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DAY #1
O Introduction (G. Penn)
0 Externalization (S. Carpendale)
O Exercise #1
Break
O Information Visualization Basics (S. Carpendale)

DAY #?2
0 Review of Linguistic Visualizations (G. Penn)
O Critique #1
Break
0 Excellence in information graphics (S. Carpendale)
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DAY #3

O Toolkits (G. Penn)
Break

O Critigue #2

O ManyEyes

DAY #4
O Interaction (S. Carpendale)
O Critique #llII
Break
O Excellence( S. Carpendale)



QOutline
I e

DAY #5
O Future directions (G. Penn)
Break
O Critique #IV
0 Lessons learned (G. Penn and S. Carpendale)



The Power of Visualization
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Example: Movements of the French

Army
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London Cholera Deaths
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John Snow (1855) On the Mode of Communication of Cholera.



Externalization




Externalization
S0 )

O External cognition is the interaction between
internal and external representations when
performing cognitive tasks.

0 Computational offloading is the extent to
which external representations can reduce
the amount of cognitive effort to solve a
problem.

Yvonne Rogers, New Theoretical Approaches for Human-Computer Interaction, 2004.



Complexity Brings
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Augmented Cognition
229

“The power of the unaided mind is highly
overrated. Without external aids,
memory thought, and reasoning are all
constrained. But human intelligence is
highly flexible and adaptive, superb at
inventing procedures and objects that
overcome its own limits. The real powers
come from devising external aids that
enhance cognitive abilities.”

Norman, 1993, p. 43



Information Visualization
S13 )

“Information visualization is the use of
computer-supported interactive visual
representations of abstract data to
amplify cognition.”

... a form of external cognitive
aid.

Card, 1999



Functions of Visualization
I e

0 Recording information
% Tables, blueprints, satellite images

O Processing information
% needs feedback and interaction

O Presenting information
% share, collaborate, revise
%% for oneself, for one’s peers and to teach

0 Seeing the unseen

Carpendale



Creating a Visualization

1. Ungerstand a system of related information and
tasks.

2. Create a mapping from the data (digital
representation) to a visual representation.

3. Present this visual representation on the computer
screen.

4. Provide methods of interacting with this visual
representation that can include methods for varying
the presentation and methods for varying the
representation.

5. Verify the usefulness of the representation, the way
It is presented and/or and its interaction methoggrendale



Exercise #1
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Visual Variables




References
N
O Slides in this section are based on:

Semiology of Graphics, Jacques Bertin, 1983
translation of Semiologie Graphique, 1967

O With some extensions



Representation

O A representation is

= a formal system or mapping by which the information can be
specified (D. Marr)

® asign system in that it stands for something other than its self.

O for example: the number thirty-four
decimal: 34,
binary: 100010,
roman: XXXIV

O different representations reveal different aspects of the

information
decimal: counting & information about powers of 10,
binary: counting & information about powers of 2,
roman: counting & adding and subtracting

O presentation
how the representation is placed or organized on the screen

34, 34, 34



Representations

0 Solving a problem simply means representing it
3% gls)to make the solution transparent ... (S5imon,

0 Good representations
% allow people to find relevant information

® information may be present but hard to find

“allow people to compute desired conclusions

® computations may be difficult or “for free” depending on
representations



Creating Visual

ﬂl%

O To communicate with words we first need to know
phonemes, the letters and how they combine to create
words

% note that phonemes and letters are “meaningless” in
themselves

O are there corresponding visual units?
i there is still considerable debate on this subject

O In the meantime, we will look at the practical approach
of Jacques Bertin on how we can create visual
representations that can be understood.



Disclaimer
25 )

O Bertin considers:
% printable, on white paper,
% visible at a glance
“ reading distance of book or atlas
' normal and constant lighting
“readily available graphic means

0 Good as a guideline, we need to consider
context and medium of visualization use.



Where do we start?

0 With marks!
% for us, pixels

0 Visual Variables: how can we vary marks?
% by where we place them
% by how we place them
% by their visual characteristics



The Plane

7
O Points
O Lines
O Areas



Points

0 “A point represents a location on the plane
that has no theoretical length or area. This
signification is independent of the size and
character of the mark which renders it

visible.”
O a location

0 marks that indicate points can vary in all
visual variables



Lines
29 )

0 “Aline signifies a phenomenon on the plane
which has measurable length but no area.
This signification is independent of the width
and characteristics of the mark which renders
it visible.”

0 a boundary, a route, a connection



Areas
30 F

0 “An area signifies something on the plane
that has measurable size. This signification
applies to the entire area covered by the
visible mark.”

O an area can change in position but not in
Ssize, shape or orientation without making the
area itself have a different meaning



Visual Variables
HE e

Size
Shape Value
/|
-
2D X
= ol
| - IIIIIII-
Orientation ™ Grain
Color

Jacques Bertin, 1967; translated 1983



Additional Variables for

Comguters
32 |

O motion
% direction, acceleration, speed, frequency, onset, ‘personality’

O saturation

% colour as Bertin uses it largely refers to hue, other readily available
colour channels (i.e. saturation)

O flicker
% frequency, rhythm, appearance

O depth? ‘quasi’ 3D

% depth, occlusion, aerial perspective, binocular disparity
O illumination
u transparency



Characteristics of Visual

ﬂ%

O

Selective:
Is @ change in this variable enough to allow us to select it
from a group?

Associative:
Is @ change in this variable enough to allow us to perceive
them as a group?

Quantitative:
Is there a numerical reading obtainable from changes in this
variable?

Order:
Are changes in this variable perceived as ordered?

Length:
Across how many changes in this variable are distinctions
possible?



Visual Variable: Position
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selective
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order

length




Visual Variable: Size
35 |

./ B selective
./ B associative
el

M O guantitative

I%u
AN

./ B order

./ B length Q Q

i theoretically infinite but practically limited
%% association and selection ~ 5 and distinction ~ 20




Size
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Visual Variable: Shape
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an aside (perception)




Pre-attentive processing
244
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Typical
Results

m Pre-attentive Processing

1000- ®
750-
. ®

Response time °

(milliseconds)
500 X X X
250

® non-pre-attentive C ¢ ¢ 12

X pre-attentive

Number of distracters




Shape




Visual Variable: Value
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" theoretically infinite but practically limited
% association and selection ~ < 7 and distinction ~ 10
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points lines areas



Value
45 |

O QOrdered, cannot be reordered

annual deaths per 1000 inhabitants, Paris



Visual Variable: Colour
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Colour




Colour
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Colour Scales
49 |

O Common to use a rainbow scale... caution!




Tints / Teintes
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General Bathymetric Chart of the Oceans,
International Hydrographic Organization
(Ottawa, Canada, sth edition, 1984). §.06.







Controls Legibility
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Colour Blindness
N s

u Vi SC h eC k. CO m (Robert Dougherty and Alex Wade)
% Web service to simulate colour blindness

0 Biggest problems with red/green
O Varying value and hue can help
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Colour Resources

O Maureen Stone’s Resources

& http://www.stonesc.com
% A Field Guide to Digital Color (A. K. Petegsai=i

0 Cindy Brewer's ColorBrewer s Ko }ﬁﬁvm "
ﬁg http://CO|OrbreWer'0rg MAUREEN C. STONE

O ColourLovers Community Palette Sharing
i http://www.colourlovers.com



Visual Variable: Orientation
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Visual Variable: Texture

./ O selective
./ O associative
Z-0 quantitative

—Z-0 order

./ 0 length

% theoretically infinite



Texture
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Visual Variable: Motion
I e

O selective
% motion is one of our most powerful attention grabbers

0 associative
% moving in unison groups objects effectively

Z-0 quantitative

% subjective perception

Z-0 order

? O length
%% distinguishable types of motion?






Visual Variables

Visual Variable || Selective | Associative | Quantitative | Order Length

Position Yes Yes Yes Yes Dependant on resolution
Size Yes Yes Approximate Yes Association: 5; Distinction: 20
Shape With Effort | With Effort Mo Mo Infinite

Value Yes Yes No Yes | Association: 7; Distinction: 10
Hue Yes Yes No No Association: 7; Distinction: 10
Orientation Yes Yes Mo Mo 4

Grain Yes Yes Mo Mo 5

Texture Yes Yes Mo Mo Infinite

Motion Yes Yes Mo Yes Unknown

Carpendale, 2003



For tonight
make a drawing of the data set we looked at
earlier

(" ("
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Perception




Visual Gestalt
S e

proximity similarity continuity

closure figure/ground symmetry



Pre-attentive processing
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Typical
Results

Pre-attentive Processing

1000- ®
750-
. ®

Response time °

(milliseconds)
500 X X X
250

® non-pre-attentive C ¢ ¢ 12

X pre-attentive

Number of distracters




Pre-attentive processing
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Pre-attentive processing
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Colour




Shape




