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Data Visualization
Making pretty pictures?
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Data Visualization

A cognitive process
Gain an understanding
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Visuals help us think

Provide a frame of reference, temporary storage area
Cognition — Perception
Pattern matching




Visualization’s Value

Need to make the case better externally




The Value of Information Visualization
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Abstract. Researchers and users of Information Visualization are con-
vinced that it has value. This value can easily be communicated to others
in a face-to-face setting, such that this value is experienced in practice.

To convince broader audiences, and also, to understand the intrinsic
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Information Visualization: Human-Centered Issues and Perspectives
10 Springer, 2008



Need for Visualization

Articulating value requires identifying purpose

Three stories...
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Instagram Visualization

Result for the hashtag  # cat with # <o

Popular photos

Muminer of photos per day (ohotos get-from AP, not the actual photo counts on Instagram
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Harry Callahan (Clint Eastwood)

“A man’s got to know his limitations.”
Magnum Force, 1973
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Thought

If you can articulate very precisely what you’re seeking,
visualization likely isn’t your best approach

OK, so what is visualization good for?



Applications of Visualization
Presentation Explanatory
Analysis Exploratory



1. Presentation
Communicate data and ideas
Explain and inform

Provide evidence and support
Influence and persuade
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Infographics
All the rage...



THE NUCLEAR ARMS RACE

It was the main issue in the Cold War when both America and Russia challenging
each other to increase their stockpiles of nuclear weapons.
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http://visual.ly/death-and-taxes-2014-us-federal-budget
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http://www.bloomberg.com/visual-data/world-cup
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The Times
June 12, 2014
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The Times
June 12, 2014
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The Times
June 12, 2014

GROUP G
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Frequent presentation goals
Clarify

Focus

Highlight

Simplify

Persuade

May just show a few variables
and/or a subset of the data cases



Simply presenting data visually can have a profound impact



My Class

http://www.cc.gatech.edu/~stasko/7450

% v rr.gatech:ech | i * - stasko 2 B 4 #

B Most Visited Getting Started 55 Where is the Start mae,. 55 Change the Starl men... l StartlsBack - moal start -ﬁ Limiara E T2

Home | Syllabus | Biblicgraphy | Assignments | Instructor | TA | Related courses | Resources | Fall *12 | Swiki

CS 7450 - Information Visualization

Instructor: John Stasko
Fall 2013

Wan, Wed 3:00 - 4;30 pm
\Whitaker Bldg. room 1103

Information visualization is a research area that focuses on the use of visualization technigues to help people understand
and analyze data, While fields such as scienbific visualization involve the presention of data that has some physical o
gecmetric comespondence, information visualization focuses on abstract data without such camespondences such as
symbolic, tabular, networked, hierarchical, or textual information sources.

The abjectives of the course are

» Leam the principles involved in information visualzation

o Laam about the vaniety of exssting technigues and systems in information visualization

» Develop skifls in cribquing different visualization technigues as applied to particular tasks
= Leam how to evaluate visualzation systems

» Gain a background thal will asd the design of new, innovative visualizations

The course will follow a lecture/seminar style with much discussion of assigned readings, as well as viewing of videos and
hands-on experience with research and commercial information visualization tools.

We will be reading recent research papers about the different course topics. In addition, we will be using one book for the

Edward Tufle, Graphics Press 1980,
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Gun ownership in New York counties
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An Inconvenient Truth

1000 Years of CO4 and Global Warming
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Gore made extensive use
of data graphics



2. Analysis
Explore the data
Assess a situation
Determine how to proceed
Decide what to do

37



Many Data Analysis Approaches
Statistics

Database & information retrieval
Data mining

Machine learning




“Contained within the data of any investigation is information
that can yield conclusions to questions not even originally
asked. That is, there can be surprises in the data...To
regularly miss surprises by failing to probe thoroughly with
visualization tools is terribly inefficient because the cost of
intensive data analysis is typically very small compared with
the cost of data collection.”

W. Cleveland
The Elements of Graphing Data



Frequent analysis goals
Show many variables
lllustrate overview and detail
Facilitate comparison

Display may not be easy to
interpret at first



Visualization most useful in exploratory data analysis
Don’t know what you’re looking for
Don’t have a priori questions
Want to know what questions to ask
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At Its Heart: Uncertainty

Nothing is perfect
Humans trade off choices, compromise

Cost Bedroom

b ...

BF" iOOK:I._" 5

Journey time

Attribute Explorer

Spence & Tweedie
Interacting with Computers ‘98




Thought
Even analysis is about effective communication
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Visualization’s Value?



Visualization’s Value?

V... = T+ 1+ E+C



Visualization’s Value?

T

Ability to minimize the total time needed to
answer a wide variety of questions about the data

(Without formal queries, Interaction really helps)



What kinds of questions?

III

“Low-level” tasks

Retrieve value

Filter

Compute derived value
Find extremum

Sort

Determine range
Characterize distribution
Find anomalies

Cluster

Correlate

Amar, Eagan & Stasko
InfoVis ‘95



Visualization’s Value?

Ability to spur and discover insights or
insightful questions about the data

(Would be very difficult with only the data)



What is Insight?

An individual observation about the data by the
participant, a unit of discovery

Complex
Deep
Qualitative
Relevant
Unexpected

Saraiya, North, & Duca
TVCG ‘05

North
IEEE CG&A ‘06



What is Insight?

Sudden grasp of new relationships that are

necessary to solve a problem and that were not
learned in the past

Bernstein, Penner, Clarke-Stewart & Roy
Psychology, 6t edition



What is Insight?

Is not spontaneous “aha!” moments (eg, in cognitive science)
Is knowledge-building and model-confirmation
Like a substance that people acquire with the aid of systems

Chang, Ziemkiewicz, Green, & Ribarsky
IEEE CG&A ‘09



Visualization’s Value?

E

Ability to convey an overall essence
or take-away sense of the data

(The big picture: Whole is greater than
the sum of the parts)



Overview and detail

Focus + context
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Rao & Card

CHI ‘94



Visualization’s Value?

C

Ability to generate confidence and trust
about the data, its domain and context

(Beneficial data analysis process side effects)



Some examples



2220 numbers
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New York Times, January 11, 1981, p. 32.

E. Tufte

The Visual Display of Quantitative Information
1983
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365
365
365
365
365
365

12

12

N

Data Values

High temp for each day

Low temp for each day

Avg high temp for each day

Avg low temp for each day
Precipitation for each day
Humidity for each day
Precipitation for each month
Avg precipitation for each month
Precipitation for the year

Avg precipitation per year
Highest temp (& day) for the year
Lowest temp (&day) for the year
Avg daily temp for the year

Avg daily temp per year



Visualization’s Value

NEW YORK CITY'S WEATHER FOR 1980
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Visualization’s Value

NEW YORK CITY'S WEATHER FOR 1980
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Visualization’s Value

NEW YORK CITY'S WEATHER FOR 1980
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Visualization’s Value

NEW YORK CITY'S WEATHER FOR 1980
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A month-by-month look at Atlanta’s weather in 2013 | ~ Georgia drought fades

Atlanta’s 2013 weather can be summed up in one wond = mm:hurﬂadﬂmmrlﬁ..ﬂMMHmlhm}nﬁﬂvﬁmnmhufmatrahfﬂmdumthe during 2013

waterlogged summer months, which had about twice as many rainy days as dry ones. Rain fellinto the city's official gauge at Hartsfield-Jackson International Alrport on 17 9
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on June 28 and Aug. 20, That's 32 less days of 90+ heat than in 2012, when the all-time record high of 106 was reached. hae 31,2008
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Map of the Market (old school)

Map of the Market - Hetscape
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Visualization’s Value
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Visualization’s Value
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Visualization’s Value
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Visualization’s Value

Map of the Market - Netscape
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3.

http://www.cc.gatech.edu/gvu/ii/citevis

CiteVis

InfoVis Citations

infovis0B--4015425 317 (24)
Hierarchical Edoe Bundles: visualization of Adjacency Relations in Hierarchical Data
Holten, .

Demo Stasko, Choo, Han, Hu, Pileggi, Sadana & Stolper
InfoVis poster ‘13
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Visualization’s Value

Info¥is Citations

| i |

infowis06--40154256 317 (24)
Hierarchical Edge Bundles: Visualization of Adjacency Relations in Hierarchical Data
Halten, D

w=T1T+1+E+C
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Visualization’s Value

Info¥is Citations

| i |

infowis06--40154256 317 (24)
Hierarchical Edge Bundles: Visualization of Adjacency Relations in Hierarchical Data
Halten, D

w=T+1+E+C
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Visualization’s Value

Info¥is Citations

| i |

infowis06--40154256 317 (24)
Hierarchical Edge Bundles: Visualization of Adjacency Relations in Hierarchical Data
Halten, D

w=T+1+E+C
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Visualization’s Value

Info¥is Citations

| i |

infowis06--40154256 317 (24)
Hierarchical Edge Bundles: Visualization of Adjacency Relations in Hierarchical Data
Halten, D

w=T+1+E+C
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Value
Not evaluation in traditional sense

HCl: Benchmark tasks

Visualization: Vagueness or absence of specific tasks
More about exploration and understanding

Pffft on evaluation.
Just build cool stuff.




STAR Report: Set Visualization
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Data Visualization 101

Problem:
You have a lot of data (& attributes) to understand

Do you?
Pack all the data into one complex representation

Spread the data into multiple coordinated views

Use interaction to reveal different subsets of the data *
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Constituents

Two key aspects of data visualization
Representation
Interaction

“The effectiveness of information visualization hinges on
two things: its ability to clearly and accurately represent
information and our ability to interact with it to figure out

what the information means.”
S. Few, Now you see it



Interaction is Vital

Engage in a dialog with your data

Fundamental nature: Equal sibling with representation or subordinate facilitator?
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Interaction
Why interact?

Intent

81

1. Select

2. Explore

3. Reconfigure

4. Encode

5. Abstract/Elaborate
6. Filter

/. Connect

Yi, Kang, Stasko & Jacko
TVCG (InfoVis) ‘07



Chad Stolper
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Interaction
Can we do more?

Employ interaction in a more fundamental manner
to strengthen the power of visualization
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. e http://www.cc.gatech.edu/gvu/ii/citevis
CiteVis

InfoVis Citations
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Hierarchical Edge Bundles: Yisualization of Adjacency Relations in Hierarchical Data
Holten, O.
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InfoVis poster ‘13
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Dust and Magnet
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Yi, Melton, Stasko & Jacko
Information Visualization ‘05



OnSet

Demo

http://www.cc.gatech.edu/gvu/ii/setvis/

Samples Compounds

OR 3 D A—Z [T

MNorton 9

AND

()

Morton 10

Morton 11
Mortan 12
MNorton 13
Morton 15
Moron 16
Ralph 42 Yushan 54 Taroko 45 [yushan 53| Trixie 53 Morton 17
MNoran 18
MNorton 19
Norton 20

MNorton 21

Sadana, Major, Dove, & Stasko



Interaction
What are the tools of interaction?

Traditional — Desktop: keyboard, mouse

New — Tablet: fingers and multitouch



TouchWave Selection Gestures

Baur, Lee & Carpendale Willett, Lan & Isenberg
ITS ‘12 EuroVis ‘14
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AVl 2014




http://www.cc.gatech.edu/gvu/ii/touch/

Moving to Tablets

Scatterplot

Video Sadana & Stasko

AVl ‘14
90



Key Open Problems in Visualization



Key Open Problems in Visualization

1. Assess and communicate value

V... = T+ 1+ E+C



Key Open Problems in Visualization

1. Assess and communicate value

2. Make the construction of visualizations easier

SketchStory Lyra

] ..
IR

T

- L

i T e

Satyanarayan & Heer
EuroVis ‘14

Lee, Kazi & Smith
TVCG (InfoVis) ‘13

93



Key Open Problems in Visualization

1. Assess and communicate value

2. Make the construction of visualizations easier

3. Address real world “big” problems
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N

Take Aways
Visualization is not for a few precise, concrete tasks

Exploratory data analysis
Presentation & analysis, related but different

Value=T+I1+E+C

Interaction provides power, use it



And finally...
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Thank you
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