Visual Perception

—

CS 7450 - Information Visualization
September 7, 2016
John Stasko

Learning Objectives -

Describe the visual processing pipeline

Define pre-attentive processing
Identify visual features that are and are not pre-attentive

Describe Gestalt principles and their application to visualization
Explain how luminance and brightness relate

Learn about and use principles of color in visualization
Understand integral versus separable visual components

Explain which perception factors best encode different
communication goals

Define change blindness
Describe key limitations of visual channel

Ultimately, critique and apply perception principles to designs
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Semiotics .
The study of symbols and how they
convey meaning

Classic book:
J. Bertin, 1983, The Semiology of Graphics
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Related Disciplines -

Psychophysics
Applying methods of physics to measuring
human perceptual systems

How fast must light flicker until we perceive it as
constant?

What change in brightness can we perceive?
Cognitive psychology

Understanding how people think, here, how it
relates to perception
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Perceptual Processing n
e —
Seek to better understand visual
perception and visual information
processing

Multiple theories or models exist

Need to understand physiology and cognitive
psychology
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One (simple) Model -

Two stage process

Parallel extraction of low-level properties of
scene

Sequential goal-directed processing

Stage 1 Stage 2
Early, parallel Serial processing of
— detection of —— object identification (using
color, texture, memory) and spatial layout,
shape, spatial action
Ware 2000 attributes
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Stage 1 - Low-level, Parallel
e ———
Neurons in eye & brain responsible for different

kinds of information
Orientation, color, texture, movement, etc.

Arrays of neurons work in parallel

Occurs “automatically”

Rapid

Information is transitory, briefly held in iconic
store

Bottom-up data-driven model of processing
Often called “pre-attentive” processing
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Stage 2 - Sequential, Goal-Directed
e},ﬁ—

Splits into subsystems for object recognition and for

interacting with environment

Increasing evidence supports independence of systems

for symbolic object manipulation and for locomotion &

action

First subsystem then interfaces to verbal linguistic

portion of brain, second interfaces to motor systems
that control muscle movements
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Stage 2 Attributes )
Slow serial processing
Involves working and long-term memory

More emphasis on arbitrary aspects of
symbols

Top-down processing
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Preattentive Processing -

How does human visual system analyze
images?
Some things seem to be done preattentively,
without the need for focused attention

Generally less than 200-250 msecs (eye
movements take 200 msecs)

Seems to be done in parallel by low-level
vision system

Drawn from
C. Healey web article
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How Many 3’s?
I

1281768756138976546984506985604982826762
9809858458224509856458945098450980943585
9091030209905959595772564675050678904567
8845789809821677654876364908560912949686
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How Many 3’s?

— il
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What Kinds of Tasks? -

Target detection

Is something there?
Boundary detection

Can the elements be grouped?

Counting

How many elements of a certain type are
present?
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Example

— el
Determine if a red circle is present
(2 sides of the room)
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Can be done rapidly (preattentively) by people
Surrounding objects called “distractors”
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Example

— el
Determine if a red circle is present
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Can be done preattentively by people
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Example

i

Determine if a red circle is present
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Hue and Shape

e Cannot be done preattentively
e Must perform a sequential search
¢ Conjuction of features (shape and hue) causes it
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Example

Is there a boundary in the display?
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Fill and Shape n
e —l)
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e Left can be done preattentively since each group
contains one unique feature

* Right cannot (there is a boundary!) since the two
features are mixed (fill and shape)
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Example .
—
Is there a boundary in the display?
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Hue versus Shape

Left: Boundary detected preattentively based
on hue regardless of shape
Right: Cannot do mixed color shapes preattentively
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Example

Is there a boundary?
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Hue versus brightness

20000 O 900000
00000 000000
200000 000000
00000 0000060
o000 O0O 2000006
200000 0000060

Left: Varying brightness seems to interfere
Right: Boundary based on brightness can be
done preattentively
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Example Applet
A )

Nice on-line tutorial and example applet

http://www.csc.ncsu.edu/faculty/healey/PP/index.html

Chris Healey, NC State
Prior pictures taken from site
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Preattentive Features .
Certain visual forms lend themselves to
preattentive processing

Variety of forms seem to work
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3-D Figures
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3-D visual reality has an influence
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Emergent Features
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Potential PA Features .
=QE

length hue

width intensity

size flicker

curvature direction of motion
number binocular lustre
terminators stereoscopic depth
intersection 3-D depth cues
closure lighting direction
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Discussion .
What role does/should preattentive

processing play in information
visualization?
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Gestalt Laws _
Uy

Background
German psychologists, early 1900’s
Attempt to understand pattern perception
Founded Gestalt school of psychology

Provided clear descriptions of many basic
perceptual phenomena

— Gestalt Laws of Pattern Perception
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Gestalt Laws

— 1

Proximity

Things close together are perceptually grouped

together
Similarity

Similar elements get grouped together
Connectedness

Connecting different objects by lines unifies them
Continuity

More likely to construct visual entities out of smooth,
continuous visual elements
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Gestalt Laws

S
Symmetry

Symmetrical patterns are perceived more as a whole
Closure

A closed contour is seen as an object
Relative Size

Smaller components of a pattern as perceived as
objects

Figure & Ground
Figure is foreground, ground is behind
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Key Perceptual Properties -

Brightness
Color
Texture
Shape
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Luminance/Brightness

— el
Luminance
Measured amount of light coming from some
place
Brightness

Perceived amount of light coming from source

Fall 2016 CS 7450 36
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Brightness n
I —
Perceived brightness is hon-linear function
of amount of light emitted by source
Typically a power function
S =al"
S - sensation
I - intensity

Very different on screen versus paper
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Grayscale .
—
Probably not best way to encode data
because of contrast issues

Surface orientation and surroundings matter
a great deal

Luminance channel of visual system is so
fundamental to so much of perception

We can get by without color discrimination, but not
luminance

Fall 2016 CS 7450 38

19



Color .
—
Sensory response to electromagnetic

radiation in the spectrum between
wavelengths 0.4 - 0.7 micrometers

106 10t 0.5 1035 108

gamma ultraviolet visible microwave tv
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Color Models .
— "

HVS model
Hue - what people think of color
Value - light/dark, ranges black<-->white
Saturation - intensity, ranges hue<-->gray

white

Value

Hue
/ .
C Saturation

Fall 2016 CS 7450 40
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How Not to Use Color

February 6, 2008: Full Color Coverage . —_— e —— ——

"Earlier in the day | had wanted to
paint my bedroom McCain, but |
already have Romney drapes and
they clash.” - Jon Stewart

Full Color Coverage Poslat Feb D,

Jon shuffles through the colors assigned to the candidates and 2008

compares the gadgets of the cable news teams. 5 Comments

Tags: Supe day, News , R aul, ¥ ey , Bara 17 Thumbs Up
100% 0%

http://www.cc.com/video-clips/w066sz/the-daily-show-with-jon-stewart-full-color-coverage
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Color Categories |
%
Are there certain e —
canonical colors? L
Post & Greene ‘86 L
had people name
different colors on a
monitor \\
Pictured are ones \

with > 75%
commonality

|

From Ware ‘04

Fall 2016 CS 7450 42
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Maybe Not All the Same?
%—

http://www.boreme.com/posting.php?id=30670

Himba tribe
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Luminance
i
Important for fg-bg colors to differ in
brightness

Hello, here is some text. Can you read what it says?

Hello, here is some text. Can you read what it says?
Hello, here is some text. Can you read what it says?
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Color for Categories
Can different colors be used for
categorical variables?

Yes (with care)

Ware's suggestion: 12 colors

red, green, yellow, blue, black, white, pink, cyan,
gray, orange, brown, purple

From Ware ‘04
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Color for Sequences

Can you order these (low->hi)

Fall 2016 CS 7450 46
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Possible Color Sequences

Gray scale Full spectral scale Single sequence Single sequence Double-ended
part spectral scale single hue scale multiple hue scale
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Advice

Don't use the ralnbow color scale for quant|tat|ve data

KB v Soccer @7 Dis 3 oy K Facebook

5 1?»?.

Fall 2016 48
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ColorBrewer

— Help with selecting
T - 48 colors for maps
Wik i o8

i

e

cclortans

http://colorbrewer2.org/
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Color Purposes
M
Call attention to specific data
Increase appeal, memorability
Increase number of dimensions for
encoding data

Example, Ware and Beatty ‘88
X,y - variables 1 & 2
amount of r,g,b - variables 3, 4, & 5

Fall 2016 CS 7450 50
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Using Color .
Modesty! Less is more
Use blue in large regions, not thin lines

Use red and green in the center of the
field of view (edges of retina not sensitive
to these)

Use black, white, yellow in periphery

Use adjacent colors that vary in hue &
value
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Using Color .

ﬂ\,ﬁ—
For large regions, don't use highly saturated
colors (pastels a good choice)

Do not use adjacent colors that vary in amount
of blue

Don't use high saturation, spectrally extreme
colors together (causes after images)

Use color for grouping and search

Beware effects from adjacent color regions (my
old house - example)
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https://en.wikipedia.org/wiki/Checker shadow_illusion

Are regions A and B the same color?
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Tableau’s Colors

N~ )

Tabloau default User-dosigned original Algorithmically croatod
Ganned Frosn Gonned

i i i
%m' ;uo gm-
‘%ml ;\m ;qm
Fom Eoso Hom
boo I fon boo
”I!Ilkl!l I!I :Iallb :IHII
ENELE TN RN NN AN B i RN
* §
Provides “default” colors for legend items
Use NLP, Google n-grams & images Setlur & Stone
TVCG (InfoVis) ‘15
Fall 2016 CS 7450 54
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More Choices

https://vimeo.com/136205858

N~ )

Fruits A E G Vegetables A E G
Apple BEE coo ]
Banana . Celery .
Blueberry . . . Comn .

Cherry B sooolant 1 1 ]
Grape . . . Mushroom . .
Peach Olive . .
Tangerine | . = Tomato . . .
Drinks A E G Brands A E G
A&W Root Beer . . Apple . .
Coca-Cola | 1 ] ATST | ||

Dr. Pepper . . Home Depot . .
Pepsi B Kodak [ |

Sprite . . Starbucks . .
Sunkist . Target . .
Welch's Grape Yahoo! . .

Fig. 9. Results for Lin's algorithm (A), expert (E) and our algorithm (G).

Fall 2016

Color Challenge

Ice Cream Flavors ( tic)

19%39%

15%

Ice Cream Flavors (fixed palette)

3%

CS 7450

4%
17%
’ 4%

Mint Chocolste Chip
Cookies and Croam
I Cookie Dough
B Red Bean
Coconut
Mango
Strawberry
W crocolato
W Groon Tea

Vanilla

Algorithm, Tableau 20
Mint Chocolato Chip
Cookies and Cream

B Cookie Dough

B Rod Bean
Coconut

B Mango
Strawberry

W Chocolate

B Groon Toa

Vanilla

55

http://color.method.ac/

NS~

color acolor matching game  Elike (6% o Tweet (34

Adjust your brightness

color

click to get started

Fall 2016

CS 7450

Test your
color abilities

56
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Good Color Advice
M

B i G u
GO - o i sormcom EEAE 5
ok D N Toic 5 8700 8 6T mn £ 1w § Ghur vims £ 002 £ 000 0 ] s

B L e —r— v @ e opmer Fe Gl

Maureen Stone’s website
) StoneSoup Consulting Many references and Iinks
=== | She frequently offers

15340 1620 A NE 54821110 l
Woodinvile WA 98072 stonefPsonesc.com

T tutorials about color at
o T conferences

o e pecdessoe t Smon Fras University, School o loteracive Avss and Techuology (SFUSIAT).

the best s o contact me

v
Byt S 19 ey o e PARE o ok, A, s o http://www.stonesc.com
My book

A Field Guide to Digital Color was publsbed by AK. Peters in Asgustof 2003, Iended or  brosd muieace,  provides
2 overview ofthe tay "Seds” h
comptes raphics, s cooe design. (more).
Current projects

1 Bt s | presesied  papes o e Cobo hagig Condorence 1 b bt i Porand Novesber 1114 Tae &
, contrast Swhichis

percegeion of smeps ko m e it Jscs Cherg ane Pat Hasrabes o Probbilisic Model of
the Categorical Association Between Colors," whichis  mehod foe sl sod manpulting color namieg dts

" IEEE Ve  Visien s0d Visaalization

1 o on Library e B 1 of Proacere
Dl Schokrsbin. wd -
@ e | Petucnd M O o - |
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http://www.ifweassume.com/2012/12/colors-in-visualizations-rainbow-of.html
Color Resources

If We Assume =%F

Colors in Visualizations, a Rainbow of

References essass
e e, bt ——=m
- L[| n
Wi
:l:!kllld,'

Steve Tultz, A Fracn

Color s ome of the a0d socetirmes spocts of
data visualization. Many s jou tay Dot know why  gives color scherme ooks
sad (ar good), bt your epe can quickly pick it out. There are many schools of
thought about color famlies, color mestings, complimentary cokars, and which you
should use in figures/plots. The ratnbow color table, 3 deéault in mamy

programs languages, frequently produces horrible resuls. You can do

better Your research deserves better. If people have to squint and struggle to
decrypt your colors, then your resalt isa' being communicated.

‘Below s 8 list ks artiches/refevenices Ive found useful when thinking abost
colors zation, with B

section are t bold. The st was compiied with help from my friend Ry, and |
Bope ftwill e of wse o you!

INTERACTIVE COLOR DESIGN TOOLS

These are probably the best tools 1o play with nd get interested n color. Each has
it's own strengths. and many applications languages dont provide obvious wavs to
import other colot scheenes. You shoud st Jock bece for inspiration, especialy
when choosing color palettes for talks o posters

« Caloe R

i SUP
|/

(|

« Color Brewer s
ACADEMIC ARTICLES

Fall 2016 e ar oo e “acadeic” rented aticls, g s 1o col 14
semeral problems people encounter in using color in research figures. Graphic

58
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Texture

Appears to be combination of
orientation
scale
contrast

Complex attribute to analyze
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Shape, Symbol .
—
Can you develop a set of unique symbols

that can be placed on a display and be
rapidly perceived and differentiated?

Application for maps, military, etc.

Want to look at different preattentive
aspects

Fall 2016 CS 7450 60
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Glyph Construction n
]
Suppose that we use two different visual
properties to encode two different variables in a
discrete data set

color, size, shape, lightness
Will the two different properties interact so that
they are more/less difficult to untangle?

Integral - two properties are viewed holistically

Separable - Judge each dimension independently
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Integral-Separable .
—_—
Not one or other, but along an axis

Integral red-green  yellow-blue
red-green  black-white
shape height  shape width
shape  size
color  size
direction motion shape
color  shape
color  direction motion
X,y position size, shape, color

Separable

Ware ‘04

Fall 2016 CS 7450 62
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Encodings |
%
When you want to communicate one type
of variable, which visual property should
you use?
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More accurate Position
Length
1 Angle Sl
Accuracy ranking of LT | e s oking of s
. - perceptual tasks. Higher tasks are accom-
quantitative perceptual — plished more sccurately than lower tasks.
Cleveland and McGill empirically verified the
tasks Qe basic properties of this ranking.
Volume
v Color Density
Less accurate sy('x,., [ ¥©)
Quantitative Ordinal Nominal
POSItion s—— Position —— PoOSition
. Length Density Color Hue
Ra n k| ng of perce ptual Angle Color Saturation Texture
Sloj Color Hue C i
t a Sk S pe ‘onnection
Area Texture Containment
Volume Connection Density
Density Containment Color Saturation
Color Saturation Length Shape
Color Hue Angle Length
Slope Angle
Arca Slope
From Jock Mackinlay’s 1986 thesis Volume Alex
p Volume

Fall 2016

uT
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Change Blindness |
S ———————-

Is the viewer able to perceive changes
between two scenes?

If so, may be distracting

Can do things to minimize noticing changes
Fun examples

Static pictures (Ron Rensink, UBC)

http://www.psych.ubc.ca/~rensink/flicker/download/

Videos (Dan Simons, Illinois)

http://www.simonslab.com/videos.html
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Optical lllusions
”

Q- - x) 3] (1 st & homes e & L3 5 (F- B

3808 [ b e ik Qe e

(Visual lllusion - Optische Tauschungen)
nnnnnn

howea] by Michael Bach
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Stage 2
Missing here!
Object recognition and locomotion/action
Maybe in the future... : ™)
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Great Book

Information Visualization

Perception for Design
o iss
INFORMATION 21 edition
VISUALIZATION
Colin Ware

Morgan Kaufmann

COLIN WARE

Fall 2016 CS 7450 68
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Learning Objectives -
ﬂ\,ﬁ—
Describe the visual processing pipeline

Define pre-attentive processing
Identify visual features that are and are not pre-attentive

Describe Gestalt principles and their application to visualization
Explain how luminance and brightness relate

Learn about and use principles of color in visualization
Understand integral versus separable visual components

Explain which perception factors best encode different
communication goals

Define change blindness
Describe key limitations of visual channel

Ultimately, critique and apply perception principles to designs
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HW 1 Return
iﬁﬁ—;

Observations
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35



VotD

—— )
Instructions in t-square — Resources page
Connect to tumblr

Follow instructions!

Find your day
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Project

— A
Teams paired up

Topic proposal due next Weds.

Good project ideas in t-square

Fall 2016 CS 7450 72
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Reading .
M. Stone, "Choosing colors for data
visualization"

Browse colorbrewer website

Do first perception test on

http://www.simonslab.com/videos.html
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Upcoming

Vis programming tutorial
D3, etc.

Multivariate visual representations 1

Fall 2016 CS 7450 74
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Sources Used
I — |

Healey website and article

http://www.csc.ncsu.edu/faculty/healey/PP/index.html

Marti Hearst SIMS 247 lectures
C. Ware, Information Visualization
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