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Perception + Accessibility

Data Visualization

Ny

v
Frank Elavsky, slides built on by Adam Perer and Dominik Moritz dig.cmu.edu


http://dig.cmu.edu

What you will learn today

 Why Perception is important for Visualization
 How to show relationships
 How to draw attention
 How to minimize risk of overlooking

» Different ways that people perceive



PERCEPTION

|dentification and interpretation of sensory information

From the physical stimulus to recognizing information

Shaped by learning, memory, expectation

COGNITION

The processing of information, applying knowledge

Hear someone speak: Perception
Understand the language and the words: Cognition



PERCEPTION VS. COGNITION

Perception Cognition

Eye, optical nerve, visual cortex  Recognizing objects

Basic perception Relations between objects

First processing Conclusion drawing
(edges, planes) Problem solving

Not conscious Learning

Reflexes



PERCEPTION VS. COGNITION

[ ars!
(Research has been visually-blased for 100+ ye )

Perception Cognition

Eye, optical nerve, visual cortex  Recognizing objects

Basic perception Relations between objects

First processing Conclusion drawing
(edges, planes) Problem solving

Not conscious Learning

Reflexes






L OOKING VS.
SEEING



Emergence Images - Perceptual Hysteresis



Looking only at patches doesn’t work

http://graphics.stanford.edu/~niloy/research/emergence/emergence image siga 09.html



http://graphics.stanford.edu/~niloy/research/emergence/emergence_image_siga_09.html
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Google

20+ Amazing 3D Street...
mymodernmet.com

Talented Mexican Street Artist ...
boredpanda.com

-~
-
-

L) L) ) 1L
i

3d illusion street art

3D street art photos: What's the secret ...
cnn.com

Q. & 3dillusion street art ¢

3

B Q

r" e “
a8 | chalk 8
Free shipping

sidewalk edgar mueller

S

o

Free shippin

optical illusion | 3d street art ...
pinterest.com

street murals with optical illusions
matadornetwork.com

3D Street Art lllusion - Making of and ...
youtube.com

Amazing 3D Street Art lllusion ...
youtube.com

. ALV Y

At U TR T s ag M o o

L o = - =~

50 Absolutely Stunning 3...
hongkiat.com

25+ Amazing Images of 3D Street Art
interestingengineering.com

Street art illusions ...
pinterest.com

3D Street Art - Amazing Optical lllusions
flixxy.com

Optical lllusions: Amazing 3D ...
geeks3d.com

.-_f"fi’:"'?ll“k!f .
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20+ Amazing 3D Street Art lllusions ...
mymodernmet.com

Optical illusion 3D stre...
pinterest.com

|

oy
The

 Guardian

3D street art: a question of ...
theguardian.com

Step into 3D street art | Widewalls
widewalls.ch

3D street art photos: What's the secret ...
cnn.com

3D lllusions Street Art 1 | St...
pinterest.com

Street Art Showing Optical lllusion ...
istockphoto.com

3d Street Art- Everythin...
streetadvertisingservices...

Graffiti artist creates mind-b...
thesun.co.uk




dribll




- Faces in Things @ FacesPics - Mar 22
P A R I I D o I I A ‘ Hey little guy! pic.twitter.com/nt2BgwZeTR

Faces in Things @ FacesPics - Mar 9
These chairs have seen some terrible things pic.twitter.com/GjlcOwuP47

Faces in Things @ FacesPics - Mar 10
A terrified pickle pic.twitter.com/Ffph1wzTyv

- Faces in Things @ FacesPics - Feb 14
‘ Deep in thought Deep Fryer pic.twitter.com/1Qygjmslka




TAKE HOME POINT

Vision is “constructed” top down from the input

“What you see when you see a thing
depends on what the thing is. What you see
the thing as depends on what you know

about what you are seeing.”

Zenon Pylyshyn
Cognitive Scientist and
Philosopher



TAKE HOME POINT

Vision is “constructed” top down from the input

see when you see a thing

s on what the thing is. What you see
thing as depends on what you know
about what you are seeing.”

Zenon Pylyshyn

TOUCh bOttom'u p Cognitive Scientist and

Philosopher

Hearing: serial (yikes!)





http://www.art-dept.com/artists/rankin/portfolio/specialprojects/eyescapes/portfolio.html
http://www.art-dept.com/artists/rankin/portfolio/specialprojects/eyescapes/portfolio.html




[
[
=N

i

~I 20 milion rods

~5-6 million cones

Wandell, “Foundations of Vision”


http://graphics.stanford.edu/papers/polaris/

C.Ware,“Visual Thinking for Design”



http://graphics.stanford.edu/papers/polaris/

HUMAN VISUAL SYSIEM

Vision works as sequence of fixations and saccadeg

&

fixations: maintaining gaze on single location (200-600 ms)

saccades: moving between different
locations (20-100 ms)

Vision not similar to a camera

More similar to a dynamic and
ongoing construction project

gy

MPEGA4
WORLD







http://www.tobiipro.com/

EYE-TRACKING EXPERI

-ye-tracking control compute

B

Visualization

display
Infrared
camera

Ideo!


http://www.tobiipro.com/

HUMAN VISUAL SYSTEM

No general purpose vision

What

we see depends on our goals and expectations

Relative judgments: strong

Absolute judgments: weak

Ames Room

Actual position of

Person A ——]

Apparent position ||

of person A ~

Apparent
shape of room

Viewing
peephole

_ Actual and

;Fparent position
person B









POPOUT

Properties detected by the low-level visual system
very rapid - 200-250 milliseconds

very accurate

processed in parallel

happens before focused attention -> “pre”-attentive

Independent of the number of distractors!
Opposite: sequential search (processed serially)



EXPERIMENT




DIFFERENCE IN HUE




DIFFERENCE IN CURVATURE /
FORM




orientation



hue






size



EXPERIMENT






NOT VALID FOR COMBINATIONS

Conjunction Targets — no unique visual property
Target: red, circle
Distractor objects have both properties



SOME PREATTENTIVE

orientation length closure size curvature

density hue hue flicker direction of motion



TASKS

target detection

detect the presence or absence of a target

boundary detection

detect a texture boundary between two groups of elements, where all of the elements in each group
have a common visual property

region tracking

track one or more elements with a unique visual feature as they move in time and space

counting and estimation

users count or estimate the number of elements with a unique visual feature.



TASKS

Number Estimation

Boundary Detection




HIERARCHY OF PREATTENTIVE
FEATURES

................
llllllllllllllll
llllllllllllllll
oooooooooooooooo
ooooooooooooooooo
ENOeOGOOGOO o000 0000 Examples online!
oooooooooooooooo
oooooooooooooooo



THEORIES OF PREATTENTIVE
PROCESSING

Not known for sure how it works

Several theories:

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



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

PREATTENTIVE PROCESSING IN
VIS

Can be used to draw attention to areas of interest

Can be used to express similarity/group memberships
Visual features must be carefully designed
Conjunctions must be avoided

Examples are “Cues” (Focus and Context technique)



CHANGE
BLINDNESS



CHANGE BLINDNESS

Details of an image cannot be remembered across
separate scenes

except in areas with focused attention

Interruption (e.g. a blink, eye saccade or blank screen)
amplifies this effect

Not failure of vision system
failure due to inappropriate attentional guidance



2 24
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http://www.csc.ncsu.edu/faculty/healey/PP/index.html

Ron Rensink 2002



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

£

i Lt 4D o
~-.—...4') e

Ve

Y

.
.
.

v

QYDREOOG

A
» L

o Cla N e i A YA v B, 4 v S
."th._> ~ i P
o s AT DI s s
el oy K iy : X .
At NI
Aot
'a'.' _II'.;‘"-_

A
- <
ot 5o
2 w‘: N
| NPT

)
'-')}'f'a(/ :
5 o -

Y 3
sife L "(""."\-‘._' :
E 3o g et L
bl S o T
. et

_ " . b R S R o -~y
. -y ‘. : By \ AT s AW
A ) . o P : . Poilre 2P
,v;.?*'g, (SN o < e e A
Vo AR i - . X 4 i

'i - h,.;‘.‘t‘}‘.'_ b e o : - - “ )
g v . LA

Ron Rensink 2002


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

CHANGE BLINDNESS

Various theories about causes

Overwriting: Information that was not abstracted is lost

First Impression: Only initial view is abstracted
Nothing is Stored: Only abstract concepts are committed to memory

Everything is Stored, Nothing is Compared: We compare only when we are forced to

Feature Combination: scenes are combined as long as they make sense

Influencing factors

attention
expectation (knowing something will change)
semantic importance of changed object

low level object properties overlooked more easily









ATTENTION
BLINDNESS
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TAKE HOME POINTS

To find meaning in what we see we must selectively pay
attention to what is important

Low-level vision is driven by object features rather than a
conscious effort where to look (e.g., pre-attentive
processing)

Attention Is driven by preexisting knowledge, expectations,
and goals stored in long-term memory



GESTALT
PRINCIPLES




GESTALT PRINCIPLES

"Patterns that transcend the visual
stimuli that produced them”



GESTALT PRINCIPLES

® Similarity

® Proximity

® Connectedness
® Enclosure

e Continuity

® Closure

® Symmetry

® Figure/Ground

e Common Fate



SIMILARITY

OO0O00000O0
OO00O0O000O0O0
OO00O0O000O0O0
OO0O0O00000O0
OO0 0000O0



https://emeeks.github.io/gestaltdataviz/

SIMILARITY

Andy Rutledge, “Gestalt Principles of Perception”



SIMILARITY

Co-modulation of a channel
color, shape, size, value, orientation, texture, ...

Adding a glyph, label, frame, background

Color Shape Value Glyph



COLOR - PERCEPTION ISSUES
(1/2)

Preattentive properties: Very good for 1-2 simultaneous,
serial search for more




COLOR - PERCEPTION ISSUES

(2/2)

Slower In a cluttered environment

d...

Size of colored
object relevant.

pedia.org/wiki/Provide

LG

First Baptist Church in
America, founded 1638,
present building occupied in
1776, is the oldest Baptist
congregation in America

NPS map of the W3R Route

"
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The area which is now Providence was first settled in June 1636 by
Roger Williams, and was one of the original Thirteen Colonies of
the United States.['0] Although the west bank of the Providence
River was later claimed by both the English and the Dutch, the
actual inhabitants and true masters of the region were the
Pokanoket Tribe of the Wampanoag Nation led by Massasoit
Ousamequin "I Williams secured permission to settle from the
Pokanoket and gave the city its present name_['2] Williams'
Providence soon became a refuge for persecuted religious
dissenters, as he himself had been exiled from Massachusetts [12]
Providence's growth would be slow during the next quarter-century
—the subsuming of its territory into surrounding towns, difficulty of

& farming the land, and differing of local traditions and land conflicts

all slowed development.[13]

In the mid-1770s, the British government levied taxes that impeded
Providence’s maritime, [i8lili@l and agricultural industries, the
mainstay of the city’s economy. One example was the Sugar Act,
which was a tax levied against Providence’s distilleries
that adversely affected its trade in rum and slaves.
These taxes caused Providence to join the other
colonies in renouncing allegiance to the British Crown.
In response to enforcement of unpopular trade laws,
Providence residents spilled the first blood of the
American Revolution in the notorious Gaspée Affair of
1772 [12]

Though during the Revolutionary War the city escaped
enemy occupation, the capture of nearby Newport
disrupted industry and kept the population on alert.
Troops were quartered for various campaigns and
Brown University's University Hall was used as a
barracks and military hospital.[13]

After departing from Newport, French troops sent by
King Louis XVI and commanded by the Comte de
Rochambeau passed through Providence on their way
to join the attack against British forces. The march
from Newport to Providence was the beginning of a
campaign led jointly by [EElelall George Washington in
a decisive march that ended with the defeat of General
Cornwallis in the Siege of Yorktown at Yorktown
Virginia and the Battle of the Chesapeake.

Routes of
Washington and
Rochambeau in 1781

Following the war, Providence was the country’s ninth-
largest city PPI13] with 7,614 people. The economy
shifted from maritime endeavors to manufacturing,
particularly [FGSGHINENL tools, silverware, jewelry and
textiles. By the turn of the twentieth century,
Providence boasted some of the largest manufacturing
nlants in the country includina Brown & Sharne
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SIMILARITY

Modulate everything else
Blurring, darkening, desaturating, etc.

Blur Darkening



MODULATING EVERYTHING ELSE:
RECOMMENDATION, EXAMPLE

Don‘t use unless the sole objective is to
guide attention toward one (set of) items

-

[IMS Windows] [Zhai et al., 1997]



PROXIMITY

ON NON RON RON _
ON NON RON RON
ON NON RON NON
ON NON RON NON
ON NON RON RON



https://emeeks.github.io/gestaltdataviz/

PROXIMITY

Andy Rutledge, “Gestalt Principles of Perception”



PROXIMITY

Grouping/linking by placing entities in close proximity




ALITILE EXPERIMENT...

Color Size ~ Shape



CONNECTEDNESS

Connected items with a line or curve
Surround items with a outline, surface, volume




ENCLOSURE

ON NON RON
ON NON RON
OC® 00000
C® 00000 @
C® 00000 e

O @



https://emeeks.github.io/gestaltdataviz/

ENCLOSURE

Connection I I

re

Enclosure E

Similarity

Bang Wong, “Gestalt Principles, 1", Nature Methods



ENCLOSURE




ONNECTEDNESS VARIETIES

Bubble Sets Line Sets Kelp Diagrams
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VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex



ONTINUITY

Bang Wong, “Gestalt Principles, I, Nature Methods



ONTINUITY

Bang Wong, “Gestalt Principles, I, Nature Methods



CONTINUITY

Things: smooth & continuous

__________________

n (e elle




CLOSU'PE










SYMMETRY



SYMMETRY

Things: symmetric




POPULATION PYRAMID.

FINLAND

100

1917

29 2 195 1 05 0 05 1 15 2 25

4 4
°/o °/‘o

men women


http://www.stat.fi/tup/suomi90/joulukuu_en.html

FIGURE / GROUND
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Sky and Water. M.C. Escher 1938 woodcut.



FIGURE / GROUND

Day and Night. M.C. Escher 1938 woodcut



COMMON FATE



https://emeeks.github.io/gestaltdataviz/

Perceivable

Can someone perceive this in multiple ways? Is each way easy?



Perceivable Checklist:
1. High Contrast

2. Colorblind-Safe + Redundant Encoding
3. Alt Text



Design with high contrast

Colorblindness Disproportionately Colorblindness Disproportionately
Overrepresented in A11y Resources Overrepresented in A11y Resources

Colorblindness: % of People Colorblindness: % of People

4% RX
Low Vision: % of People Low Vision: % of People
25% - 25%
Colorblindness: # of Resources Colorblindness: # of Resources
Low Vision: # of Resources Low Vision: # of Resources

5 .5



Use High Contrast Text

Text needs at least
4.5:1 contrast against
Its background.

Large text (bold and

16pt or larger) can be
3:1 or higher.

Contrast Checker

Home > Resources > Contrast Checker

Foreground Color
#969696 |

_ightness
—
GEE—

Normal Text

Background Color

H#FFFFFF

Lightness

—————————
GEE—

Contrast Ratio

2.95:

permalink

WCAG AA: Fail
WCAG AAA:  Falil

Large Text

The five boxing wizards jump quickly.

WCAG AA: Fail
WCAG AAA: Falil

The five boxing wizards jump quickly.



Use High Contrast Geometries

Chart elements need at Contrast Checker
least 3:1 contrast against

their background.

Home > Resources > Contrast Checker

Foreground Color Background Color
#EAEAEA #F3F3F3 COMENESt Hato
Lightness Lightness 1 .1 4: 1

————————— ———————————
G e .
permalink

Graphical Objects and User Interface Components

WCAG AA: Fail

Text Input



Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United

States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first Presiden

CNN Projection

-

Size of Lead

Filters

Battleground
©
a

Flipped Seats

(

President: Alabama
9 Electoral Votes

Candidate Yo
eTrump & 62.0% w=

Incumbent

® Biden 366% m

306 sioen e

51.3% 81,284,666

Trump &

PROJECTED WINNER

(V + FOLLOW )

Votes
1,441,170

849,624

Updated 10:17 p.m. ET, Mar. 6

PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

to lose a reelection bid since George H.W. Bush in 1992.

TRUMP 232

74,224,319 46.9%

270 to Win

v

© What is this?

CNN Projection M%7 Biden [MZZ Trump

Win Flip
Updated 10:44 a.m. ET, May. 5

STATE RESULTS
President: Alaska Trump &
3 Electoral Votes ' ECTED WINNER

( + FOLLOW )
Candidate % Votes

® Trump 0 528% wm 189,951

Incumbent

® Biden 428% wm 153,778

Es" 99% In
Updated 09:51 a.m. ET, Dec. 2

CShow More States>

President: Arizona ® Biden &
PROJECTED

BATTLEGROUND WINNER
11 Electoral Votes (+roLLow )
Candidate % Votes

eBiden ®@ 494% mm 1,672,143

® Trump 49.0% mm 1,661,686

Incumbent

m 99% ln
Updated 04:11 p.m. ET, Nov. 30

Contrast Checker

Home > Resources > Contrast Checker

Foreground Color
#EC594C |

Lightness

aeesee———()
GEE—

Contrast Ratio

3.44:

permalink

Normal Text

>

Background Color
#FFFFFF

Lightness
—
I

WCAG AA: Fail
WCAG AAA: Fail

The five boxing wizards jump quickly.

94



PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United
States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President

to lose a reelection bid since George H.W. Bush in 1992.

® 232

306 BIDEN & 270 to Win TRUMP

51.3% 81,284,666 74,224,319 46.9%
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Don’t rely on color alone!

(Muth) https://blog.datawrapper.de/colorblindness-part2/

Y “

WHAT PEOPLE WITH NORMAL WHAT GREEN-BLIND PEOPLE SEE
VISION SEE 1% OF MEN



https://blog.datawrapper.de/colorblindness-part2/

“Redundant encoding” iIs one s

trategy

Bitcoin overtook gold
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the best performing
asset in 2020
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Bitcoin and gold price change (%) between January and May 2020
Chart: Based on Anthony Cuthbertson « Source: CoinMarketCap, Nasdaq, Gold Price « Get the data



A note: “Color-vision deficiency” and “colorblindness”

refer to the same thing, both terms are fine to use.

Bitcoin overtook gold

in April to become | Bitcoin
the best performing
asset in 2020
"*p* Gold
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Chart: Based on Anthony Cuthbertson « Source: CoinMarketCap, Nasdaq, Gold Price « Get the data



But sometimes you can’t redundantly encode!
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yscale

TRUMP 232 @
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The division here matters!

TRUMP 232
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Maybe a small white divider, like the states?
{,?:! 306 sipen o o / TRUMP 232
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Perhaps test a darker blue too?

{,‘4 3006 sioen e lm?w‘” TRUMP 232
e I

74,224,319 46.9%

51.3% 81,284,666

O What is this?

CNN Projection
Upd E

ated 10:44 a.m. ET, May. 5

~ ,

| CNN Projection |

103



What if we fix the contrast failures at the same time?
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This text now passes!
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Let’s check that greyscale again...
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Before

300 BipEn ® 270to Win TRUMP 232
G- 4@

51.3% 81,284,666 74,224,319 46.9%

'f"'T .
.r .
Vi

O What is this?

107



300 BipEn ® 27010 Win TRUMP 232
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Sufficient contrast can help folks differentiate
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But what about more than 2 colors?

NOT IDEAL



https://blog.datawrapper.de/what-to-consider-when-creating-small-multiple-line-charts/

But what about more than 2 colors?

Finding “pair” contrast gets

/\/ / really hard after 3+ colors...

NOT IDEAL



https://blog.datawrapper.de/what-to-consider-when-creating-small-multiple-line-charts/

Reduce your colors and redesign!

TTTTTTTTTTTTTT



https://blog.datawrapper.de/what-to-consider-when-creating-small-multiple-line-charts/

Reduce your colors and redesign!

Using “small multiples” is an
easy, powerful technique

Vi
N o

NOT IDEAL BETTER

Source : Datawrapper



https://blog.datawrapper.de/what-to-consider-when-creating-small-multiple-line-charts/

Or simply separate your colors, if they matter

50K

56 K 5K 2K
40K
30K Jf/ﬁﬂb\\\‘//ff~,ﬂ\\.
38K 2K 0.5K
GOOD ALSO GOOD

Source : Datawrapper



https://blog.datawrapper.de/what-to-consider-when-creating-small-multiple-line-charts/

My favorite use of color is to pick just one for emphasis

N%A\ﬁk

GOOD BETTER

Source: Datawrapper
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https://blog.datawrapper.de/what-to-consider-when-creating-small-multiple-line-charts/

Add alt text

There is great research on alt text, but
the most important thing to know Is
that you should add it to every image
you post online (including twitter), in a
document, or presentation.

Guidance: https://medium.com/
nightingale/writing-alt-text-for-data-
visualization-2a218ef4 3181

alt= “Chart type of type of data
where reason for including chart”

Include a link to data source
somewhere in the text


https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81
https://medium.com/nightingale/writing-alt-text-for-data-visualization-2a218ef43f81

PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United
States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President
to lose a reelection bid since George H.W. Bush in 1992.
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PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United
States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President
to lose a reelection bid since George H.W. Bush in 1992.
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Recap: Perceivability

Use high contrast Use redundant encoding
\gé 306 sioen (V] #own  TRUMP 232@ @30 BBBBB (V] 27010 Win TRUMP 232

Reduce colors and crowding Add alt text
alt= “Chart type of type of data
where reason for including chart”

Yoo e N Include a link to data source

somewhere in the text
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creen readers processes 1 input at a time

— 3 WIKIPEDIA \

OB The Free Encyclopedia

- - -age - . v - - - LW —

A0 A
~ L

2 Zsaoont e spetes o DY REpr o & pet. ror e earanmy, seg or other uses, see Cat (disambiguation) and Cats

axonomy (disambigu*~~"

volution The cat (Felis :at, is the only domesticated

[
species in the f 6 7 N av O I n ts have shown that the Cat
J Temporal range: 9,500 years ago - present

domestication ¢ monly kept as a house pet

haracteristics

_ and farm cat, b is valued by humans for
sehavior companionship ~ S t is adapted to killing small
prey like mice & ath, and its night vision and

sense of smell are well developed. It is a social species, but a solitary hunter and a crepuscular predator.
Cat communication includes vocalizations like meowing, purring, trilling, hissing, growling, and grunting
as well as cat body language. It can hear sounds too faint or too high in frequency for human ears, such
as those made by small mammals. It also secretes and perceives pheromones.

Female domestic cats can have kittens from spring to late autumn in temperate zones and throughout
the year in equatorial regions, with litter sizes often ranging from two to five kittens. Domestic cats are
External links bred and shown at events as registered pedigreed cats, a hobby known as cat fancy. Animal population

eferences

control of cats may be achieved by spaying and neutering, but their proliferation and the abandonment of

nete has reaiilted in larne niimhers nf feral cate warldwide econtrihiitina ta the extinetion of hird mammal
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Movement between tasks becomes cognitively expensive
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domestication ¢ monly kept as a house pet
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_ and farm cat, b is valued by humans for
Senavior companionship ~ s t is adapted to killing small
prey like mice & ath, and its night vision and

sense of smell are well developed. It is a social species, but a solitary hunter and a crepuscular predator.
Cat communication includes vocalizations like meowing, purring, trilling, hissing, growling, and grunting
as well as cat body language. It can hear sounds too faint or too high in frequency for human ears, such
as those made by small mammals. It also secretes and perceives pheromones.

Female domestic cats can have kittens from spring to late autumn in temperate zones and throughout
the year in equatorial regions, with litter sizes often ranging from two to five kittens. Domestic cats are
External links bred and shown at events as registered pedigreed cats, a hobby known as cat fancy. Animal population

eferences

control of cats may be achieved by spaying and neutering, but their proliferation and the abandonment of

nete has reaiilted in larne niimhers nf feral cate warldwide econtrihiitina to the extinetinon of hird mammal
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Auditory processing struggles with dual-task paradigms®

*Gherri (2011), Hamlyn (2018)
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So what about cross-filtering?
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Interaction In one space...
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Produces simultaneous, coordinated change in another.
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For blind users, descriptions, structural
navigation, and sonifications will likely not
solve this challenge.




Observing: Embossed braille in a research context

Image source
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https://www.artshub.co.uk/news/news/braille-embossed-dots-literacy-2611778/

Observation 1: Spatial memory storage

My friend didn’t remember the details of a math equation exactly, but he knew
where that equation was located in his stack of braille pages and where on the
page the equation was.

Image source
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https://libbraille.org/category/braille-system/

Observation 2: Coordinating perception and comparison

He then compared 2 equations at once. The details of each weren’t important. He
was feeling for differences simultaneously.
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Prototype: cross-feelter




Special knobs (D.) enable single-track usage




Cross-perception! A tactile, dual-task paradigm.
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What you learned today

 Why Perception is important for Visualization
 How to show relationships
 How to draw attention
 How to minimize risk of overlooking

» Different ways that people perceive



