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Visualization Tools & [rageoffs

e Fast, turnkey approaches
e Control over all visual elements

e You can use multiple tools! Think albout purpose
- Exploration
- Explanation (custom design, handle interaction)
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Scatterplot Matrices and Parallel Coordinates

[Munzner (ill. Maguire), 2014]
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Scatterplot Matrices and Parallel Coordinates

Scatterplot Matrix Parallel Coordinates
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Map with Two Variables
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Ireemaps

e Containment marks instead of
connection marks

® -Ncodes some attribute of the items
as the size of the rectangles

e Not as easy to see the intermediate
rectangles

e Scalability: millions of leaf nodes and
INks possible

e Need a layout algorithm!
- Slice-and-Dice vs. Squarify
- Viewing Hierarchy: Cushion Treemap
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https://observablehq.com/@dakoop/treemap

Avoid Rainbow Colormaps!

 —
llI of

[Borland & Taylor, 2007]
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Colormaps
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[Munzner (ill. Maguire), 2014]
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INnteraction Overview

® Change over Time ®» Navigate
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[Munzner (ill. Maguire), 2014]
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Animated Transitions

‘e Stacked N Grouped
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http://bl.ocks.org/mbostock/3943967

Animated Transitions

‘e Stacked N Grouped
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Multiple Views

(® Juxtapose and Coordinate Multiple Side-by-Side Views Data
- Share Encoding: Same/Different All Subset None
2> Linked Highlighting ‘
L .
|IIl . e . o Same Redundant I OVS;\;:"W/ .
. : _CE; .|||I Small Multiples

o

- Share Data: All/Subset/None = . .
UCJ IIlI v e 'III' Multiform,

’ I o B Different Overview/ No Linkage
Latll, .- e ° % Multiform e« o Detall

2 Share Navigation

. (® Partition into Side-by-Side Views
2 Spaln?

(® Superimpose Layers

[Munzner (ill. Maguire), 2014]
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Composite Visualization Technigques

1 2 3abcdefgh4 5 6 7 8

(d) Overloaded views.

(e) Nested views.

[W. Javed and N. EImqvist, 2012]

D. Koop, CSCI 628, Fall 2021

I%I Northern Illinois University 11



INntegration
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Nesting

CMU- Roth et al.

Eedersmil et al.
o

Slmﬂdemlﬁn et al. %
Plaisant et ﬁl

INodeTrix, N. Henry et al., 2007]
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Brushing
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Filtering and Aggregation

Reducing Items and Attributes Reduce
(® Filter ® Filter
2> Items EEEEE N=====
A m———
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el
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—————B N | | | |
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NN, [Munzner (ill. Maguire), 2014]
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Filtering using Widgets
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http://archive.nytimes.com/www.nytimes.com/interactive/dining/new-york-health-department-restaurant-ratings-map.html

Aggregation: Histograms

e \/ery similar to bar charts
e Often shown without space between

(continuity)
*g 15 e Choice of number of bins
2 10 - Important!
=5 . I - - Viewers may infer different trends based on
0 the layout

‘) ,\Q \% ,\9/ qf>
Weight Class (lbs)

[Munzner (ill. Maguire), 2014]
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Spatial Aggregation

[Penn State, GEOG 480]
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Aggregation: Boxplot

Box plot

I 2 4 b o 10 12 14 Tk 15 21
[C. Choonpradub and D. McNeil, 2005]
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Aggregation: Boxplot
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[C. Choonpradub and D. McNeil, 2005]
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Dimensionality Reduction: PCA

England N Ireland Scotland Wales
Alcoholic drinks 375 135 458 475
Beverages 57 47 53 73 400
Carcase meat 245 267 242 227
Cereals 1472 1494 1462 1582 3004 Wiales
Cheese 105 66 103 103 od &
Confectionery 54 41 62 64 N lreland

. 100 — relan
Fats and oils 193 209 184 235 England o
Fish 147 93 122 160 0 o o
Fresh fruit 1102 6/4 957 1137
Fresh potatoes 720 1033 566 874 -1004
Fresh Veg 253 143 171 265 200 —
Scotland
Other meat 685 586 750 803 o
-300 =
Other Veg 488 355 418 570
Processed potatoes 198 187 220 203 -400 , , , , , , , l
Processed Veg 360 334 337 365 -300 -200 -100 O 100 200 300 400 500
: cl

Soft drinks 1374 1506 1572 1256 ’
sugars 156 139 147 175

[Principle Component Analysis Explained, Explained Visually, V. Powell & L. Lehe, 2015]
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http://setosa.io/ev/principal-component-analysis/

Focus+Context

(® Embed
> Elide Data
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2 Superimpose Layer

2 Distort Geometry
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Reduce
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}

e
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1

[Munzner (ill. Maguire), 2014]
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-isheye Distortion

M. Bostock]
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http://bost.ocks.org/mike/fisheye/

Cartesian Distortion
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Cartesian Distortion
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1 he purpose of visualization is about Insight, Nnot pictures

— B. Shneiderman
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Visualization Research

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 25



Visualization Researcn

e (General Goals: "New visual displays, control panels, features, and workflows
that improve the capabilities of users."

e Perceptual and Cognitive Theories: help accomplish goals, guide design, aid
N development of new tools.”

¢ Fvaluation Methods:
- Quantitative and Qualitative
- Validate hypotheses, refine theories.

[B. Shneiderman, 2019]
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https://interactions.acm.org/blog/view/the-purpose-of-visualization-is-insight-not-pictures-an-interview-with-ben

Areas of Visualization Researcn

e [00ls that make It easier to create visualizations

e New encodings

o Knowledge from controlled studies of visualization effectiveness
¢ \/Isualization-based communication

e Studies of visualization use in the world

e Formal theories of visualization

e Applications (Schneiderman)

[J. Hullman, 2018]
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https://medium.com/multiple-views-visualization-research-explained/what-is-visualization-research-what-should-it-be-8840a9ba658

Tools that make It easler to create visualizations

e [ableau, Spotfire, D3 were all proposed and developed by visualization
researchers

e Not just create visualizations, but effective visualizations
e Current Trends:

- Web-based frameworks

- Declarative, more concise specification (Vega-Lite)

[J. Hullman, 2018]
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New Encodings

e Determine what cannot currently be done
e [hink about how new designs can show new, interesting patterns

this nation will rise up and live out the true meaning of its creed: "We hold these truths to be self-evident,

on the red hills of Georgia the sons of former slaves and the sons of former slave owners will be akhle to sit down together at

one day even the state of Mississippi, a state sweltering with the heat of injustice, sweltering with the heat of oppression, will be transfarmed into

that

down in Alabama, with its vicious racists, with its governor having his lips dripping with the words of interposition and nullification - one day

| haveadream

every valley shall be exalted, and every hill and mountain shall be made low, the rough places will be made plain, and the

rry four litte children will one day live in a nation where they will not be judged by the color of their skin but by the

down in Alabama, with its vicious racists, with its governor having his lips dripping with the words of interposition and nullification - one day
today . | have a dream that one day

every valley shall be exalted, and every hill and mountain shall be made low, the rough places will be made plain, and the

[[J. Hullman, 2018], Image: [Wattenberg & Viegas, 2007]
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https://medium.com/multiple-views-visualization-research-explained/what-is-visualization-research-what-should-it-be-8840a9ba658

Knowledge from studies of visualization effectiveness

TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE 5
100 4 100 4 1004 100 100 -
n E E
0- 0. od o oj
A B A B A B A B A B
Figure 4. Graphs from position—length experiment.
40
®
h
C
E
0
Q A B C D E

Figure 3. Graphs from position—angle experiment.

[Cleveland & McGill, 1984]
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Knowledge from studies of visualization effectiveness

[Padilla et al., 2017]
D. Koop, CSCI 628, Fall 2021 Northern Illinois University 31



Knowledge from studies of visualization effectiveness

e Controlled experiments often focus on visual building blocks

e Need not only very controlled, focused experiments. Can be impacted by
- Different encodings
- Framings
- User predispositions or prior beliefs

e Holistic studies of new visualization techniques

[J. Hullman, 2018]
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https://medium.com/multiple-views-visualization-research-explained/what-is-visualization-research-what-should-it-be-8840a9ba658

Supporting Visual Analytics

o Exploratory Data Analysis
 Sensemaking & Meaning-making
e |nterpretability of Machine Learning Models

[J. Hullman, 2018]
D. Koop, CSCI 628, Fall 2021 Northern Illinois University = 33



https://medium.com/multiple-views-visualization-research-explained/what-is-visualization-research-what-should-it-be-8840a9ba658

Visualization-based Communication
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[J. Hullman, 2018]
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https://medium.com/multiple-views-visualization-research-explained/what-is-visualization-research-what-should-it-be-8840a9ba658

Design Studies

e Studies of visualization in the world
e Often involve collaboration with domain specialists

e Specific problems in that domain that can provide lessons for other domains
as well

[J. Hullman, 2018]
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https://medium.com/multiple-views-visualization-research-explained/what-is-visualization-research-what-should-it-be-8840a9ba658

Formal heories of Visualization

e Grammar of Graphics
e Discrete/Continuous Taxonomy
e Algebraic Visualization

[J. Hullman, 2018]
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https://medium.com/multiple-views-visualization-research-explained/what-is-visualization-research-what-should-it-be-8840a9ba658

What should Visualization Research be about?

o "[V]isualization is a method for contextualizing data, enabling people to apply
thelr prior experiences and perceptual and cognitive abilities to draw
conclusions about phenomena in the real world" — J. Hullman

e Perception and cognition
e Not only that Vis A Is better than Vis B, but why

[J. Hullman, 2018]
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https://medium.com/multiple-views-visualization-research-explained/what-is-visualization-research-what-should-it-be-8840a9ba658

Visualization Research Boundaries?

o |nteractive illustration

o Satellite imagery

e Sketching and analogical reasoning

e Understanding aesthetics independent of analytical utility
e [ables

o Uncertainty Vis: Worse than Nothing?

[J. Hullman, 2018]
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https://medium.com/multiple-views-visualization-research-explained/what-is-visualization-research-what-should-it-be-8840a9ba658

Grand Challenges

o AMplifying human cognition in the exploration of data.
- Data science
- Explainable artificial intelligence
- Information visualization is vital to successtul outcomes for both topics.
o Improve storytelling capacity for the general public
® -ngage users to explore on their own
e Support researchers in understanding causality

e Shift from rationalism, which assumes that algorithms are the answer, to
empiricism, which assumes that continuous exploration, persistent
questioning, and vigorous dialog will promote a deeper understanding of our

world.
[B. Shneiderman, 2019]

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 39


https://interactions.acm.org/blog/view/the-purpose-of-visualization-is-insight-not-pictures-an-interview-with-ben

Shneiderman's Advice to a Ph.D. Student

e "Start by working on a real problem—one that you have or that you get from
someone else. Working on real problems leads to better theories and better
tools.”

[B. Shneiderman, 2019]
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