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Readings

Ware, Chapter 5: Visual Attention and Information That Pops Out
Ware, Chapter 6: Static and Moving Patterns

The Psychophysics of Sensory Function, S. S. Stevens,
Sensory Communication, MIT Press, 1961, pp 1-33.

Graphical Perception: Theory, Experimentation and the
Application to the Development of Graphical Models
William S. Cleveland, Robert McGill, ). Am. Stat. Assoc. 79:387, pp. 531-554, 1984.



External Representation

reduces load on working memory
- offload cognition

familiar example: multiplication/division



External Representation: multiplication

paper mental buffer



External Representation: multiplication

paper mental buffer

57
X 48 [ 7*8=56 ]



External Representation: multiplication

paper mental buffer
5
57
X 48 [ 7°8=56]



External Representation: multiplication

paper mental buffer
5
57
X 48 [5*8=40 + 5 = 45]



External Representation: multiplication

paper mental buffer
57
X 48 [5*8=40 + 5 = 45]

456



External Representation: multiplication

paper mental buffer
57
X 48 [7*4=28]

456



External Representation: multiplication

paper mental buffer
2
57
X 48 [7%4=28]
456
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External Representation: multiplication

paper mental buffer
2
57
X 48 [5*4=20 + 2 =22]
456
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External Representation: multiplication

paper mental buffer
57
X 48 [5%4=20 + 2 =22]
456
228
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External Representation: multiplication

paper

mental buffer
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External Representation: multiplication

paper

mental buffer

[8+5 = 13]

14



External Representation: multiplication

paper

mental buffer

[8+5 = 13]
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External Representation: multiplication

paper

mental buffer

[4+2+1=7]
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External Representation: multiplication

paper

mental buffer

[4+2+1=7]
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External Representation: multiplication

paper

mental buffer
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External Representation

reduces load on working memory
- offload cognition

familiar example: multiplication/division

synthetic example: information visualization
- interactive visual representation of abstract data
- help human perform some task more effectively
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External Representation: topic graphs
[Godel, Escher, Bach. Hofstadter 1979]

Paradoxes - Lewis Carroll
Turing - Halting problem

Halting problem - Infinity
Paradoxes - Infinity
Infinity - Lewis Carroll
Infinity - Unpredictably long
searches
Infinity - Recursion
Infinity - Zeno
Infinity - Paradoxes

Lewis Carroll - Zeno
Lewis Carroll - Wordplay

Halting problem - Decision
procedures
BlooP and FlooP - Al
Halting problem - Unpredictably

long searches
BlooP and FlooP - Unpredictably
long searches
BlooP and FlooP - Recursion
Tarski - Truth vs. provability
Tarski - Epimenides
Tarski - Undecidability
Paradoxes - Self-ref
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External representation example

offload cognition to visual systems
read off answer

@ Halting problem




Dimensional ranking

Judgi
More udging
Accurate Magnitudes
— Gap
Less — Large Gap
Accurate

Density
o

[graphics.stanford.edu/courses/cs448b-02-spring/lectures/encoding fwalkQ15.html] 22



Dimensional ranking varies by data type

spatial position best for all types

Quantitative Ordinal Nominal
Position Position Position
Length Density Hue
Angle Saturation Texture
Slope Hue Connection
Area Texture Containment
Volume Connection Density
Density Containment SENI ey
Saturation Length Shape
Hue Angle Length
Texture Slope Angle
Connection Area Slope
Containment Volume Area
Shape Shape Volume

[Mackinlay, Automating the Design of Graphical Presentations of Relational Information, ACM TOG 5:2, 1986]
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Cleveland's study

':_03'“:‘-;1" position along common scale
en .. )
Angg,e positions along nonaligned scales
Slope length, direction, angle
Area area
Volume volume, curvature
Density ) :
Saturation shading, color saturation
Hue
Texture
Connection
Containment

Shape



Human Perception

sensors/transducers
- psychophysics: determine characteristics

relative judgements: strong

absolute judgements: weak
- continuing theme

different optimizations than most machines
- eyes are not cameras

- perceptual dimensions not nD array
- (brains are not hard disks)
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Psychophysical Measurement

JND: just noticeable difference
increment where human detects change

average to create "subjective"” scale
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Nonlinear perception of magnitudes

sensory modalities not equally discriminable
- Stevens power law

Shock Heaviness Taste

S=V

[Stevens, On the Theory of Scales of Measurement, Science 103:2684, 1946]
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