6.859: Interactive Data Visualization
Graphical Perception

Arvind Satyanarayan

The 1995 forecast for 1999
did not predict a surplus ...

ngle year’s forecast.

1994 1998

2006

/

2010

o and from DENMARK & NORWAY from 100 101780,

o 8o
. {
F—————hyo

| N .: oo — 1160

... but the 2008 | - AN

forecast for 2012 did. ) , s ——~~—éx4
| f BALANCE o |,

__FAVOUR of |,
 ENGLAND. |

+110

1770

ed 17ito Years, the R{qizt‘ hand line nte L1QOOO eact.

Neele werdpt 302, Strand, Lovidon .

«- MORE DEMOCRATIC | MORE REPUBLICAN —»
+20% +10% +10% +20%

Obama

DT IR 0 L EEW S

Romney

0 BT E

McCain

0 BE

Obama

| RN BES
\

Kerry \l\Bhpsh

o e W o e

[SES or MORTALITY

4 b
APRIL 1854 roMARCH 1855.




Channels: Expressiveness Types and Effectiveness Ranks
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Discriminability: how easy
is it to tell two things apart?
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Which is brighter?

reb(128,128,128) reb(144,144,144)






Which is brighter?

reb(134,134,134) reb(128,128,128)



Ernst Weber

e — ,
,]ust Notlceable leference (]nd | (1795 71678)
e S— German physician
and a founder of
Scale Factor experimental
(Determined Empirically) AI Change of Intensity psychology.

AS = k—

Perceived Change I Physical Intensity

Ratios more important than magnitude.

Most continuous variation in stimuli are perceived in discrete steps.
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https://mappa.mundi.net/maps/maps_014/index.html#telegeography
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NN [Simon Scarr, South China Morning Post. 2012]
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http://www.visualcomplexity.com/vc/project.cfm?id=905
http://www.visualcomplexity.com/vc/project.cfm?id=905
http://www.visualcomplexity.com/vc/project.cfm?id=905
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Signal Detection

Accuracy: how correctly can
we read off values?

Magnitude Estimation
Pre-Attentive Processing
Selective Attention
Change Blindness
Gestalt Grouping



How much larger is the area of the big circle?




How much longer is the big bar?




How much larger is the area of the big circle?




How much longer is the big bar?
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| Stevens Power Law
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S.S.Stevens (1906 —1972)

American psychologist, founded
Harvard's Psychoacoustics Lab.
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» Stevens Power Law

.

Sensation Exponent
Loudness 0.6
Brightness 0.33
Smell 0.55 (Coffee) —0.6 (Heptane)
Taste 0.6 (Saccharin)—1.3 (Salt)
Temperature 1.0 (Cold) —1.6 (Warm)
Vibration 0.6 (250 Hz) —0.95 (60 HZ)
Duration 1.1
Pressure 1.1
Heaviness 1.45
Electric Shock 3.5

Perceived Sensation

Physical Intensity
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» Stevens Power Law

.

Circles drawn by

Circles drawn by apparent
absolute scaling scaling

\

(Flannery)

!

$S=0.98A0.87
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JGraphlcaI Perceptlon Studles | [Cleveland&McGill1984
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Figure 4. Graphs from position—length experiment.

What proportion is the smaller marked section of the larger?
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[Cleveland & McCill 1984]
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Figure 16. Log absolute error means and 95% confidence intervals for judgment types in position—-length experiment (top) and position-
angle experiment (bottom).
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Signal Detection

Magnitude Estimation

Pre-Attentive Processing v Out: howeasyisittospot
some values from the rest?

Selective Attention

Change Blindness

Gestalt Grouping



How many 3's?

1281768756138976546984506985604982826762
93093584532245093564539450984509809435385

9091030209905959595772564675050678904567
8845789809821677654876364908560912949686



How many 3's?

1281768756138976546984506985604932826762
9309358458224509856453945098450980943535

9091030209905959595772564675050678904567
3845789809821677654876364908560912949636

[Based on a slide from John Stasko]
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7 How immediately does our visual system

W PrE‘Attentlve PrOCESSIHg perceive differences in a scene?

Pre-Attentive: immediately recognize variation
with little or no conscious effort (<200—250 ms).

Attentive: Takes some deliberate effort to
perceive differences.
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S — urj Pre-Attentive: immediately recognize variation

,Pre—Attentlve PI‘OCESSII’]g with little or no conscious effort (<200—250 ms).

Attentive: Takes some deliberate effort to
perceive differences.

Visual Pop-Out: Color

28


https://www.csc2.ncsu.edu/faculty/healey/PP/index.html
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,,,,, e —~~~j Pre-Attentive: immediately recognize variation

,Pre—Attentlve PI‘OCESSII’]g with little or no conscious effort (<200—250 ms).
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. Attentive: Takes some deliberate effort to
Visual Pop-Out: Color perceive differences.

Visual Pop-Out: Shape
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https://www.csc2.ncsu.edu/faculty/healey/PP/index.html
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,,,,, e —~~~j Pre-Attentive: immediately recognize variation

,Pre—Attentlve PI‘OCESSlng with little or no conscious effort (<200—250 ms).
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) Attentive: Takes some deliberate effort to
Visual Pop-Out: Color perceive differences.

Visual Pop-Out: Shape

Feature Conjunctions

30


https://www.csc2.ncsu.edu/faculty/healey/PP/index.html
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Treisman & Gormican 88 Healey & Enns 98; Healey &
Enns g9

number, estimation
Sagi & Julész 85b; Healey et al.
93; Trick & Pylyshyn 94

colour (hue)

Nagy & Sanchez 9o; Nagy et al.
90; D'Zmura 91; Kawai et al. 95;
Bauer et al. 96; Healey 96; Bauer

et al. 98; Healey & Enns 99

Conjunctions are not pre-attentive except
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Gormican 88; Wolfe & Franzel
88

man 86

Motion & shape

3D disparity & color = e e -
3D disparity & shape _ il

1 11 1 0 0|

flicker direction of motion velocity of motion lighting direction
Gebb et a. 55; Mowbray & Geb- Nakayama & Silverman 86; Dri-  Tynan & Sekuler 82; Nakayama Enns 9oa

hard 55; Brown 65; Julész 71;
Huber & Healey 2005

ver & McLeod 92; Huber &
Healey 2005

& Silverman 86; Driver &

McLeod 92; Hohnsbein & Mate-

eff 98; Huber & Healey 2005



https://www.csc2.ncsu.edu/faculty/healey/PP/index.html
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Signal Detection

Magnitude Estimation

Pre-Attentive Processing v Out: howeasyisittospot
some values from the rest?

Selective Attention

Change Blindness

Gestalt Grouping



Signal Detection

Magnitude Estimation

Pre-Attentive Processing

- - Separability: how much interaction
SEIECthE AttentIOn occurs between attributes?

Change Blindness
Gestalt Grouping
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One-Dimensional: Lightness

White
White
Black

White

Black
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One-Dimensional: Shape

Square
Circle
Circle
Square

Circle

Circle

Circle

Square

Circle

Circle
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Redundant: Shape & Lightness

Circle

Square

Square

Square

Circle
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Orthogonal: Shape & Lightness
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Redundancy Gain

Improved performance when both
dimensions provide the same information.

Filtering Interference

Difficulty in ignoring one dimension while
attending to another.

O Interference
£
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R 1 O R 1 O
Lightness Shape

Dimension Classified 38



~ Types of Dlmensmns }l

— e e e —»‘_‘a_.—‘x——

Redundancy Gain Separable
Improved performance when both No interference or redundancy gain.
dimensions provide the same information.
Integral
Filtering Interference Filtering interference and redundancy gain.
Difficulty in ignoring one dimension while
attending to another. Conﬁgural

Only interference. No redundancy gain.

Interference Asym mEtric

One dimension is separable from the other,
but not vice versa.

Gain

Response Time

R 1 O R 1 O
Lightness Shape

Dimension Classified 37



; Types ofDlmensmns

Lhk——_m‘_ga-—a—z———, »4—2:—."——

‘l

Separable

No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

Asymmetric

One dimension is separable from the other,

but not vice versa.

Position & Hue (Color)?

40



f, Types ofDlmensms

Lh}——-mw, ——— e — - —

a T e 4‘
‘l

Separable

No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

Asymmetric

One dimension is separable from the other,

but not vice versa.

Position & Hue (Color)?

41
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f, Types ofDlmensmns

L”——-MVW ————— e —

Separable Size & Orientation?
No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

FIGURE 3.36. A map of temperature and precipitation using symbol size and orien-
tation to represent data values on the two variables.

Asymmetric

One dimension is separable from the other,
but not vice versa.
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f, Types ofDlmensmns

L”——-MVW ————— e —

Separable Size & Orientation?
No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

FIGURE 3.36. A map of temperature and precipitation using symbol size and orien-
tation to represent data values on the two variables.

Asymmetric

One dimension is separable from the other,
but not vice versa.
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' Types of Dimensions|

|

S —— \ Size & Value?

Separable
No interference or redundancy gain.

Integral
Filtering interference and redundancy gain.

Configural
Only interference. No redundancy gain.

AS m mEtric VALUE IN MILLIONS OF DOLLARS VALUE IN MILLIONS OF DOLLARS
Y | . o o ©0 0 O - o © @ @
One dimension is Separab|e from the other, 1-25  26-50 51-100 101-200 201-500 1-25  26-50 51-100 101-200 201-500

but not vice versa.
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' Types of Dimensions|

|

S—— \ Size & Value?

Separable
No interference or redundancy gain.

Integral
Filtering interference and redundancy gain.

Configural
Only interference. No redundancy gain.

AS m mEtric VALUE IN MILLIONS OF DOLLARS VALUE IN MILLIONS OF DOLLARS
Y | . o o ©0 0 O - o © @ @
One dlmenSIOn |S Separable frOm the Other, 1-25 26-50 51-100 101-200 201-500 1-25 26-50 51-100 101-200 201-500

but not vice versa.
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f, Types ofDlmensmns

L”——-MVW ————— e —

Separable Shape & Size?
No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

FIGURE 3.40. The bivariate temperature-precipitation map of Figure 3.36, this
time using point symbols that vary in shape and size to represent the two quantities.

Asymmetric

One dimension is separable from the other,
but not vice versa.
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f, Types ofDlmensmns

L”——-MVW ————— e —

Separable Shape & Size?
No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

FIGURE 3.40. The bivariate temperature-precipitation map of Figure 3.36, this
time using point symbols that vary in shape and size to represent the two quantities.

Asymmetric

One dimension is separable from the other,
but not vice versa.
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f, Types ofDlmensmns

L”——-MVW ————— e —

Separable

No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

Asymmetric

One dimension is separable from the other,

but not vice versa.

Width & Height?

Votes Cast for U.S.
Representatives in the
Western U.S. 1988

2500

500

v
-
S
A
Q
-
Q.
]
—
—
O
e
v
)
-
O
>

100

100 500 2500
votes for democrats

FIGURE 3.38. An example of the use of an ellipse as a map symbol in which the

horizontal and vertical axes represent different (but presumably related) variables.
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; Types ofDlmensmns

L”————-m—‘v—w ————— e —

Separable

No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

Asymmetric

One dimension is separable from the other,

but not vice versa.

Width & Height?

Votes Cast for U.S.
Representatives in the
Western U.S. 1988

500

Vv
=
S
4
e
-
Q.
@
—
—
O
e
v
W
-—
O
>

100

100 500 2500
votes for democrats

FIGURE 3.38. An example of the use of an ellipse as a map symbol in which the

horizontal and vertical axes represent different (but presumably related) variables.
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~ Types ofDlmensmns

|

L”————-m—‘v—w’ ——— e — i — —

Separable

No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

Asymmetric

One dimension is separable from the other,

but not vice versa.

Red & Green?

50



~ Types ofDlmensmns

|

L”————-m—‘v—w’ ——— e — i — —

Separable

No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

Asymmetric

One dimension is separable from the other,

but not vice versa.

Red & Green?

51
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, Types ofDlmensmns |

Lh)——-mrw, a——‘_»_.—‘x——,’

Separable

No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

Asymmetric

One dimension is separable from the other,

but not vice versa.

blue
yellow
red
green
orange

purple
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, Types ofDlmensmns |

Lh)——-mrw, a——‘_»_.—‘x——,’

Separable

No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

Asymmetric

One dimension is separable from the other,

but not vice versa.

blue
yellow
red
green
orange

purple
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, Types ofDlmensmns %;

L»——v—.mrw’ a——‘_»_.-‘x——,’

Separable

No interference or redundancy gain.

Integral

Filtering interference and redundancy gain.

Configural

Only interference. No redundancy gain.

Asymmetric

One dimension is separable from the other,

but not vice versa.

blue
yellow
red
green
orange

purple
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Signal Detection

Magnitude Estimation

Pre-Attentive Processing

- - Separability: how much interaction
SEIECthE AttentIOn occurs between attributes?

Change Blindness
Gestalt Grouping
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Signal Detection

Magnitude Estimation
Pre-Attentive Processing
Selective Attention
Change Blindness
Gestalt Grouping
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[Resnick 2017]
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Signal Detection

Magnitude Estimation
Pre-Attentive Processing
Selective Attention
Change Blindness
Gestalt Grouping



Signal Detection

Magnitude Estimation
Pre-Attentive Processing
Selective Attention
Change Blindness
Gestalt Grouping
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i Gestalt Pr|nC|p|eS 1‘ pragninz: we favor the simplest and most stable interpretations
L e

Figure / Ground
Proximity
Similarity
Symmetry
Connectedness
Continuity
Closure

Common Fate

69
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i Gestalt Pr|nC|p|eS 1‘ pragninz: we favor the simplest and most stable interpretations

.

Figure / Ground

Proximity

Similarity

Symmetry

Connectedness '
Continuity

Closure Ambiguous—vase or faces? Unambiguous (?)

Common Fate

/0


http://visual-memory.co.uk/daniel/Modules/FM21820/visper07.html

e — _ - = P

i Gestalt Pr|nC|p|eS {‘ pragninz: we favor the simplest and most stable interpretations

X

Ambiguous —vase or faces? Unambiguous (?)

Figure / Ground

Proximity
Similarity

Symmetry

Connectedness
Continuilty

COmmOn Fate m

Closure

Principle of surroundedness. Principle of relative size.

/1


http://visual-memory.co.uk/daniel/Modules/FM21820/visper07.html
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i Gestalt Pr|nC|p|eS {‘ pragninz: we favor the simplest and most stable interpretations
.

Figure / Ground
Proximity

Similarity

®
®
®
®
®
®
® [Ware 2000]
®

®

Symmetry

Connectedness
. N N N N NN NN

Continuilty YXXXXXXX
YL XX

. N N N N N N N N
Common Fate 00000000

Closure Principle of concentration.



http://visual-memory.co.uk/daniel/Modules/FM21820/visper07.html
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i Gestalt Pr|nC|p|eS {‘ pragninz: we favor the simplest and most stable interpretations
-

Figure / Ground
Proximity
Similarity
Symmetry
Connectedness

Continuity

Closure

Rows dominate due to similarity.

Common Fate
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i Gestalt Pr|nC|p|eS 1‘ pragninz: we favor the simplest and most stable interpretations
L %

Figure / Ground
Proximity
Similarity
Symmetry
Connectedness

Continuity

Closure [Ware 2004]
Common Fate Bilateral symmetry gives the strong sense of a figure.
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i Gestalt Pr|nC|p|eS 1 pragninz: we favor the simplest and most stable interpretations

Figure / Ground
Proximity
Similarity
Symmetry
Connectedness
Continuity
Closure

Common Fate



https://isle.hanover.edu/Ch05Object/Ch05SymmetryLaw_evt.html
https://isle.hanover.edu/Ch05Object/Ch05SymmetryLaw_evt.html
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i Gestalt Pr|nC|p|eS {‘ pragninz: we favor the simplest and most stable interpretations
-

Figure / Ground
Proximity
Similarity
Symmetry
Connectedness
Continuity

Closure

Common Fate Connectedness overrules proximity, size, color, shape, etc.
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| Gestalt Pr| nci ples {‘ pragninz: we favor the simplest and most stable interpretations

Figure / Ground
Proximity
Similarity

[Ware 2004]
Symmetry
Connectedness
Continuity
Closure

Common Fate

e
O
O
~
=
S

=

Connections are clearer with smooth contours.
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i Gestalt Pr|nC|p|eS {‘ pragninz: we favor the simplest and most stable interpretations

f

L__,mww, S -
Figure / Ground a b
Similarity
S ‘ [Ware 2004]
mimetLr
Y Y We see a circle behind a rectangle, not a broken circle.
Connectedness

Continuity
Closure
Common Fate

lllusory contours
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i Gestalt Pr|nC|p|eS 1‘ pragninz: we favor the simplest and most stable interpretations
L %

Figure / Ground
Proximity
Similarity
Symmetry
Connectedness
Continuity

Closure

Common Fate

Dots moving together are grouped.

79



