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Brain Pixel
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Immediate perception

Immediate understanding - no learning necessary

Behaviour can’t be forgotten
Optical illusions are seen even when knowing that they are illusions

Sensual immediacy

Certain phenomena are perceived very quickly because they are not
learned but ,hardwired” in the brain

Studied by brain research
Effective and stable
Mostly innate and cultural invariant

Phenomena of immediate perception (e.g., color and pattern perception)
can be generalized to mankind

But also learned differentiations of the brain: most perceptual processes are
based on a combination of innate and learned mechanisms
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Optical illusions
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Miiller-Lyer Illusion
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Conventional representations

Hard to learn
e.g., script

Easy to forget

But there are visual representations that can’t be
forgotten easily (e.g., numbers)

Embedded within cultural context

Powerful form of representation
e.g., mathematical symbols

Easy to change

Studied by e.qg., psychology, sociology, HCI
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Preattentive Processing
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Movement

(Direction of) motion
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Gestalt Laws
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Proximity
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Similarity
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Pragnanz
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Good Continuation
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Common Fate
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Inattentional Blindness
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Visualization: Using Vision to Think, Morgan Kaufmann Publishers, 1999.
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[Bertin, 1981] Bertin, J. Graphics and Graphic Information Processing. Walter De Gruyter, Inc.,,
Berlin, 1981.

Y [Ware, 2008] Ware, C. Visual Thinking for Design, Morgan Kaufmann, Burlington, MA, 2008.
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Kaufmann, San Francisco, 2004.

[Goldstein, 2005] Goldstein, Bruce. Cognitive Psychology, Thomson Wadsworth, 2005.

WOLFGANG AiGNER perception and visualization



Part B
visualization

WOLFGANG AiGNER

perception and visualization

V1S

35



Goal

data

WOLFGANG AiGNER

infoigsstEhnteistsE
W2k ol icierung

Q insight

(learning, knowledge extraction)

user

perception and visualization

36



Why visualization? ool
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Why visualization?
Increasing cognitive resources

such as by using a visual resource to expand human working memory

Reducing search
such as by representing a large amount of data in a small space

Enhancing the recognition of patterns
such as when information is organized in space by its time relationships

Supporting the easy perceptual inference of relationships
that are otherwise more difficult to induce

Perceptual monitoring of a large number of potential events

Providing a manipulable medium

that, unlike static diagrams, enables the exploration of a space of
parameter values

WOLFGANG AiGNER perception and visualization
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InfoVis Reference Model

Data Visual Form

Visual > Views

Structures

D
Raw Data q Taglt:s q

Data Visual View
Transformations Mappings Transformations

vis

User

Human Interaction

Raw Data: idiosyncratic formats

Data Transformations: Mapping raw data into an organization appropriate for visualization
Data Tables: relations (cases by variables) + metadata

Visual Mappings: Encoding abstract data into a visual representation

Visual Structures: spatial substrates + marks + graphical properties

View Transformations: Changing the view or perspective onto the visual presentation
Views: graphical parameters (position, scaling, clipping, ...)

Human Interaction: User influence at any level

WOLFGANG AiGNER perception and visualization
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Raw data
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Visual Mappin
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Expressiveness

A visualization is considered to be expressive if
the relevant information of a dataset (and only
this) is expressed by the visualization. The term
"relevant” implies that expressiveness of a
visualization can only be assessed regarding a
particular user working with the visual
representation to achieve certain goals.

LA visualization is said to be expressive if and only if
it encodes all the data relations intended and no
other data relations.” [Card, 2008, p. 523]
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Car

Accord
AMC Pacer
Audi 5000
BMW 320i
Champ
Chev Nova
Civic
Datsun 210
Datsun 810
Deville

Le Car
Linc Cont
Horizon
Mustang
Peugeot
Saab 900
Subaru
Volvo 260
VW Dasher

USA Japan Germany France Sweden Nation
Car nationality for 1979

apt

Fig. 11. Incorrect use of a bar chart for the Nation relation. The
lengths of the bars suggest an ordering on the vertical axis, as if the
USA cars were longer or better than the other cars, which is not true
for the Nation relation.

Car
Accord -+
AMC Pacer +
Audi 5000
BMW 320i
Champ
Chev Nova
Civic
Datsun 210
Datsun 810
Deville
Le Car
Linc Cont
Horizon
Mustang
Peugeot +
Saab 900 +
Subaru -+
Volvo 260 +
VW Dasher +

++
+++
++

+++ +

USA Japan Germany France Sweden Nation

Car nationality for 1979

apt

Fig. 12. Correct use of a plot chart for the Nation relation. Since bar
charts encode ordered domain sets, plot charts are conventionally used
to encode nominal domain sets. The ordering of the labels on the axes
is ignored.

[Mackinlay, 1986]
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Erhebung der Erwerbsobstanlagen 2007 1IlfO

Effectiveness

o Walniisse und
Pfirsiche [~ Edelkastanien

A visualization is effective if it
addresses the capabilities of the |
human visual system. Since ?
perception, and hence the mental ‘
image of a visual representation,
varies among users, effectiveness is
user-dependent. Nonetheless,
some general rules for effective

visualization have been established
in the visualization community.

Apfel

Beerenobst

Quelle: Statistik Austria

Erhebung der Erwerbsobstanlagen 2007

(Anteile in Prozent nach Arten)

these graphical languages [that are

expressive], in a given situation, is the
most effective at exploiting the -
capabilities of the output medium and ~ +
the human visual system.”

,Effectiveness criteria identify which of ~ *F——
I

.

]

]

O

O

[Mackinlay, 1986] :
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Relative judgements

Which of the two bars is longer?

WOLFGANG AiGNER perception and visualization




Steven’s Law

As the dimension of an attribute increases, the
degree at which we underestimate it increases
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Appropriateness [Schumann and Mr, 2000]

Appropriateness regards the tradeoff between efforts required for creating the visual
representation and the benefits yielded by it. If this tradeoff is balanced, the
visualization is considered to be appropriate.

Model of Van Wijk:

n users use visualization V to visualize a data set m times each where each session takes k
exploratory steps and time T

C ... Initial development costs

C, - Initial costs per user (e.g., selection, acquisition, learning, tailoring)

C, ... Initial costs per session (e.g., data conversion, specification)

C. ... Perception and exploration costs (e.g., spend time to view and understand, modify, and tune)
W(AK) ... Value of acquired knowledge AK = K(T) - K(0)

Total costs:
C=C, +n*C +n*m*C_+ n*m*k*C,_

Overall profit:
F = n*m*(W(AK) - C, - k*C_) - C, - n*C,

[Van Wijk, 20086]

WOLFGANG AiGNER perception and visualization

52



Graphical Excellence

Carte

f

-

Fouc wicux

L

et
wheas

o . o : e o
cqi.qlll alive. e Pedtes duccessives en Bowmes de L' Qemie cram{m'u- daus fa Carmpague de Russic 1812 1813,
Deenic pae . TMimazd, Duspedons: Ginieal 2eaLonts 1w Chawssios o edeaite— .,

Favis, e 20 Iovewidne 1869

b aombics 3 Bomonts presanls towes Aaptisemiis r.«.lu.lu,u-u o 5;-:1 colories i naivon- V'un- willimaitic ponL ha m-”c_,luumo, ilo domi— 3¢ l""' sonibd on Yeavet”
des gomes. Lo,

aws g ewersiges 3 NN Chicrs, deckigur; de Fezensac; de Chambray wte gowinal iwiduse Jacoli, phacmasion 3K Cemic epuis le 28 Odiee.

. . > . &p - sd
Lo Noviguefes !:...—-a e smleemins em .,{uuu_, fe wuic L e L B e A LA dtcane ’4 catle omoste Prrses-

‘Mb‘,u.'tl adronl Ja diimntion 6 S ammic )™ Suppesi g s conps 2a Leine Jicome eI Masichal Davens- o avdicm—rte dtachis sve Aiwrx
¢ ’

- TMAilne u-.n.-wr‘-u.rt\’u Cocha v WldsK., avaioue tomjoues wissechis avie Lavmie .

ETPoN

Polatek

|

o,

Nifetut

Wl

iyt

1‘}\10.‘('.0[.'

| B2 -
1 )} g 4 z_: Liws somons di Lrann (Gute b X o Fotmsas |
| § ) P o 2w ——
{ h._ S
| ) | ! 3 { Motitone
{ | | s ) ‘ \
1 ! 1 |
| | | | ‘ i
TABLEAU CRAPHIOUFE dela températuge en degres drv thermometre de Reawmir au dessous e zcro
| . ATy
4
Les (b‘y’vﬂ sl au palep - I 2 17
&e Nideses gl v
t =B
a
s :c'u;xT——M“ -z e P ¥ fftpime 2 = = g ok it
-3 e X

Ay por Roguion & Pas 3% Navin J*8*d Fare

WOLFGANG AiGNER

perception and visualization

Jog L Koy 8 v i

53



Tell the truth about the
data

I?Il\ E'.f’.l" rq‘n‘\;n{:r'g 15 I':lll('\ ]"L!

gallon 1n 1978, 1s 0.6 inches long

Ll 8
si-.»"'/&—:\‘%@; Fuel Economy Standards for Autos

8’/ , - ‘\{ Set by Congress and supplemented by the Transportation

T 24 Department. In miles per gallon

['his line, representing 27.5 miles per

gallon 1n 1985, 1s 5.3 inches long.

27.5—18 53—-.6
Data Effect = T ={.53; Graph Effect = — 783,

Lie Factor = 14.8
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Lie Factor

U.S. Beer Sales and Schlitz’s Share

: ]‘3_;: B
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Beer Sales Redesign B

150 -

Total US Beer Sales (Mio# Barrels)
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Avoid Chartjunk

Private Kredite
in Milliarden DM

echt, 2/98 (Jansen)

Quelle: Deutsche Bundeshank. fraujansen kommunikationsgraphik

Offentliche Schulden

in Milliarden DM

21 6 I] Schatzung

Alle Zahlen fiir die Bundesrepublik Deutschland
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Tufte Design Principles

1. Above all else show the data.
2. Maximize the data-ink ratio.
3. Erase non-data-ink.

4. Erase redundant data-ink.

5. Revise and edit.

WOLFGANG AiGNER perception and visualization
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Pmations—
Wi licierung

BIGGER, FASTER,
STRONGER, MORE

High sea-surface temperatures (55Ts) lead to the
tropical depressions that churn storms. As the world's
1975 ~ 1009 oceans have seen increased SSTs, the incidence of the
strongest storms has gone up,

1880 - 2004

CAT. 4-5 HURRICANES

! MORTH INDIAN
: SOUTHWEBTERN PACIFIC

ERST PACIFIC
FOUTH INDTAN ——
WEST PACIFIC
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1201 Category 4-5 Hurricanes

increased from 151 to 269 (+57%) over the past 15 years
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Northern Southwest North East South West
Indian Pacific Atlantic Pacific Indian Pacific
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Using Color
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Color Context

Rule #1: If you want different objects of the same color in a table or graph
to look the same, make sure that the background--the color that
surrounds them--is consistent.

Rule #2: If you want objects in a table or graph to be easily seen, use a
background color that contrasts sufficiently with the object.

WOLFGANG AiGNER perception and visualization
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Color Usage

Rule #3: Use color only when needed to serve a particular communication
goal.

Rule #4: Use different colors only when they correspond to differences of
meaning in the data.

To highlight particular data

To group items

To encode quantitative values

600,000 600,000

500,000 500,000
400,000 400,000
300,000 300,000
200,000 200,000
100,000 I . 100,000
0 0
China Russia Finland Slovakia Romania Saudi Egypt China Russia Finland Slovakia Romania Saudi Egypt
Arabia Arabia
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Co I or Usa g e

Rule #5: Use soft, natural colors to display most information and bright
and/or dark colors to highlight information that requires greater attention.
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Palette Types K

Categorical

EEEETHEE

Sequential

Diverging

Rule #6: When using color to encode a sequential range of quantitative values,
stick with a single hue (or a small set of closely related hues) and vary intensity

from pale colors for low values to increasingly darker and brighter colors for high
values.

WOLFGANG AiGNER perception and visualization
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De-emphasize non-data components

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.
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De-emphasize non-data components

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.
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1200 ¢ : — S N === =
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|
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De-emphasize non-data components

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.
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De-emphasize non-data components

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.
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De-emphasize non-data components

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.
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De-emphasize non-data components

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.

1800 -
1600 -
1400
1200 -
1000 -
800 -
600 -
400

200 4

WOLFGANG AiGNER perception and visualization 73



De-emphasize non-data components

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could

cause them to distract attention from the data.

WOLFGANG AiGNER perception and visualization
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De-emphasize non-data components EE: .

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.

1800 -
1600 A

1400 A

1200 -
1000 -
800 -
600 -
400 -
200 -
0 ’ ’ ’ g g : : . , , , , , , , .
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
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De-emphasize non-data components EE: .

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.

1800 ~

1600 4

1400 A

1200 +

1000 4

800 4

600 +

400 4

200 4
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De-emphasize non-data components EE ' .

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.

1800 -

1600 A

1400 A

1200 4

1000 A

800 4

600

400

200 A
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De-emphasize non-data components EE ' .

Rule #7: Non-data components of tables and graphs should be displayed just
visibly enough to perform their role, but no more so, for excessive salience could
cause them to distract attention from the data.
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Avoid Red-Green z

Rule #8: To guarantee that most people who are colorblind can
distinguish groups of data that are color coded, avoid using a combination
of red and green in the same display.
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Avoid visual effects

Number of Employees
0 50 100 150 200 250
[ . )
. . . H Sales
Rule #9: Avoid using visual effects
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InfoVis Reference Model

Data Visual Form

Visual > Views

Structures

D
Raw Data - Taglt:S —

Data Visual View
Transformations Mappings Transformations

vis

User

Human Interaction

Raw Data: idiosyncratic formats

Data Transformations: Mapping raw data into an organization appropriate for visualization
Data Tables: relations (cases by variables) + metadata

Visual Mappings: Encoding abstract data into a visual representation

Visual Structures: spatial substrates + marks + graphical properties

View Transformations: Changing the view or perspective onto the visual presentation
Views: graphical parameters (position, scaling, clipping, ...)

Human Interaction: User influence at any level
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info

Visualization Design Process E=

Design ATEEL(:

solutions solutions

WOLFGANG AiGNER perception and visualization

82



info

Visualization Design Process E=

Design ATEEL(:

solutions solutions

WOLFGANG AiGNER perception and visualization

83



Resources kit

[Card et al., 1999] Card, S. and Mackinlay, J. and Shneiderman, B., Readings in Information Visualization: Using
Vision to Think, Morgan Kaufmann Publishers, 1999.

*[Fekete et al., 2008] Fekete. J.. Wijk, J. J., Stasko. J. T.. and North, C. 2008. The Value of Information
Visualization. in Information Visualization: Human-Centered Issues and Perspectives, A. Kerren. J. T. Stasko, J
Fekete. and C. North. Eds. Lecture Notes In Computer Science, vol. 4950. Springer-Verlag. Berlin, Heidelberg,
1-18.

*[Few, 2009] Stephen Few, Now You See It: Simple Visualization Techniques for Quantitative Analysis,
Analytics Press, 2009.

*[Few, 2004] Stephen Few, Show Me the Numbers: Designing Tables and Graphs to Enlighten, Analytics Press,
2004.

[Few, 2008] Stephen Few, Practical Rules for Using Colors in Charts, Visual Business Intelligence Newsletter,
February 2008.

[North, 2007] Chris North, Information Visualization Lecture Notes, Virginia Tech,
http://people.cs.vt.edu/~north/

[Shneiderman, 1996] Ben Shneiderman, The Eyes Have It: A Task by Data Type Taxonomy for Information
Visualizations. In Proceedings of the IEEE Symposium on Visual Languages, pages 336-343, Washington. IEEE
Computer Society Press, 1996.

[Thomas and Cook, 2005] J.J. Thomas and K.A. Cook, eds., llluminating the Path: The Research and
Development Agenda for Visual Analytics, IEEE CS Press, 2005; http://nvac.pnl.gov/agenda.stm.

*[Tufte, 1983] Edward R. Tufte, The Visual Display of Quantitative Information. 2nd Edition, Graphics Press,
Cheshire, Connecticut, 1983.

[Tufte, 1990] Edward R. Tufte, Envisioning Information, Graphics Press, Cheshire, CT 1990.

WOLFGANG AiGNER perception and visualization 84



Acknowledgements

Thanks to Monika Lanzenberger, Margit Pohl and Markus Rester
whose slides form the basis of this presentation.

WOLFGANG AiGNER perception and visualization

85



