space of
districts in this area rather coherent these two attributes
Halalal sl Bl
- _ £ = K- % pop|na primary school education 1991
‘: % 0-14 years o i <] 6141 gg{;;)
17 86 | - 37 86
% 15-24 years b 'ﬂb:-‘ -?3 o=
o z %3 o
% 25-64 years A { a -
7338 | |o \ 7.3
0.23 61.41
% B5 or more years ¥ % employed in agriculture 1991

w Arithrmetic transformation

% ermployed in agr LERMEERSEEEEIS

Intervals: |10 AW mrman] values

-
B&.0

% employed in sen

% empldyed inindu

ensns 1981 and 1901 M ‘-Alinnmﬂrﬂ lindividu The VathS Of % "?-3;\? 3?-35"
The values of this this attribute”  The districts fit in the left
i attribute are split in two half of the histogram
Enclose the h 2 b sty vy : S
groups with a gap between mostly in bars 1 and 4

area in a frame 19



Using Display Linking (2)

Let us look at the districts
with high % employed in
industry:

The districts
form 3 spatial
clusters

The districts have average or hig

proportions of children and young

% emplayed in servic Select hlgh
values by
ww-,drawing a frame

drag to reorder

M % pop. no primary school education 1991

% 0-14 years * 0.23 G1.41 CHE
i - 0.647
37.86 L 37.86
o b, qd
Al a
% 15-24 vears o o QVod 2 o
o o | %
3 2, [¢
b | o

% 25-64 vears - e
7.3 T.33

0.3 51.41

¥ % employved in agriculture 1991

% BEOrMOIBYEArS [y mritnmetic transfarmation

% emplaoyed A agricu

G4 64.0
50
% erfployed in service
25
% employed in indust
i . - 0.00
- Low proportions of agricultural * b

workers and people without
primary school education

Population change: mostly
between —0.1% and 12.4%



Using Display Linking (3)

Click on the rightmost

Let us look at the districts with the highest population growth: ) ,
bars in the histogram

= h min rma 4 M % pop. no primary school education 19591
% 0-14 years 1 023 51 .41 3(6}{4\?
3786 L 3786
The diStI'iCtS % 15-24 years ) g:" Y] f?’d__q 3
form som SEp o Bee 18 L)
. _%v? 0
Spatlal % 25-64 years Vi A =¥ o
g | | /] -7 7.33
clusters T— .- B 41
P - % emploved jn agriculture 1991
» W i % B5 or more years
W _- - T Yalue freiquency histogram [ % pop. chage fraom
" 1981 to 981 ]
ﬁmployed in agricu | values
G4 G4.0
% emploved in senice
% emplayed in indust |
i ¥ A drag to rearder n e
Ensus 1981 and 1391 Alignmmeny/ [Individual Min and Max =l -31.30 EIkEh
/
The districts have average or high The proportions of agricultural workers and
proportions of children and young people without primary school education /
and low proportions of old people are mostly low, but there is an outlier

21



Dynamic Query
Dynamic query allows us to set constraints on attribute values

The maximum limit can
be also explicitly given

Limits the maximum value

R EIEEE

Dynamic Query for Census data ﬂ
11.13 % U-14 years . 275 / 4 64.4% 177 from 275 ~
1113 oﬂ;@; ! T B —
4025 % 25-B4years 55.95 100.0% : 275 from 275
|40.25 . S G W | 5600 I
-1 .3 % pop. change fram 1981 ln 1991 111 25 F% 98 fram 275 >-
|n.nn | |31.12 [ |
16.7% 46 from 2745
| _I/
|_ Filteyr out missing values Clear all filters | |7 Display statistics |_ Cynamic update
Add Limits the minimum value [
\ Qlery results -= Qualitative attribute |
The minimum limit can Statistics of constraint
be also explicitly given satisfaction
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Dynamic Query in Action (1)

B m|=|m| s |

Dynamic Query far Census data

1113 36 0-14 years ITE 4 G4.4% 177 fram 275
! I
[11.13 > [20.00 ;
LUECHN E b 55.99 100.0% : 275 from 275
[40.25 |56.00 I
-31.3 26 pop. change from 1981 to 1991 111 100.0% © 375 frarn 275
|—31.3D ! |31 12 |
Gd.4% 177 fram 275
I
I_ Filter out missing values Clear all fiters | |7 Di:' . h

Add attributes |

IRemD\te att

Zidery results -= Qualitative att

Query result: the
objects that do not
satisfy the condition
has been removed
from all displays

1 and 1891

Alignment;

x Query condition: % 0-14 years

must be below 20

M
% female among

% fernale among

W % poap. with high school education 19591

GO
2012 8547 Dhis
o
13.83 bo T 13.82
oY
[=] G
— = i
1,204 1.29
2012 25.87

¥ % emploved in services 1931

% unemployed in

% pop. with high ¢

% pop. with high <

drag to rearder

Individual Min and hax

[

¥ Arithmetic transfarmation

Intervals:

h .4
56 56.0

Ll
36.78 24.41
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Dynamic Query in Action (2)

B e =

Dynamic Query for Census data

A second query condition

I

| 1113 %0-14years | | 75 : B4.4% 177 from 275 added: 0% 25-64 years must
1113 " [z0.00 I 00
»
40.25 %25'54 'S'IEE"S "» 55.99 [ 82.9% - 228 from 275 be between 45 and 65
|45.UU M ISS.UU _:\|
| SRR R e R %I 3111 | 100.0%: 275 from 275 177 objects (64%) satisfy the 1% condition
-31.30 L3112 | . . . .
T — 228 objects (83%) satisfy the 2™ condition
mmmm— -] 63 objects (59%) satisfy both conditions
|_ Filter aut missing wvalues Clear all filters | |7 Displ R | min N : % fernale among:pY:% pgg':\;nh pian sehoo! euuc:t:;; ggém;
Add attributes | IRemove attrib | 13.83 LolL 0.18;;3
Query results -= Qualitative attrib <) 5 G;’?dz
% fernale among — =
1,28 1.29
2012 85.57

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

1 and 19491

H % employved in serices 1991

w Arithrmetic transformation

% unemployed in

Commaon

% pop. with high ¢

% pop. with high ¢

4 drag to rearder
Alignment  Individual Min and Max =]

|
a4.51

3673
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Dynamic Query in Action (3)

B8 |8 B

Cwnamic Query for Census data

x|

One more query condition

1113 260-143*88"5 275 4 B4.4% 177 from 275
! [ e
[113 > [20.00 y
1K
4035 qf’ TRl Ay G §2.09% 228 from 275
[45.00 e —— T =
el I] CJI(:- pop. change frn{n 1981 to 1991 11 35 B% © 98 from 275 ..
[b.oo N ETRF e — Y o
% 16.0% : 44 from 275
[

F |
I_ Filter out missing values Clear all filters | |7 Display s
Add attributes | IRemove attributes % ; 4

Query results -= Qualitative attribute |

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

Tand 1991

M
% female among

% fernale among

added: % pop. change from
1981 to 1991 must be positive

8 objects (36%) satisfy the 3 condition
. <——44 objects (16%) satisfy all 3 conditions

7 % pop. with high school education 1991
A
2012 85.57 Gt
13.83 o 13.83
o
-] -
[] s
bl
Q LK
s o PO~
|
1.249 [ [ 1.249
2012 85.57

% employved in services 1991

% unemployed in

% pop. with high ¢

% pop. with high =

drag to rearder

Alignrent |Individual Min and Masx

[

w Arithmetic transformation

Intervals: |10 A | ¥ | Comman

56 460

0.00

H
36.78 2441
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Propagation of Object Classes

Automatic classification |

Object classes

(e.g. defined on a map)

can be propagated to
other displays

[¥ Broadeast classification

Add to table

ir-nanipulate

% female amoy

% female amo

% unemployec

% 0-14 years

% 15-24 years

% 25-64 years

% 65 ormores

drac to rearder

Intervals: |1D Llll comman|  values |

% employed in agriculture 1931 ﬂ

420

Y. % pop. change fram 1981 to 19591

CO:
f.70 3520 “H1
3111
wr
Sl L
wr--

L= o ':
-31.30 r [ -31.30

.70 3520

% 69 or more years
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Propagation of Object Classes:

% pop. with high school education

1891

middle

lower

|3.5|:| 5.00 ‘ 13_53_\

upper

class class

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 1s high and %
65 or more years is
low. It occupies
mostly the middle
part of the axis %
15-24 years.

% female amo

% unemployec

1 % 0-14 years

] % 15-24 years

I | %2564 years

% 65 or more

drag to reorder

Characteristics of the middle

class are highly variant

4
M % female amoy

Use Example

Intersals: ITLlLl commmon|  walues [ |

% emploved in agriculture 1931

Upper class co-occurs
with low % employed
in agriculture and
average to high %
employed in services

3.

-3t

% emploved in services 1991 X
s2[ 52.0
-l / Lower class co-
| = /ﬁ occurs with low %

"30.1 7 S 3557 employed 1n services
e = |
Y. % pop. change from 1981 to 1991

Ha.m 35.20&?&-?‘21

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
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Table View and Table Lens (1)

Click for sorting

Table cell shading
shows the relative
position of the
values between the
minimum and
maximum values of
the respective
attributes

Sart by

—
e
fag!
T

1418.71

1324 .96

9811732

1074.42

975.854

1112.91

HE6.594

1181.66

952.544

1249,

2] 1016.19

1038.39

H“REARAEN"RENRR

I _

~ o ~
) 5
-I-IIIII—IIIII ]

- —=
iy

Fop. density 1931

j IDeacending jFTahl EHS |_ condensed Aﬁrihute...l
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Table View and Table Lens (2)

education

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.

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

EE
B EE:

righ sehool The same information can be
Sart by I% pop. with high school eduJ IDescendmg JI_ TableLens [¥ condensed Aﬂnbute
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Class Propagation to Table View (1)

- . . % pop. with
:,m % employed in services 1991 high school

education
1991
A

2042 3500 50.00] 85.57 E E

: P Autormatic classification |

w Statistical quality

L]
L]
S w Classification statistics

’ w Cumulative curve

The table rows are
grouped by the
classes and sorted
within each group.

|7 Broadcast classification

Add to table |
4 Manipulate

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 30

-

F
I¥ i by classes! ) Sortby: |% pop. with higt =] IDescending ~|¥ TanieLens [ condensed Aﬂribute...l




Class Propagation to Table View (2)

e s :,m % employved in services 1991
] ‘ /.f l'

d — —

wraccy TP

J A

L3F " ;

2012 |35.nn 50.00] 8557

N’!

: P Autormatic classification |
-

w Statistical quality

w Classification statistics

w Cumulative curve

It may also be
useful to switch the
e grouping off

|7 Broadcast classification

Add to table |
4 Manipulate

0 AL

ihMﬁ ‘II‘I il | ||ILI“|||[I|I|II|I I

il i il‘ ‘n ““mll “
00 A
WL 0 il

We see that the red rows occur mostly
at the top of the table and blue ones at
the bottom. Note that the rows are
sorted according to % people with high (s

school education in 1991. 31
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Dynamic Classification:
Additional Analyt1cal Facilities

Cumulative Frequency Curve

How it is built:

100%

331% 331%

3.8% % pop. with high school education -
x (attribute value)

X-axis: attribute’s value range

v 1s the number of objects (districts) with
values less than or equal to x

N of objects (d1strlcts) in
the corresponding classes

u % pop. with high school education 1881

'y
1.29 3.5’:3 513
i

| [Adiomatic classiﬂcatiunél

1 1
w Statistical guality

1 1
w* Classifigation ptatistics
|

33.1% 33 %338%%ppwthhgh sch
antitative attribute
nbt\l =

¥ Ranged distro 1nterval breaks
[ Broadeast classmcato

Rermaon

32



Cumulative Curve: an Extension

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

How it is built:
100% % pop. with high N of Aggregate
school education districts population (%
(classes) of country’s
total)
up to 3.53 91 (33.1%) 17.8%

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

33.1% 33.1% 33.8% % pop. with high school education - over 5.13 93 (33.8%) 63.3%

— 1T7TE% 13.9% B3 3% TDth pop. 1991
x (attribute value)

331% 33.1% 33.8% % pop. with high school education 1€

X-axis: attribute’s value range B
Add quantitative aEibute |

Y-axis: object number or % of the whole set [Romove vt
P-axis: population number or % of the
whole country’s population

p 1s the aggregate population of districts
with values less than or equal to x

[

...and any other quantitative (summable)
attribute can be analogously considered
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Using Cumulative Curves (1)

Let us move the breaks so that the
classes have approx. equal population

% paop. with high school education 1991

And here 1s the result:

% pop. with high school education 1991

wﬁ

1.29 |[3.53437
| move to right
Autnm

 Statistical guality untll thlS ClaSS
w Clagsification stati: haS z33%

Curnulative curve population
100%

vl

331% 36, D% 30.9% % pop. with high schoo
17.8% 21. El otal pop. 1991

Look here!

128 2837 1 ove this break **
in the same way

w Statistical oy
w Classification statistics
Cumulative curve

100%

T

A0.0% 51.3% 8.7 % % pop. with high school
@, f.4% 33.1% Total pop. 1931

Look here!

‘.'u % pop. with high school education 1991

'y
129 [4.57 782 13.83

Automatic classification |

w Statistical quality

w Classification statistics
Cumulative cure

100%

B0.4% 30.9% 8.7 % % pop. with high schoal
T 335% 33.4% 33.1% Total pop. 1991

Add quantitative atribute |

Femove attribute

Kl

w* Ranged distribution

|_ Broadcast classification

Add to table |
Manipulate
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Using Cumulative Curves (2)

. ‘.,I i % pop. with high schoal education 1891

ﬂ Some statistics about the result:
'y
1.29 |4.5? 782 13.83 Classification statistics
Automatic classification | % pop. with high school education 1991
w Zlassification statistics 4 85 DbjEEtS I:EDQ%:I %
1'29 166 objects (60.4%:)

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.

Cumulative curve

100%

P

[ Broadeast classification

Add to tabe | B0.4% 30.9% 8.7% % pop. with high school

Buvenieet 33.5% 33.4% 33.1% Total pop. 1991

In these areas over 7.82% people have AU UG LD S

g quaritatie atrinuts |
c c 5 I emove attribute "I
high school education. Here lives 33.1% i — 2

of the total country’s population. 35




Some More Discoveries with
Cumulative Curves

% employved in services 1991

.
2012 |35.EIEI 50.00 85.57

Automatic classification |

w Statistical quality

Curmulative cume

100%

— M0% 2
121% 2

w Classification statistics

291% 44.7% 26.2% % employed in services 1991 (1

B.8% 459.2% Total pop. 1991
0.58% 6Y.4% M. pop. with high school educat
[

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

introduce the concept of analytical interactive
maps

stress the importance of exploring various aspects
of data using multiple views

demonstrate some types of non-cartographic
displays useful 1n analysis of geodata

demonstrate various techniques of display linking

show how to use this in data analysis
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See also

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

Exploratory Analysis

section 4.8, pp.428-449 el
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