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http://www.colorbrewer.org/

Final project

New visualization research or data analysis project
Research: Pose problem, Implement creative solution
Data analysis: Analyze dataset in depth & make a visual explainer

Deliverables
Research: Implementation of solution

Data analysis/explainer: Article with multiple interactive
visualizations

6-8 page paper

Schedule
Project proposal: Wed 2/19
Design review and feedback: 3/9 and 3/11
Final presentation: 3/16 (7-9pm) Location: TBD
Final code and writeup: 3/18 11:59pm

Grading
Groups of up to 3 people, graded individually
Clearly report responsibilities of each member




Question

The goal of visualization is to convey information

How does animation help convey information?

COI‘Ie Trees [Robertson 91]




UoSo GUI‘I DECﬂ'hS [Periscopic 2013]
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Read the Blog | Enter the Name Pool
NameVoyager FAQ | Buy the Book
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To begin: type in a name



http://guns.periscopic.com/%3Fyear=2013
http://www.babynamewizard.com/namevoyager/lnv0105.html

Why Use Motion?

Visual variable to encode data
Direct attention

Understand system dynamics
Understand state transition
Increase engagement

Topics

Understanding motion
Animated transitions in visualization
Implementing animation




Understanding Motion

Motion as a visual cue

Pre-attentive
Stronger than color, shape, ...

Triggers an orientation response
Motion parallax provides 3D cue
More sensitive to motion at periphery




Grouped dots count as 1 object

Dots moving together are grouped

Segment by common motion (fate)

sand Shrimp
These camouflaged creatures are shy and prefer to hide.
They reveal themselves only when they feel a nudge.



http://coe.sdsu.edu/eet/articles/visualperc1/start.htm
http://dragon.uml.edu/psych/commfate.html
http://www.singlecell.org/july/index.html
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Grouping based on biological motion

[Johansson 73]



http://www.lifesci.sussex.ac.uk/home/George_Mather/Motion/

Volume rendering (acoute 9s)

Tracking multiple targets

How many dots can we simultaneously track?

[Yantis 92, Pylyshn 88, Cavanagh 05]
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Tracking multiple targets

How many dots can we simultaneously track?

[Yantis 92, Pylyshn 88, Cavanagh 05]

Tracking multiple targets

How many dots can we simultaneously track?
4 to 6 - difficulty increases significantly at 6

[Yantis 92, Pylyshn 88, Cavanagh 05]
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Tracking multiple targets

O

How many dots can we simultaneously track?
4 to 6 - difficulty increases significantly at 6

[Yantis 92, Pylyshn 88, Cavanagh 05]
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How many dots can we simultaneously track?
4 to 6 - difficulty increases significantly at 6

[Yantis 92, Pylyshn 88, Cavanagh 05]
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Tracking multiple targets

How many dots can we simultaneously track?
4 to 6 - difficulty increases significantly at 6

[Yantis 92, Pylyshn 88, Cavanagh 05]

Tracking multiple targets

How many dots can we simultaneously track?
4 to 6 - difficulty increases significantly at 6

[Yantis 92, Pylyshn 88, Cavanagh 05]
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Tracking multiple targets

How many dots can we simultaneously track?
4 to 6 - difficulty increases significantly at 6

[Yantis 92, Pylyshn 88, Cavanagh 05]

Tracking multiple targets
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How many dots can we simultaneously track?
4 to 6 - difficulty increases significantly at 6

[Yantis 92, Pylyshn 88, Cavanagh 05]
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Motions directly show transitions

Can see change from one state to next
States are spatial layouts

Changes are simple transitions (mostly translations)

Motions directly show transitions

Can see change from one state to next
States are spatial layouts
Changes are simple transitions (mostly translations)
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Motions directly show transitions

Can see change from one state to next
States are spatial layouts

Changes are simple transitions (translation, rotation, scale)

Shows transition better, but
Still may be too fast, or too slow
Too many objects may move at once

end

Drag-n-pop ieaudisch 03]

MSR home  Recycle Bin j
L

Recycle Bin

Oullock  IEXPLORE é i

llustrator PowerPoint ——

Relevant applications jump to file you are dragging with paths
drawn as stretched bands (meant for large screen displays)

What about other transformations (rotation / scale)?
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Constructing narratives

Animation fram
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Attribution of causality michore a6;

Michotte demonstration 1. What do you see? Most observers report that "the red
ball hit the blue ball." The blue ball moved "because the red ball hit it." Thus, the red ball
is perceived to "cause" the blue ball to move, even though the balls are nothing more than
color disks on your screen that move according to a programme.
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http://cogweb.ucla.edu/Discourse/Narrative/Heider_45.html

Attribution of causality michote a6
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182
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[Reprint from Ware 04]

How does it work?




PI"OblemS [Tversky 02]

Difficulties in understanding animation

Difficult to estimate paths and trajectories

Motion is fleeting and transient

Cannot simultaneously attend to multiple motions

Trying to parse motion into events, actions and behaviors
Misunderstanding and wrongly inferring causality

Anthropomorphizing physical motion may cause confusion or

lead to incorrect conclusions

Solution I: Break into static steps

Two-cylinder Stirling engine

19


http://www.keveney.com/Vstirling.html

Solution I: Break into static steps

Expansion. At this point, most of the gas in
the system has just been driven into the hot
cylinder. The gas heats and expands driving
both pistons inward.

2

Transfer. At this point, the gas has
expanded (about 3 times in this example)
Most of the gas (about 2/3rds) is stil located
in the hot cylinder. Flywheel momentum
carries the crankshaft the next 90 degrees,
transferring the bulk of the gas to the cool

3

Contraction. Now the majority of the
expanded gas has been shifted to the cool
cylinder. It cools and contracts, drawing
both pistons outward.

4

Transfer. The now contracted gas is still
located in the cool cylinder. Flywheel
‘momentum carries the crank another 90
degrees. transferring the gas to back to the
hot cylinder to complete the cycle.

cylinder.

Two-cylinder Stirling engine

Challenges

Choosing the set of steps
How to segment process into steps?

Note: Steps often shown sequentially for clarity,
rather than showing everything simultaneously

Tversky suggests
Coarse level - segment based on objects

Finer level - segment based on actions
Static depictions often do not show finer level segmentation
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http://www.keveney.com/Vstirling.html

Animated Transitions in
Statistical Graphics

21



Log Transform
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Sorting
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Filtering

Month 1
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Timestep

Month 2
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Change Encodings
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Change Data Dimensions

Change Data Dimensions
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Change Encodings + Axis Scales

Data Graphics & Transitions

Category Sales Profit

A 11 7 ‘

13 10

B

¢ 12 d  Visual Encoding
D 5

E

Change selected data Animation to
dimensions or encodings 1 communicate changes? l

Category Sales Profit
A 11
13

B
C
D
E




Transitions between charts

It is common to transition between related charts
Can animation help?
How does this impact perception?

Principles for conveying information

Congruence:

The structure and content of the external representation
should correspond to the desired structure and
content of the internal representation.

Apprehension:

The structure and content of the external representation
should be readily and accurately perceived and
comprehended.

[from Tversky 02]

29



Principles for Animation

Congruence
Maintain valid data graphics during transitions
Use consistent syntactic/semantic mappings

Respect semantic correspondence
Avoid ambiguity

Apprehension
Group similar transitions
Minimize occlusion
Maximize predictability
Use simple transitions
Use staging for complex transitions
Make transitions as long as needed, but no longer

Principles for Animation

Congruence
Maintain valid data graphics during transitions
Use consistent syntactic/semantic mappings

Respect semantic correspondence
Avoid ambiguity

Visual marks should
always represent the

Apprehension same data tuple.
Group similar transitions
Minimize occlusion
Maximize predictability
Use simple transitions
Use staging for complex transitions
Make transitions as long as needed, but no longer
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Principles for Animation

Congruence
Maintain valid data graphics during transitions
Use consistent syntactic/semantic mappings
Respect semantic correspondence

Avoid ambiguit
gutly ————— Different operators

should have distinct

Apprehension animations.
Group similar transitions
Minimize occlusion
Maximize predictability
Use simple transitions
Use staging for complex transitions
Make transitions as long as needed, but no longer

Principles for Animation

Congruence
Maintain valid data graphics during transitions
Use consistent syntactic/semantic mappings

Respect semantic correspondence
Avoid ambiguity

Apprehension
Group similar ransitions __ 09552 i
Minimize occlusion
Maximize predictability
Use simple transitions
Use staging for complex transitions
Make transitions as long as needed, but no longer
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Principles for Animation

Congruence
Maintain valid data graphics during transitions
Use consistent syntactic/semantic mappings
Respect semantic correspondence
Avoid ambiguity

Apprehension
Group similar transitions Keep animation as
Minimize occlusion simple as possible |

complicated, break
Maximize predictqbili’ry/ into simple stages.
Use simple transitions

Use staging for complex transitions
Make transitions as long as needed, but no longer

]
Animated Transitions in
Statistical Data Graphics

Jeffrey Heer
George G. Robertson

M'|ﬂﬁsoft .d‘.
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Study Conclusions

Appropriate animation improves graphical perception

Simple transitions beat “do one thing at a time”

Simple staging was preferred and showed benefits
but timing important and in need of study

Axis re-scaling hampers perception
Avoid if possible (use common scale)

Maintain landmarks better (delay fade out of gridlines)

Subjects preferred animated transitions

40
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Color Legend (continent)
W Africa
Select two countries whose
InfantMortality dropped
first, then increased later.
Ctrl-Click on a country (in chart) to
- setan answer.
. Answers set: 0/2
Next
Click on "Next" when finished (or
"Give Up” if you cannot find all the
answers)
Give Up
g
o
]
20 30 40 50 60 70
LifeExpectance-Both _]_ [ R b + O 8 ]
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Color Legend (continent)
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Small Multiples [Robertson 08]
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Which to prefer for analysis?
For presentation?

Study: Analysis & Presentation

Subjects asked comprehension questions.

Presentation condition included narration.

Multiples 10% more accurate than animation
Presentation: Anim. 60% faster than multiples

Analysis: Animation 82% slower than multiples
User preferences favor animation (even though
less accurate and slower for analysis!)
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Implementing Animation

Animation Approaches

Frame-based Animation

Redraw scene at regular interval (e.g., 16ms)
Developer defines the redraw function

36



Frame-based Animation

Alnialm

Frame-based Animation

circle(190,10) circle(15,15) circle(20,20) circle(25,25)

ininin
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Frame-based Animation

circle(10,10) circle(15,15) circle(20,20) circle(25,25)

TENIS

Frame-based Animation

clear(Q) clear(Q) clear(Q)

HilE

circle(190,10) circle(15,15) circle(20,20) circle(25,25)

aoinie
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Animation Approaches

Frame-based Animation

Redraw scene at regular interval (e.g., 16ms)
Developer defines the redraw function

Animation Approaches

Frame-based Animation
Redraw scene at regular interval (e.g., 16ms)
Developer defines the redraw function

Transition-based Animation (Hudson & Stasko ‘93)
Specify property value, duration & easing (tweening)
Typically computed via interpolation

step(fraction) { xnow = xstart + fraction * (xend - Xstart); }

Timing & redraw managed by Ul toolkit

39



Transition-based Animation

from: (10,10) to: (25,25) duration: 3sec

dx=25-10
x=10+(t/3)*dx  x=10+(t/3)*dx x=10+(t/3)*dx x=10+(t/3)*dx

R

Transition-based Animation

from: (10,10) to: (25,25) duration: 3sec
Toolkit handles frame-by-frame updates

dx=25-10
x=10+(t/3)*dx  x=10+(Ct/3)*dx x=10+(t/3)*dx x=10+(t/3)*dx

E
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D3 Transitions

Any d3 selection can be used to drive animation.

D3 Transitions

Any d3 selection can be used to drive animation.
// Select SVG rectangles and bind them to data values.

var bars = svg.selectAll(“rect.bars”).data(values);
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D3 Transitions

Any d3 selection can be used to drive animation.
// Select SVG rectangles and bind them to data values.

var bars = svg.selectAll(“rect.bars”).data(values);
// Static transition: update position and color of bars.

bars
attr(”"x", (d) => xScale(d.foo))
attr("y”, (d) => yScale(d.bar))
style(“fill”, (d) => colorScale(d.baz));

D3 Transitions

Any d3 selection can be used to drive animation.
// Select SVG rectangles and bind them to data values.

var bars = svg.selectAll(“rect.bars”).data(values);
// Animated transition: interpolate to target values using default timing
bars.

attr("x"”, (d) => xScale(d.foo))
attr("y"”, (d) => yScale(d.bar))
style(“fill”, (d) => colorScale(d.baz));
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D3 Transitions

Any d3 selection can be used to drive animation.
// Select SVG rectangles and bind them to data values.

var bars = svg.selectAll(“rect.bars”).data(values);
// Animated transition: interpolate to target values using default timing
bars.

attr(”"x", (d) => xScale(d.foo))
attr("y”, (d) => yScale(d.bar))
style(“fill”, (d) => colorScale(d.baz));

// Animation is implicitly queued to run!

D3 Transitions, Continued

bars.
.duration(500) // animation duration in ms
.delay(0) // onset delay in ms
.ease(d3.easeBounce) // set easing (or “pacing”) style
attr("x"”, (d) => xScale(d.foo))
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D3 Transitions, Continued

bars.
.duration(500) // animation duration in ms
.delay(0) // onset delay in ms
.ease(d3.easeBounce) // set easing (or “pacing”) style
attr(”"x", (d) => xScale(d.foo))

bars. // animate elements leaving display
.style("opacity”, 0)  //fade out to fully transparent
.remove(); // remove from DOM upon completion

Easing Functions

Goals: stylize animation, improve perception.

Basic idea is to warp time: as duration goes from start (0%)
to end (100%), dynamically adjust the interpolation fraction
using an easing function.

44
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Easing Functions

Goals: stylize animation, improve perception.

Basic idea is to warp time: as duration goes from start (0%)

to end (100%), dynamically adjust the interpolation fraction
using an easing function.

ease(x) = x
(linear, no warp)

elapsed time / duration

Easing Functions

Goals: stylize animation, improve perception.

Basic idea is to warp time: as duration goes from start (0%)
to end (100%), dynamically adjust the interpolation fraction
using an easing function.

ease(x) = x ease(x) = s-curve(x)
(linear, no warp) (slow-in, slow-out)

0

elapsed time / duration elapsed time / duration
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easelnSine easeOutSine easelnOutSine easelnQuad easeOutQuad easelnOutQuad

A A A Ay A

easelnCubic easeOutCubic easelnOutCubic easelnQuart easeOutQuart easelnOutQuart
easelnQuint easeOutQuint easelnOutQuint easelnExpo easeOutExpo easelnOutExpo
easelnCirc easeOutCirc easelnOutCirc easelnBack easeOutBack easelnOutBack
easelnElastic /easeOu(ELastic easelnOutElastic easelnBounce easeOutBounce easelnOutBounce
http://eaSInq\/s."‘_net/ I _’/\/ /\_/\f /
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CSS Transitions

Extends CSS with Animated Transitions
af

color: black;
transition: color 1s ease-in-out;

}

achover {
color: red;

}

104
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http://easings.net/

CSS Transitions

Extends CSS with Animated Transitions

af Duration
color: black; [
transition: color 1s ease-in-out;

} l l
Property Easing

a:hover {
color: red;

}

105

CSS Transitions

Extends CSS with Animated Transitions

af{ Duration
color: black; |
transition: color 1s ease-in-out;

}

Property Easing

Animate color transition
achover {

color: red; upon mouse in / out.

}

106
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Summary

Animation is a salient visual phenomenon
Attention, object constancy, causality, timing

Design with care: congruence & apprehension

For processes, static images may be preferable
For transitions, animation has some benefits, but consider
task and timing
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