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What is wrong with here and how can it be fixed?
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http://viz.wtf/post/154254744863/weapon-illegibility

Good: Data magnitude <=> Mark magnitude

If Bush tax cuts expire...

": BUSH TA.X CUTS EXP'RE Top tax rate
\A RS 40% 39.6%
35.0%
30%
20%
10%
8.01p B
qu\\ TOP STORIES " TECHMOM
DA :. 13:.@ 68 ‘,« 33 i;im 32 593 /‘.o'.w 52 © .32 ’ 0%

Now Jan. 1, 2013

[Flowing Data, 2012]

D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University 3


https://flowingdata.com/2012/08/06/fox-news-continues-charting-excellence/

Show when the baseline Is not zero

See also: "Tear Up Your Baseline" [RJ Andrews]
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[W. C. Brinton via RJ Andrews]
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https://medium.com/data-visualization-society/tear-up-your-baseline-b6b68a2a60f1
https://medium.com/data-visualization-society/tear-up-your-baseline-b6b68a2a60f1

Tufte's Lie Factor

e Size of effect = (2nd value - 1st value) / (1st value)
* | ie factor = (size of effect in graphic) / (size of effect in data)
* |n the graphic:

Lie Factor= —— =148
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[InfoVis Wiki]
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http://www.infovis-wiki.net/index.php?title=Lie_Factor

Avolid Chartjunk
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[T. Brey via A. Lex]
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http://dataviscourse.net

No Unjustified 3D

e Occlusion hides information
e Perspective distortion dangers
o [ilted text isn't legible

e Can help with shape perception

D. Koop, CSCI 627/490, Spring 2026
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Valigation at each level

@ Threat Wrong problem

v Validate Observe and interview target users

@ Threat Wrong task/data abstraction

@ Threat Ineffective encoding/interaction idiom

« Validate Justify encoding/interaction design

@ Threat Slow algorithm

¥ Validate Analyze computational complexity

S

f Implement system

v Validate Measure system time/memory
4

Validate Qualitative/quantitative result image analysis
Test on any users, informal usability study

« Validate Lab study, measure human time/errors for task

L

¥ Validate Test on target users, collect anecdotal evidence of utility

 Validate Field study, document human usage of deployed system

« Validate Observe adoption rates

[Munzner, 2014]
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Five Design Sheet Methoo

- |J. Roberts et al., 2016]
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Sheets 2-4
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Assignment 4

® [0 be announced soon
e Colormaps, geospatial vis, networks
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D3 Map examples

e Observable Notebook
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https://observablehq.com/d/2c34611fa3eea4a7

Project Designs

® Designs:

- Be creative!

- lasks should drive your design

- Dropdowns and hover interactions often make information less visible
e [Uurn In:

- Three Design Sketches

- One Bad Design

- Progress on Implementation
e Due Wednesday, April T
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Guidelines for Interaction Design
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INteraction

® [he view changes over time
e Changes can affect almost any aspect of the visualization
- encoding
- arrangement
- ordering
- viewpoint
- attributes being shown
- aggregation level
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INnteraction Overview

® Change over Time (® Navigate
. ¢ - Item Reduction - Attribute Reduction
®, @ ®
° ° o 2> Zoom > Slice
Geometric or Semantic . .
N ... *EEEE~
® Select ¢ ® ==== =
o
e °e » g. °°, > Pan./Translate > Cut
( o ‘. ) ‘. e » ..
> Constrained > Project

[Munzner (ill. Maguire), 2014]
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Sorting

o Allow user to find patterns by reordering the data
e Do this with tabular data all the time
e Note that categorical attributes don't really need sorting
- We can compare these attributes no matter what order
- Instead, sort categorical attribute based on an ordered attribute
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Example: LineUp

Demos Evaluation Window
= World University Ranking 2012 52 - 0
== EE#
'SUM (Academic reputation, Employer reputation, Faculty/student ratio, International faculty ratio, l‘ 'SUM (Academic reputation, Employer reputation, Faculty/student ratio, Citations per faculty, International faculty ratio, l‘
11.31% 32.16% 565% 5.65% 36.89% 26.23% 18.44% 461% 461%
Ra School Name Country r Academic reputation Employer Faculty/student ratio Inte Inte Rank r Academic reputation Employer Faculty/student ratio Citations per faculty Inte Inte
Filter: Filter: Separator
one> 1 out of 50 __--.__-_. b I b _III._--I |“ .|I|~ __--l-_-_. i I k) _Illl_--. ___-Illlll II!; illl..
1. Massachusetts Institute of Technology (MIT)  United States I 0 0 — I @49 s O
2. Harvard University United States _-—E- —| 2 _-——--
3. Yale University unied states [ 0 —
4. University of Chicago uned states [« 4
5. Universy of Peaneyaria urtos s I s i [ s
R 2 e urtossaes [ | s [ >< e
7. California Institute of Technology (Caltech)  United States IS 0 ' (2) 7.
8. Princeton University uned states [ 0 (2) 8.
g, University of Michigan United States 4 (+2) 9.
' (-1) 10.
11. Johns Hopkins University United States i 7 (+2) 11
12. Duke University United States ’ — 12.
13. Comell University United States ‘— (+1)13
14. Stanford University United States ' (+2) 14
15.  University of Wisconsin-Madison United States p‘g (+2) 15
16. Northwestern University United States ' <X A2
17. University of California, Berkeley (UCB) United States L %(-2) 17.
18. University of California, Los Angeles (UCLA) United States
19. Brown University United States
20. University of North Carolina, Chapel Hill United States
21. Boston University United States
22, University of lllinois at Urbana-Champaign United States
23, Washington University in St. Louis United States
24, University of Texas at Austin United States
25, University of Washington United States
26, Purdue University United States
27.  University of Pittsburgh United States
28, University of California, San Diego (UCSD) United States
29, Ohio State University United States
30, University of Rochester United States
31. Pennsylvania State University United States
32,  University of Maryland, College Park United States
33. University of Southern California United States
34, Vanderbilt University United States
35, Dartmouth College United States
36, University of Virginia United States
37. Georgia Institute of Technology United States
ag. University of California, Davis United States
39, Rice University United States
40. Emory University United States
Arts & Humaniti  Engineering & T  Life Sciences & [Natural Science | Citations per fac )
Sl -l Gratzl et al., 2013
L 1

D. Koop, CSCI 627/490, Spring 2026
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http://caleydo.github.io/projects/lineup/
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http://caleydo.github.io/projects/lineup/

Slope Graphs

e Connection marks
¢ | INnk the same item appearing In different rows

e Show changes for different attributes (parallel coordinates idea) but with one
highlighted item

e Also called bump charts

D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University 19



Animation: Jump Cut vs. Animated Transitions

Qb
Ké
Av
Ae
Qe
QY
Ad
Ké
KY
As
Jv
Q¢
K
J¢
T
Je

Ad
Qe
J
Qe
J¢
Qe
JY
Jé
Ke
K&
Qv
KY
Aé
Ke
AY
Aé

Qe
K
Ae
Jé
Qb
JY
Aa
T
Je
Av
Ké
QY
Ad
Q¢
KY
Ké

D. Koop, CSCI 627/490, Spring 2026

Northern Illinois University 20



Animation: Jump Cut vs. Animated Transitions
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Animation: Jump Cut vs. Animated Transitions
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Animation: Jump Cut vs. Animated Transitions
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Side-by-side views
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Animated Transitions

‘e Stacked N Grouped

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||| [M BOStOCk]
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http://bl.ocks.org/mbostock/3943967

Animated Transitions

‘e Stacked N Grouped

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||| [M BOStOCk]
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http://bl.ocks.org/mbostock/3943967

Animated Transitions

e "Jump cuts"” are hard to follow
o Animations help users maintain sense of context between two states
e Empirical study showed that they work (Heer & Robertson, 2007)
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Studying Animated Transitions

[Heer and Robertson, 2007]

D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University 24


http://vis.stanford.edu/papers/animated-transitions

Studying Animated Transitions

[Heer and Robertson, 2007]
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http://vis.stanford.edu/papers/animated-transitions

Design Considerations

e Based on Tversky et al.'s e Apprehension (Effectiveness):
Principles

- Minimize occlusion
- Maximize predictabllity
- Use simple transitions

e Congruence (Expressiveness):
- Use consistent semantic-syntactic

MappIiNgs .

- t t' - Use staging for complex
- MEsPecl semantic transitions

correspondence B

Avoid ambiauit - Transitions as long as needed, but
- Avoid ambiguity no longer

[Heer and Robertson, 2007]
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http://vis.stanford.edu/papers/animated-transitions

Experiment 1 (Syntactic)

e Object Tracking: Follow objects across a transition and identity the locations
of the objects In the final graphic

- lests: bar chart to donut chart, stacked to grouped bars, sorting a bar
chart, scatter plot to bar chart, timestep In a scatterplot

- Either a jJump cut or an animated transition
- Users plck highlighted elements after transition (measure #pixels from correct)

250

200 -
150 -
M Static
100 - M Animation
50 - E L Staged Animation
o L M

Bar to Donut Bar to Donut Stacked to Sort Bars (With  Sort Bars (No  Scatter Plotto  Zoom & Filter Timestep
(With Labels) (No Labels) Grouped Bars Labels) Labels) Bar Chart Scatter Plot Scatter Plot

[Heer and Robertson, 2007]

Average Error (in pixels)
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http://vis.stanford.edu/papers/animated-transitions

Experiment 2 (Semantic)

e Estimating Changing Values: Follow a single target across transition and
estimate the percentage change in value

- lests: axis rescaling + timestep animations
- In stacked bars, each stack level updates separately, donut charts are multi-stage

- Users asked to enter an estimate of change (increments of 20% from -90%
to 90% or click "?" for no idea)

0.3 - 70 -
< 8 60 -
i e W Static
= © 50 -
0.2 - =
) 2 40 - B Animation
g —

o~ 30 -

Q - T ~ Staged Animation
> + + e 10
< S l N: No Axis Rescaling

O O m T T T L é O - T II T lk T L |. 1 . .

' i Y: Axis Rescaling
Scatter Plot Grouped Bars Stacked Bars Donut Chart N Y N Y N Y N

Scatter Grouped Stacked Donut

[Heer and Robertson, 2007]
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http://vis.stanford.edu/papers/animated-transitions

Results/Conclusions

o User Preferences: Staged animation > animation > static transitions

M Static

M Animation

5-Point Rating

™ Staged Animation

Bar to Donut  Stacked to Sort Bars Scatter Plotto Zoom & Filter Timestep Timestep Timestep Timestep
Grouped Bar Chart Scatter Scatter Plot Grouped Stacked Donut

e Animation improves graphical perception
e Staging Is better (do axis rescaling before value changes)
e Avoid axis rescaling when possible

[Heer and Robertson, 2007]
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Change Blindness

¢ Nhttps:// www.youtube.com/watch?v=uO8wpm9IHSBO

| 1
4

'l

f

|

. —

I'm goin'gfite U’@iy@ folder
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https://www.youtube.com/watch?v=uO8wpm9HSB0

Change Blindness

¢ Nhttps:// www.youtube.com/watch?v=uO8wpm9IHSBO

| 1
4

'l

f

|

. —

I'm goin'gfite U’@iy@ folder
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https://www.youtube.com/watch?v=uO8wpm9HSB0

Selection

e Selection Is often used to initiate other changes
e User needs to select something to drive the next change
e \Vhat can be a selection target”
- ltems, links, attributes, (views)
e How"/
- mouse click, mouse hover, touch
- keyboard modifiers, right/left mouse click, force
® Selection modes:
- Single, multiple
- Contiguous?

D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University 30



Highlighting

e Selection is the user action
e Feedback is important!
e How" Change selected item's visual encoding
- Change color: want to achieve visual popout
- Add outline mark: allows original color to be preserved
- Change size (line width) S
- Add motion: marching ants 8 Detorey

$Z Dropbox

& DVD Player

Lo R R @ Emacs
w. FaceTime

I71 Filezilla

l |
' I @ Firefox
l |
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Highlighting

e Selection is the user action
e Feedback is important!
e How" Change selected item's visual encoding
- Change color: want to achieve visual popout
- Add outline mark: allows original color to be preserved
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- Add motion: marching ants 8 Detorey

$Z Dropbox

& DVD Player

Lo R R @ Emacs
w. FaceTime

I71 Filezilla

l |
' I @ Firefox
l |

D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University 31




Highlighting

Obama has 431 ways to win Romney has 76 ways to win

[5] Florida

B onio 0

Iz] North Carolina

IZ] virginia

5] wisconsin

Iz] Colorado

] lowa

5] Nevada

5] New Hampshire

Romney.w.l'ns. | | ) [NYTI meS]
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http://www.nytimes.com/interactive/2012/11/02/us/politics/paths-to-the-white-house.html

Selection Outcomes

e Selection is usually a part of an action sequence
e Can filter, aggregate, reorder selected items
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Responsiveness Required

e Delays are perceived by users

¢ \/isual feedback
- Show the user they did something (highlighting, etc)
- Interaction should happen quick!

e [ atency: mouse click versus mouse hover

e Popup versus detall displays
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INnteraction Latency

¢ [he Effects of Interactive Latency on Exploratory Visual Analysis,
/. Liu and J. Heer, 2014

e Brush & link, select, pan, zoom
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 500mMs added \atency causes S|gn|f|cant COst
decreases user activity and dataset coverage

- reduces rate of observations, generalizations, and hypotheses
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Navigation

o Fix the layout of all visual elements but provide methods for the viewpoint to
change

e Camera analogy: only certain features visible in a frame
- Zooming
- Panning (aka scrolling)
- [ranslating
- Rotating (rare in 2D, important in 3D)
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Navigation

> |tem Reduction > Attribute Reduction

= Zoom > Slice

Geometric or Semantic . .
. » ° ‘ . e ~» -~ ‘
o B 0 ‘ O —
= Pan/Translate

2> Cut
(o.o..) ‘o.... »‘o..

> Constrained > Project

0 A

[Munzner (ill. Maguire), 2014]
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/0oming

[M. Bostock]
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http://bl.ocks.org/3680999

Geometric Zooming

ol
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http://bl.ocks.org/3680999

Z00oming

M. Bostock]
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http://bl.ocks.org/3680999

Semantic Zooming
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http://bl.ocks.org/3680957

/0oming

e Geometric Zooming: just like a camera

e Semantic Zooming: visual appearance of objects can ¢

hange at different
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Navigation Constraints

e Unconstrained navigation: walking around in the world or an immersive 3D
environment

- Fairly standard in computer games to go where you want
- Constrained by walls, objects (collision detection)
e Constrained navigation:
- 3D: camera must be right-side up
- Limit pan/zoom to certain areas

- Comes up often with multiple views: want to show an area in one view that
corresponds to a selection in another view
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van Wik Smooth Zooming

van-Wijk,-2003,-M. Bostock]
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http://bl.ocks.org/mbostock/3828981

van Wik Smooth Zooming

van-Wijk,-2003,-M. Bostock]
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