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Module 2
Basic Techniques

2.1 Data Properties
2.2 Human Properties
2.3 Graphical Encoding
2.4 Graphical Methods
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Capability //
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Optimized for the problem

Optimized for the human
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Motivation

Activities Skills

HUMAN

Abtitudes Attitudes
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Structure

Quality

Format

DATA

Texture

Quantity



Data

Visualization

F=

Properties of the data

Encoding

The rules for mapping
data to graphics

Human

Properties of the graphic

Decoding

The rules for perception
and cognition

Properties of the human



Data Properties
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Data Types

ltems

Individual and discrete entity,
such as arow in a simple
table.

o4

Attributes

@® 6758
® 103.27
® 389.19

Specific property that can be
measured, observed, or
logged.

Links

Relationship between items,
typically within a network.

Positions

47.3769° N, 8.5417° E
o

Spatial data providing a
location in two- or three-
dimensional space.
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Data Set Types

Tables Networks Geometry
Position
Attributes (columns) > ltem ——»
Iltems - ‘
(rows)
— P : .
I ®

Cell containing value

55 Tamara Munzner (2014), Visualization Analysis & Design
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Data Attribute Types

Nominal

HO
* A

Data with categories of

things that have no
implicit ordering like
song genres or animal
families.
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Ordinal

ABCD

Data with an implicit
order and discrete steps
like shirt sizes or sport
medals.

Quantitative

—
—
——
——

Data with a measure of
magnitude like height,
weight, temperature or
price.

Relational

Data with groups of
interconnected items
like a social network or
gene interaction.

Spational

Data with specification
about the shape of items
like a geographical map
or a body of mass.
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Data Relationships

Nominal Comparison

Number of website visitors to
various websites.

Deviation

A

Movie tickets sold on a rainy
day vs. a sunny day.

57

Time Series

Changes in the national

uneployment rate over time.

Distributions

Heights of players on a
basketball team.

Correlation

National salaries according to
education level.

Part-of-Whole

Percentage of browsers
accessing a website.

Ranking

Highest earning football
players ranked by salary.



Data Order Types
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Human PrOpertles

How are graphics
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How many times do you see the digit 5?

9873497905647902894728624002406037070570279072
8032080290073025012702370085740820787202720070
2478026027057937757097073779706674620970947027
9279797097230972309759275092727979873497260802

60 Stephen Few (2004), Tapping the Power of Visual Perception
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Preattentive Processing: What is it?

- Preattentive Processing is like a small super power.
The ability of the low-level human visual system to
rapidly identify certain basic visual properties.

» Preattentive Detection precedes focused attention.
Requires only 200 to 250 ms on large multi-element displays

61
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Preattentive Features

Scale Position Direction Shape
H-HBE L HoHENE L
HEEEBE . HEEEBE .
HEEEBE L HEEEBE L
HEEEBE L HEEEBE L

Texture Color (HSB) Opacity Sharpness
H7, 1R HEEEBE H HBE
HEEEBE HEENEBR HEEEBE
HEEEBE HEEEBE HEEEBE
HEEEBE HEEEBE HEEEBE
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http:/www.infovis-wiki.net/index.php?title=Visual_Variables



http://www.infovis-wiki.net/index.php?title=Visual_Variables
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Anzahl atypisch und normal Beschiftigter 1991 bis 2015

40 Mio.

T

20
0
1991

® Normalarbeitnehmer/-innen @ Atypisch Beschaftigte insgesamt

Quelle: Statistisches Bundesamt, Ergebnisse des Mikrozensus
2015.

CC BY 4.0 Bundesregierung

Wellbeing in Germany by Interactive Things

2015



https://www.gut-leben-in-deutschland.de

64

Entwicklung der Erwerbstitigenquote der 20-64-Jahrigen nach Geschlecht

90%

= 82,0% Manner
V— - 77!8% Insgesamt

= 73,5% Frauen

50

Achse gekurzt

1991 1999 2007 2015

Quelle: Statistisches Bundesamt, Ergebnisse des Mikrozensus
2015.

Aktualisierte Daten

CC BY 4.0 Bundesregierung

Wellbeing in Germany by Interactive Things



https://www.gut-leben-in-deutschland.de
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Entwicklung des Anteils an Fettleibigen nach Altersgruppen 1999 und 2013

Frau
30%

= 19%
= 19%
16% =
14% = / = 14%
13% =

____/- 11%
9%-//-8%
6% =

3% -

0
1999 2013

Mann
30%

= 24%

= 20%
17% = 1%

16% = = 16%

14% = //

o // = 1l%
7% =

;———_—-6%
3%_______—_.-—-—"—_f

0
1999 2013

© 18-24 Jahre @ 25-34 Jahre @& 35-44 Jahre @ 45-54 Jahre ® 55-64 Jahre @ 65 Jahre und dlter

Quelle: Statistisches Bundesamt, Mikrozensus, eigene
Berechnungen.
CC BY 4.0 Bundesregierung

Wellbeing in Germany by Interactive Things
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Regionale Verteilung der Arbeitslosigkeit in Deutschland auf Kreisebene

2005 und 2016

2005

Quelle: Laufende Raumbeobachtung des BBSR, Bundesagentur

fur Arbeit.

Geometrische Grundlage: © GeoBasis-DE / BKG 2016.

Wellbeing in Germany by Interactive Things

Arbeitslosenquote
©14%-4,7%

® 47%-8,1%

® 81% - 11,4%

® 11,4% - 14,8%

® 14,8% - 18,1%

® 18,1% - 21,5%

® 21,5% - 24,8%



https://www.gut-leben-in-deutschland.de
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Stickstoffdioxid (NO,) im EU-Vergleich 2013

Finnland

Estland

Luxemburg

Malta
Spanien
Portugal
Litauen
Zypern
Polen
Danemark
Bulgarien
Irland
Rumadnien

Kroatien

- —
- —
- —
_ —
_
- —

Wellbeing in Germany by Interactive Things
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Preattentive Tasks

Target Detection

Users rapidly and accurately
detect the presence or
absence of a "target" element
with a unique visual feature
within a field of distractor
elements.

68

Boundary Detection

Users rapidly and accurately
detect a texture boundary
between two groups of
elements, where all of the
elements in each group have
a common visual property.

Region Tracking

Users track one or more
elements with a unique visual
feature as they move in time
and space.

Counting & Estimation

Users count or estimate the
number of elements with a
unigue visual feature.
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Where are the highest values located?
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Preattentive Processing: What is it good for?

1. Certain tasks that depend on preattentive features can sometimes be

done for free by our brains.

2. The low-level visual system can be harnessed during visualization to
draw attention to areas of potential interest in a display.

3. The more of our visualization we can tell using preattentive features,
the faster and better our viewer will get it.

71
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Gestalt Principles: What is it?

« Our brain is optimized for higher-level constructs.
Our perception operates less on individual visual features
like points, lines, and areas.

» Gestalt is the interplay between the parts and the whole.
The whole is “other” than the sum of its parts.

—Kurt Koffka

» (Gestalt Principles are heuristics.
Qur brain uses them to make sense of the world around us.

72
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Gestalt Principles

Simplicity

DB

Closure

73
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Proximity

Connection

"
e

Similarity

Continuity

O

favourite
[1:O

unfavourite

LA+

Enclosure

Familiarity
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Gestalt Principles: What is it good for?

1. Our brains has the incredible ability to take lots of perceptual

shortcuts when confronted with a stimuli.

2. We need to consider these potentially taken shortcuts as they can
either help or harm our visualizations.

74
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User Empathy

Audience Questionnaire

Who is the target audience and what Ls their relationship to my data?

n whitch context will the audience recelve the information | present?

what information does the awdience need to be successful?

How much detail does the audience need to see or has time for?

what Learned or cultural assumptions might the audience have?

wWhat key message or insights should the audience take away?

75



Graphicai'SEnCOding

How can we turn data into graphics?
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Billable

Unbillable
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Loss
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Profit
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Project—1 Project—2 Project—3 Project—4 Project—5
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FUN
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FUN
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FAME




FUN
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FAME




Example

1,3,4;A,B,C

wmy
///A///

7/ # /

Visual Variable

Position, Placement

Text Labels

Length

Size, Area

Angle

Pattern Density

Weight, Boldness

Saturation, Brightness

Color Hue

Shape, Icon

Pattern Texture

Enclosure, Connection

Line Pattern

Line Ending

Ordered

v

Alphabetical or Numerical

v

Useful Values

Infinite

Infinite

Many

Many

Medium

Few

Few

Few

Few

Medium

Medium

Infinite

Few

Few

Quantitative

v

Ordinal

v

Categorical

v

Relational

v
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Accuracy of Quantitative Perceptual Tasks

Position Direction Area Shading
O
. / / \ . p I I
More accurate < > Less accurate
Length Angle Volume Saturation

1 L« ﬁi@ 1

87 Alberto Cairo (2013), The Functional Art
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Best Practices for Encoding

1. Importance
Encode the most
Important property of
the data in the most
effective way.

88

2. Consistency
Encode the property
of the data accurately
with the property of
the representation.

3. Redundancy

Avoid using more than
one encoding to
communicate the
same information.

4. Independence
Avoid using visually
similar encodings for
iIndependent variables.
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Exercise
Encoding Two (yes, two) Values

Tools: Pen & Paper

Duration: 10 Minutes
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Encoding Two Values

- Find different ways to visualize 75 and 37.

» The visualization will depend directly on the

unit, meaning, and context of the values.
* You have 10 minutes to come up with 5 ideas.
- Let’s go!

90
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y=cos(75x)cos(37x)



http://ixt.gs/19mK3aT

GraphicazlAMethOds

How to pick the right chart, graph, or diagram.
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Taxonomy

Chart

A chart represents tabular
numeric data with marks like
bar charts, line charts, pie
charts or histograms.

93

Diagram

A diagram is a symbolic
representation of data like a
venn diagram, flow diagram,
or organigram.

Graph

A graph is a visual
representation of a

mathematical function in 2d
or 3d.

Plot

A plot represents the

relationship between two or
more variables like a scatter
plot, box plot, or carpet plot.



Chart Suggestions—A Thought-Starter

Variable Width Table or Table with Bar Chart Column Chart Circular Area Chart Line Chart Column Chart Line Chart
Column Chart Embedded Charts R —
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Two Variables Many | | | | | | | | |
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| | |
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One Variable per Item
| Over Time
Among Items
| Column Histogram
Few
. Single [— Data—
Comparison Variable | Points
Scatter Chart Two
Variables
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Points A
Bubble Chart
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SCMICked lgO% : IS'“fkgﬂ SIX(ked(IlOO% Stacked Area Chart Pie Chart Waterfall Chart Stacked 100% Column Chart
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www. ExtremePresentation.com

© 2009 A. Abela — a.v.abela@gmail.com

Chart Suggestions by Andrew Abela from ExtremePresentation.com
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Don’t hesitate to get in touch.

Benjamin Wiederkehr
benjamin@interactivethings.com
+4176 533 33 72
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