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Announcements

Lab 2 due today.

Project 1 due this coming Tuesday.

FAQSs:

1. What if | want to customize my website for Lab 2 (and
onwards)? Feel free, as long as you can include all required
talking points in your video.



More Project 1 Advice



Exemplar:
Usain Bolt

No one is coming close to Usain Bolt's best times

All times under 10 seconds in the outdoor men’'s 100-meter sprint, using
only electronic readings and under regular wind conditions
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Time versus year for 100-meter sprintspt, using
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How have 100m sprint times changed over time?

Exemplar
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Exemplar:
Usain Bolt

No one is coming close to Usain Bolt's best times

All times under 10 seconds in the outdoor men's 100-meter sprint, using
only electronic readings and under regular wind conditions

Excellent: Title is the ONE thing a
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Mapping or Visual Encoding
Data Visual

Expressiveness Effectiveness

A visualization is more effective
than another If the iInformation it
conveys IS more readily perceived
than the information in the other
visualization

A set of facts Is expressible In a
visual language If the sentences
(1.e. the visualizations) In the
language express all the facts In
the set of data, and only the facts
In the data.

Mackinlay, Jock. "Automating the design of graphical presentations of relational information." Acm Transactions On Graphics (Tog) 5.2 (1986): 110-141.



Channels: Expressiveness Types and Effectiveness Ranks
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Graphical Perception

The ability of viewers to interpret visual (graphical)
encodings of information and thereby decode
iInformation in graphs.
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Signal Detection
Magnitude Estimation
Pre-Attentive Processing
Selective Attention

Gestalt Grouping
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Signal Detection
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Which is brighter?

rgb (128, 128, 128)

tryclassbuzz.com:
brighter1

rgb(144, 144, 144)
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Which is brighter?

tryclassbuzz.com:
brighter2
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A" Ernst Weber

R EE German physician
 and a founder of
y experimental
@ psychology.

Start with 2kg

add 5 Don’t notice

!

add 20g] INotice!

Start with 5kg

Don’t notice . .
Jnd is proportional to
Notice! original intensity
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P, Ernst Weber
w0 (1795 - 1878)

&8 German physician
B and a founder of
y experimental
psychology.

Ratios more important than magnitude
Our brains treat continuous variations like discrete steps
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https://mappa.mundi.net/maps/maps_014/index.html#telegeography

Scale
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http://www.visualcomplexity.com/vc/project.cfm?id=905
https://multimedia.scmp.com/culture/article/SCMP-printed-graphics-memory/lonelyGraphics/201210A113.html
http://www.visualcomplexity.com/vc/project.cfm?id=905

Signal Detection
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Magnitude Estimation

Accuracy: how correctly can
we read off values?
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How much larger is the area of the big circle?

tryclassbuzz.com:
circles
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How much longer is the big bar?

tryclassbuzz.com:
bars

24



How much larger is the area of the big circle?
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How much longer is the big bar?




Graphical Perception Studies

TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE S
100

100 100} 1001 100
A B A B A B A

Figure 4. Graphs from position—length experiment.

What proportion is the smaller marked section of the larger?

Cleveland, William S., and Robert McGill. "Graphical perception: Theory, experimentation, and application to the development of graphical methods." 1984
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TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE 5
100 1 100

OO} 100} 100
A B A B A

Figure 4. Graphs from position—length experiment.
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.. Takeaway: Know which
00—
Position 1 channels have the least error!
——

Position 2

Position 3 ——@—

Length 1 —&—

Length 2 —&—

Angle —&—

Area (Circular) ——&—

Area (Rect 1) —@—

Area (Rect 2) —@&—

o 15 20 25 30

Log Absolute

Estimation Error

Heer, Jeffrey, and Michael Bostock. "Crowdsourcing graphical perception: using mechanical turk to assess visualization design." CHI 2010



Magnitude Estimation

Accuracy: how correctly can
we read off values?
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Pre-Attentive Processing

Pop Out: how easy Is It to

spot some values from the
rest?
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[Base

How many 3s?

12817687561389/6546984506985604982826762
9809858458224509856458945098450980943585
90910302099059595957725646/750506/78904567
88457898098216//654876364908560912949686

d on a slide from John Stasko]
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[Base

How many 3s?

12817687/561389765469845009856049828267/62
9809858458224509856458945098450980943585
90910302099059595957725646750506/78904567
88457898098216/7/6548/7/6364908560912949686

d on a slide from John Stasko]
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Pre-Attentive Processing

How fast does our visual system perceive differences?

Pre-Attentive: immediately

recognize variation with little or no
conscious effort (<200-250 ms).

Attentive: Takes some deliberate
effort to perceive differences.

34



Pre-Attentive Processing

Color Is pre-attentive

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

Pre-Attentive Processing



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

Pre-Attentive Processing

A conjunction Is a
combination of 2+
visual features.

But not a conjunction!

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

. . A f -
Pre-Attentive Processing

Many spatial features are p= - -
pre-attentive ISR N e
Many spatial conjunctions D=t B (el N -l St I e
are also pre-attentive it B = B e I e

ensity, contrast

number, estimation colour (hue)
Treisman & Gormican 88 Healey & Enns 98; Healey & Enns Sagi & Ju 1 z 85b; H aley et al. 93; Nagy & Sanchez 90; Nagy et 0;
But most other ”

conjunctions are NOT
pre-attentive

Takeaway: Use pre-attentive

features When you want reader

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

ction D depth cues
Beck et al. 83; T man&G ormican Ju 1 &B ergen 83 Julész&Bergen 83 Enns 9ob; Nakayama & Silverman
88; Wolfe &F zel 88

86


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

Pre-Attentive Processing

Pop Out: how easy Is It to

spot some values from the
rest?
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Selective Attention

Separability: how much

Interaction occurs between
attributes?
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One-dimensional: brightness

n. Name the color D-




One-dimensional: shape
olm onm

D Square

Circle

Circle
Square

Circle

QU100
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Redundant: brightness and shape

n . Name the color . D Name the shape

Information In
2+ visual

channels
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Orthogonal: brightness and shape

Name the color Name the shape

White Circle

Different
Information In

2+ visual
channels

44



Conjunction principles

Redundancy Gain I f
Improved performance when _nter erence

both dimensions provide the Il

same Information.
I I I I t Gain

R 10 R 10
Brightness Shape

Filtering Interference
Difficulty in ignoring one
dimension while attending
to another.

Response time
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Conjunction principles

Response time

R 10
Brightness

46



Conjunction principles

R 10 R 10
Brightness Shape

Response time

nterference

Integral Both
mterference and gain

4o



Example: Position and Hue

Separable:
No Interference or gain ®

Munzner, Tamara. Visualization analysis and design. CRC press, 2014.
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Example: Width and Height
No Interference or gain
®
2.
Both interference and gain - ®

Munzner, Tamara. Visualization analysis and design. CRC press, 2014.
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Example: Thickness and color

Separable: ags e e ‘.
No interference or gain VA

Integral: =X} \NG /w

Both interference and gain

https://multimedia.scmp.com/culture/article/SCMP-printed-graphics-memory/lonelyGraphics/201210A113.html
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https://multimedia.scmp.com/culture/article/SCMP-printed-graphics-memory/lonelyGraphics/201210A113.html
http://www.visualcomplexity.com/vc/project.cfm?id=905
http://www.visualcomplexity.com/vc/project.cfm?id=905

Example: Shape and Size?

Separable:
No interference or gain

Integral:

Both interference and gain

C O nflg ura I ) . FIGURE 3.40. The bivariate temperature-precipitation map of Figure 3.36, this
O A Iy | nte I‘fe rence p No g alin time using point symbols that vary in shape and size to represent the two quantities.

[MacEachren 1995]
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Example: Stroop Effect

Separable: blue
No interference or gain

Integral:
Both interference and gain red

Configural: greern

Only interference, no gain

purple
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Example: Stroop Effect

Separable:

No Interference or gain
vellow
Integral:

Both interference and gain red

Configural:
Only interference, no gain

orange
purple
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Example: Stroop Effect

Separable:
No Interference or gain

Integral:
Both interference and gain red

Configural: green

Only interference, no gain

purple
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Example: Stroop Effect

Separable:
No Interference or gain

Integral:
Both interference and gain red

Configural: green

Only interference, no gain

Asymmetric:

One dimension separable purple
but not the other

55



Example: Stroop Effect

Separable:
No Interference or gain

Integral:
Both interference and gain red

Configural: green

Only interference, no gain

Asymmetric: Takeaway: take care when
One dimension separable combining visual features, and

hut not the other make use of redundant encodings!




Selective Attention

Separability: how much

Interaction occurs between
attributes?
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Gestalt Grouping

Organization: how do we
group visual elements?

58



Gestalt Principles

Figure /| Ground
Proximity
Similarity
Symmetry
Connectedness
Continuity
Closure

Common Fate

Will highlight most relevant ones for
vis, not all of them

https://en.wikipedia.org/wiki/Principles of grouping
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https://en.wikipedia.org/wiki/Principles_of_grouping

Gestalt Prin

Figure [ Ground
Proximity
Similarity
Symmetry
Connectedness
Continuity
Closure

Common Fate

https://www.simonscarr.com/irags-bloody-toll

ks ey
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“m

J000

Clples What's in the foreground?
oY P DO PO o P OO PO [T 3 P DO PP i/ DOPLY [T o d O PO PR e f RO O

|

Coxlition deaths

4,802

Civitlan deaths

113,728
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https://www.simonscarr.com/iraqs-bloody-toll

Gestalt PrlnCIpIes [What's i the foreground’]

Figure [ Ground
Proximity
200
Similarity 2005
Florida enacted
its ‘'Stand Your
Symmetry v Ground’ law
Connectedness
o 600
Continuity
Closure -
Common Fate 873

1,000 19905 I 20005 [2010s

https://www.livescience.com/45083-misleading-gun-death-chart.html



https://www.livescience.com/45083-misleading-gun-death-chart.html

Gestalt Principles

Figure /| Ground
Proximity
Similarity
Symmetry
Connectedness
Continuity
Closure

Common Fate

https://www.livescience.com/45083-nr

ﬂ$| o .

\guenT@eaihrzoartdimhniel/Modules/FM21820/visper07.html
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https://www.livescience.com/45083-misleading-gun-death-chart.html
http://visual-memory.co.uk/daniel/Modules/FM21820/visper07.html
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https://archive.nytimes.com/www.nytimes.com/imagepages/2010/05/02/business/02metrics.html

Gestalt Principles

Figure [ Ground a\/L w ¢\ /

Proximity
Similarity ere 20
Symmetry We prefer smooth, not abrupt, changes.
Connectedness e e B

A
Continuity & © . e dll® @ ¢

C

Closure ( .' OO 1O
Common Fate a8 © Q_O @

Connections are clearer with smooth contours.



Gestalt Principles

Figure /| Ground ¢ v oONOE v v v
- TR . TR
Proximity M M TR SNTOTYUINTR
Similarity VoV
o S R TR T 2 N TR T
yvmmetry
Conn.ect.edness i’ Cl bl
Continuity O T T
Closure NN NN N NN N
s T DRV W VR O W
Common Fate Be Toea: PR G E

Prefer field
that shows
smooth
continuous
contours
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Gestalt Principles

Figure / Ground
Proximity
Similarity
Symmetry

Connectedness
Continuity
Closure

Common Fate Dots moving together are grouped.

06



Gestalt Principles

Figure /| Ground
Proximity
Similarity
Symmetry
Connectedness
Continuity
Closure

Common Fate

Los Angeles

San Diego

° ,
Sa Anoio°

ston

http://hint.fm/wind/

o7



, , Use 4-5 steps for most channels,
Signal Detection hard for people to distinguish more
: : : Ev ' .d.

Magnitude Estimation en a direct map to e.g. area or
brightness won't always work.

Pre-Attentive Processing Use channels that are pre-attentive
for callouts e.g. position, color.

Selective Attention ...but be careful with combinations
of channels!

Gestalt Grouping Use these to improve annotations,
coloring, animations.
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