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Many Data Analysis Approaches
Statistics

Database & information retrieval
Data mining

Machine learning




Data Visualization
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Data Visualization

A cognitive process
Gain an understanding
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READINGS IN

I NFORMATION
VISUALIZATION

USING VISION

Visualization

“The use of computer-supported,
interactive visual representations of
data to amplify cognition”

TO THINK

WHRITTEIN AND LDITID By
STuarT K. CARD
Jock D. MACKINLAY
BEN SHNEIDERMAN




Visuals help us think

Provide a frame of reference, temporary storage area
Cognition — Perception
Pattern matching
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Applications of Visualization
Presentation
Analysis



1. Presentation
Communicate data and ideas
Explain and inform

Influence and persuade
Provide evidence and support

10



Infographics



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.guardian.co.uk/world/interactive/2012/may/08/gay-rights-united-states?fb=native

theguardian Your search terms... UK and World news -

News | US World | Sports | Comment | Culture | Business | Environment | Science | Travel | Tech | Media | Life & style | Apps | Data

Gay rights in the US, state by state B share | $72016
Gay rights laws in America have evolved fo allow — but in some cases ban — rights for gay, lesbian and W Tweet (2791
transgender people on a range of issues, including marriage, hospital visitation, adoption, housing, employment g1/ 7es
and school bullying. The handling of gay rights issues vary by state and follow trends by region i -

Email
* Obama supports same-sex marriage: share with us what it means to you
+ Gay rights: five activists reflect on the history of the movement in the US
* President Obama endorses gay marriage
Guardian in America interactive team E

guardian.co.uk, Tuesday 8 May 2012 11.12 EDT
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Simply presenting data visually can have a profound impact
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Gun ownership in New York counties
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Frequent presentation goals

Clarify
Focus
Highlight
Simplify

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



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

19



Many Data Analysis Approaches
Statistics

Database & information retrieval
Data mining

Machine learning

20



“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



Preconceptions about Visualization Utility

Answering specific questions and accomplishing specific analytic tasks
Generating unexpected, serendipitous discoveries and insights
“Finding a needle in a haystack”

Yes, but not what it’s best for

23



So what is visualization most useful for?

P

&
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1. Visualization is more than just answering specific questions about
data (as is often the case for automated analysis methods); it also
facilitates the investigative analysis process, which supports analysts in
developing awareness of, learning about, and generating trust
in their data, its domain, and its context.

Learning, awareness, trust, context



Learning

Awareness

Investigative analysis

26

Trust
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Carsten Gorg, Lrversily of Colorado
Younah Kang, Google

Thicheng Liv, Starford Uriversity
John Stasko, Georgia Tech

Intelligence analysts must explore and
evaluate volumes of data, from narrative
recordings of field agents to open source
newsarticles. Insightsfromvisualanalytics
projects and a hyp othetical scenario show
the potential of visual analytics to aid
these investigations.

ntelligence aralysis bas been a key application

domain for visual analytics since theU s Departm ent

of Homeland security created the National

Visualizaton and Analytics Center in 2004, Aninitial
research roadmap' described the challenges and goals of
this new domaim and identfied tasks. data and aralytical
scerarios focused on homeland security and terrorism
prevention. & passage from the roadmap character! zes the
prand challenge for visual analytics systems:

The analysis of overwhelming amounts of disparate
conflicting, and dynamic information is central 1o identify-
ingand preventing eme ring threais, pmtecting our borders.
and responding in the eventof an attack or other dissster.
This analysis process requires human juckiment o make
the best possible evaluation of incomplete. inconsistent, and
potentially deceptive infamation inthe face of mpidiycang:
ing situations io both deiect the expected and discower the
unexpectec

Visual
Analytics
Support for
Intelligence
Analysis

such of this challenge remains ? although visual
analytics lechnologles certalnly hold great promise. &
few commeraal visual analytics tools for intelligence
analysis are emerging, such as analysts ¥ otebook from
1N 12 @wwws I bm_com/softwar e/indusiryl2 software),
nspace from Sculus www.oculusinfo cominspac e, and
Falanir's sulle of systems www palanur com ) However,
continued progress depends heavily on gaiming a deeper
understanding of intelligence aralysis and the role of an
aralyst. as well as danilying how visual aralytics canhelp
Inwvestigators. Thesensights mustinformany designofany
wisual analytics system that alms to support intelligence
aralysis

TheInvestgative Sscenartos sidebar describes the kinds
of aralysls that are prevalent in the intelligence domain.
The scale. diversity.and complexity of the information to
be explored make suchanalyses cogritively demanding.
Information Is often rarative text. not quaniitative daia.
and as such 1s not as amenable o automat ed arelysis
Particularly challenging are the “pain points” in the
Intelligence process—the cost of scanning. recogrizing
i@ssessing). and selecting iems for further attention: a
lrmited attention span for evidence and hypotheses: and
the diffieulty of generating alternative hypotheses.s

Tobetter under stand requirem ents for visual analytics
support. we conducted a serles of research projects on
ntellipencearalysis. The projects. which spanned 200810
2013, Includean observaticnal study to better understand
the Intelligence analysis process and Its charact erlstics
During this tm e wealso developer Jigsaw (v wce gl ech

(OMPITER Published by the IEEE Com puter Soc ety 0B-2162/13/$31 009 2013 1HE

Gorg, Kang, Kiu, Stasko

IEEE Computer ‘13

Context
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2. Visualization, primarily through its interactive capabilities,
promotes a dialog of inquiry between analysts and their data by
allowing a diverse and flexible set of questions to be asked and
answered about a data collection and by spurring the generation of

new questions.

Q & A dialog through interaction



Engage in a dialog with your data

|EEE TRANSACTIONS ONVISUALIZATION AND COMPUTER GRAPHICS, VOL. 13, NO. 6, NOVEMBERDECEMBER 2007

Toward a Deeper Understanding of the Role of
Interaction in Information Visualization

Ji Soo Yi, Youn ah Kang, John T. Stasko, Member, IEEE, and Julis A. Jacko

Abstract—Even though intaractian is an impartant part of infarmatian visualization (Iriavis), it has gamered a relatively low laval
of attertion fram the Infovis community. A few framewarks and taxanomies of Infowis interaction techniques exist, but they
typically focus an law-level aperations and do not addrass the variety of benafts interaction provides. Afler canducting an
extansiva review af Infovis systems and their imeractiva capatillties, we propasa seven ganeral categonas of intaraction
techniques widely used in Irfavis: 1) Select, 2) Explore, 3) figure, 4) Encade, 5)

Cannad. Thesa ealegories are organized around a usars intant whiks interacting with a systam iathar than the low-laval
interaction techriques provided by a systom. The alegories Gan act as a framework to help disaies and evaluate intaracton
mwmamhupduylay adaeper and a sciance of irteractian

Indax T intaraction , taxanamy, visual analytics

+

. Select

. Explore

. Reconfigure

. Encode

. Abstract/Elaborate
. Filter

. Connect

N O ok WWN
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1 IntRooucTion
Information visulization (Infovis) systers, at their cre, appear ta
have two main companents: Topresentation and intemetion. The
Tepresentation component, whose Tats lie in the field of computer
graphics, concems the mapping from data to representation and bow
that representation is wadered on the disply. The intemction
companent invalves the dialog between the user and the system as
the user explores the data sct to uncover insights. The intemaction
companent's roots lic in the arca of human-computer intemaction
(HCD). Although discussed as two separate  compenents,
representation and interaction clearly are net mutually exclusive. Far
instmce; Interaction with @ system may activate a change in

. the two seem to compose
the two fandamenmal aspocts of [nfovis sysiems, and it scems
reasonable to comnsider what cach contributes 1o an ed-uer’s
experience.

We argue that the representaticn component has roeived the vast
‘majority of attention in Infovis rescarch. A cursory scan of a recent
conference procecdings or joumal issues in the area will uncover
many articles about new representations of data sets, but intemaction
is often relegated ta a secondary role in these articles. Interaction
rarely is the main foous of Tesearch effarts in the field, essentially
making it the “little bruther® of Infovis. In other werds, it is
avershadowed by the mare noteworthy representation aspects. A few
papers have mainly focused on the interactive aspects of Infovis (e.8.,
160, 15, 25,47)), but these are relatively uncommen when compared
to papers introducing new data representations.

Interaction is_an essential part of Infovis, hawever. Without
interaction, an Infovis technique ar bocomes a static image ar
autonomeusly mimated images (c.g., InfoCanvas [26]). While static
images clearly have analytic amd expressive value (c.g., [8, 29, 461,
their uscfulness becomes more limited as the dat set that they
represent grows larger with more variables. Actually, even with @
static image such as a paster, 2 user {or a reader) will often perform
several interactions {e.g., rotating the poster, looking closer/further,

& 1 500 ¥ is with Fealth Sysians Isdtite & H. Mibon Siewars Schodl of
inchustriol aunl Syviems Englncering, Geangla Insitute of Fechmology, E-
Ml v s geaoed oche.

® Kouon ait Kearg condd Jrkon . Staske ave wih Schood of Dereesive Computing
& GVU Caner; Geargla bestriis of Toc volagy, E-Mall:
harng: I Emsid gasee e and serskoi@oc. garech.edic

» diedio A .hlhf! uiﬂrMASplm!ﬂmfldg m Warilere F. Cauelter

lameliced Engineering, & Coilege of Compueing, Georgla
Enstluee aﬂ&mmﬂ & Emary y..mm ENt ool e hech

Mt seoivad 31 March 2007, acospi | August 207, pestad anlne
27 Qctober 2007. Published 14

Fer informatien on ebtaining reprinis of his anick, please send e-mail 1o
W ong.

and jotting down notes on the paster). Spence even suggests the
notin of “passive interaction” through which the wser’s mental
model e the data set is changed or enhanced [38] Finally, through
interaction, same limits ofa representation can be overcame and the
cognition of a user can be further amplified (c.g., [15, 29]).

The importance of interaction and the need fir its Rurther study
seem undisputed. For example, the recent book Muminating the
Path: The Research and Development Agenda fir Visual Analytics
calls for further research an interaction

“Recommendation 3.3: Create a mew science of
inferaction to support visual analyfics. The grnd
challenge of interaction is to develop a taxonomy to describe
the design space of intemction techniques that supports the
science of anaytic reasoning, We must characterize this
design space and identify under-cxplored areas that are
Televant to visual analytics. Then, R&D should be focused on
expanding the epertoire o interaction techmigues that can fill
+hose gaps in the design space.” ([45], p. 76}

This recommendstion concerns visual analytics which is not
equivalent to Infovis, but the twa clearty shire much in common and
the motivation for this call can equally be applied to Infovis:

While we belicve thit few would argue with the merits of the
goals in the recommendation, preciscly defining what is being called
for is ot so casy. What decs it men to create a “science of
interaction” in visual malytics and Infvis? The recommendation
speaks of developing a taxonomy of interaction techniques and
ikoiying ke cxplnmel oo e egeor, e bl
cfferts, but we belicve that a science of interaction alsa should
invelve gaining a deeper understanding of the utility and valoe of
interaction in these ficlds. What docs intemction contibute to the
analytic process?

Far that matter, we might mise questions about the nature of
interaction itself. In the cantext of Infavis, what is interaction and
interactive behaviar? Operations such as moving a dynamic query
slider [3] to naraw the setof data points being shown «r sclecting m
altemate paint in a fisheye view [19] o change the facus seem like
clear examples of interactive behavior. But cansider a system where
the user selects & mem operation to change from a scatter plot to &
parallel coondinates of the data. Is that interaction?

The purpase of this article relates to the Teommendation fom
filuminating the Path that was discussed above. Defining a science
of interaction is a lofty goal and we do nat purpart to do so here, but
we da seek to take some initial steps toward that goal. O objective
is to further cument understandings of the role that intemction plays

by

Yi, Kang, Stasko, Jacko

TVCG (InfoVis) ‘07



3. Visualization rapidly and efficiently facilitates flexible exploration of
data to foster both a broad and deep understanding of the
information contained therein.

Broad and deep understanding quickly



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

30



Visualization of different data types

* Text & documents

* Statistics

e Financial/business data
* Internet information

e Software



Visualization of different data types

 Text & documents

e Statistics

e Financial/business data
* Internet information

e Software



Why Visualize Text & Documents?

For what purpose(s)?
Accomplish what tasks?
Help with which problems?



Example Tasks and Goals

Which documents contain text on topic XYZ?
e  Which documents are of interest to me?

* Are there other documents that are similar to this one (so they are
worthwhile)?

 How are different words used in a document or a document collection?
 What are the main themes and ideas in a document or a collection?
Which documents have an angry tone?

 How are certain words or themes distributed through a document?

* |dentify “hidden” messages or stories in this document collection.

e Quickly gain an understanding of a document or collection in order to
subsequently do XYZ.

*  Find connections between documents.



The Challenge

Text is nominal data
Does not seem to map to geometric/graphical

presentations as easily as ordinal and quantitative data
- Bar charts, line charts, scatterplots, etc.



Barack Obama, 2011
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“Putting the pieces together”

Jigsaw
Computational analysis of documents’ text
Entity identification, document similarity, clustering, summarization, sentiment
Multiple visualizations of documents, analysis results, entities, and their connections
Views are highly coordinated

37



Academic Papers

Designing and Implementing an Interac
Scatterplot Visualization for a Tablet Con

Ramik Sadana
Georgia Instituts of Technology
ramik@gatech.edu
ABSTRACT

Table: computers now offer scem sizes md computng
et e i e e O

application usiag 3 specific sechuique, a dyCamic scanesplor, for

mibad

Categories and Subject Descripters
ion Interfaces and Presentation]: Genersl

General Terms

‘Design, Alzoritms, Human Factors.

Keywords

Information. vismslization, smli touch imreraction, scaterplot,

tablet computer, gesrure.

1. INTRODUCTION
The popularity of tablst compuers has grown remendously in
recent years. Devices such ss the Apple Pad, Amazon Kinde,
a

sales tody aad 3 wid varsty of pplications bave beea tailorad
1o tabiet platiom. However, cne area with Jjust 3 few mital
applications. for whlers is information. v ‘Thouzh
‘populsr commercial systems such a5 Tebleau &nd Spotfire have
Eeeaduces bl ersins. it o e year, e s sl
foel mmch e pont of 8 desktop applicaon They do 2ot yet

John Stasl

Georgia Institute of T
stasko@ce.gate

objects 1o select and manipulase,

visuslization

Ievesage the sat based inferfaces
plm\dsmddnmnﬁslnnhmﬂhmmmmﬁmmmemk
of othes tablet applications.

We speculate that the linuted development of mformation
visaliztion pplicasions for abies by esuied Som e

in dsm visuslizstion, incinding the

vantege of i o adcvess ﬂnh

tablets sill provide & smaller screen size iyt
i visuslization. more mponamy, informsion
wisnalization spplications penenlly heve mamy small visual
‘Permsson to make diginl or Bard copess of all ar part of s wodk for
‘persoual o classroocs use i granted without e provided ot copiss a2
oot

£l ohibor op fe ret pase. Copynghts Sn

honored Absmacting with credit is permined To Copy othernise
b b post e o o e 0 s, requrs o
TS S T e Lo Tnly

Copmge s bed by

the Juthors. Bublicaion rights lcensed o ACM.
TS

The conuons o out work ¢
sections of this By smdyiny
inapl ofa dm
St of ks . emactive cperion
would support (Section 3). Next, we !
iy ey e
dasien (Sacton 4) W uitmaraly ¢
‘muli-touch operations for each fask
for each, propose multiple potentis
mamy of the in 2
application for the iPad (Section 5). 1
‘papes zasy aot cowvey all tie operai
3 licatior
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Example

Made each page into a separate “document”

585 in total
9/1 1 Entities: Person, Location, Organization, Date, Money
COMMISSION
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Download for free

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

©

People

sbout

Projects

Publications.

Resources

Talks

Videos.

igsaw - Visual Analytics for Investigative..| +

& @ wnce gatechedu/guifjigsan <

(8 Most Visited @ Getting Started I Marietts N Traffic A1 {1331 [ | 4801 A 7450 A Zimbra

Pl A

T2 M Gmail B8 vis 2013 [ JazzRadio B KPLU kox Soccer & MHills I¥] ihmga » [ Bookmarks
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Jigsaw Home | System Views | Video Tutorial | Example Document Sets | In the News | VAST '07 Contest | Getting Jigsaw

Jigsaw: Visual Analytics for Exploring and Understanding Document Collections

Team Members: John Stasko, Carsten Gorg, Zhicheng Liu, Youn-ah Kang, Chad Stolper
Alumni: Meekal Bajaj, Alex Humesky, Mohit Jain, Jagyeon Kihm, Vasili Pantazopoulos, Neel Parekh, Roger Pincombe, Kanupriya Singhal, Gennadiy Stepanoy, Xin Sun,
Sarah Wiliams

WACTIVE

O DOWNLOADS
Tutorial Videos - Instructional videos for learning how to use the system
InfoVis/VAST Papers Video (2012) - Academic papers exploration (18 MB mov)
Car Reviews Video (2012) - Reviews of Hyundai Genesis (8 MB mov)
Wine Reviews Video (2011) - R. Parker reviews of Tuscan wines (35 MB mov)

N CHI Papers Video (2010) - CHI conf papers scenario (Flash, 46 MB mp4)

BioJigsaw Video (2010) - Genomics application (Flash, 53 MB avi)
Tutorial Video (2009) - More details about views (11 MB mov)
Overview Video (2007) - Introduction to system (20 MB wmv, 32 MB mov)

B FAFERS
Full papers:
Download Now ‘ Combining Computational Analyses and Interactive Visualization for Document
E ion and ing in Jigsaw - TVCG 2013
Examining the Use of a Visual ytics System for ing Tasks: Case

Studies with Domain Experts™ - TVCG 2012

How Can Visual Analytics Assist Investigative Analysis? Design Implications from
an Evaluation - TVCG 2011

Visualization and Language Processing for Supporting Analysis Across the
Biomedical Literature - KES 2010

Combining Computational Analyses and Interactive Visualization to Enhance
Information Retrieval - HCIR 2010

Evaluating Visual Analytics Systems for
Principles from a Case Study - VAST 2009

Jigsaw: Supporting Investigative Analysis through Interactive Visualization -
Information Visualization 2008

Evaluating Visual Analytics at the 2007 VAST Symposium Contest - IEEE CG&A

Analysis: Deriving Design

igsaw Downlozd Page | Visual Analytics

¢/ 8

& @ vwvjigsaw-analytics.net

[ Most Visited (@) Getting Started [Lg Marietta I Traffic @ 1 {7} 1331 {7} 4801 ¥ 7450 g Zimbr:

search

Jigsaw Download Page

Visual Analytics for Exploring and Understanding Document Collections

Download

For more information on the system, please see the Jigsaw Home Page.

Please register to download Jigsaw. Your information will not be disclosed to any third
parties. We will only use your contact data for updates on new versions of the system and
for potential questions about system utility and feedback

Current version: 0.51

Name =
Affiliation =
Email *

How did you hear about Jigsaw? *

Ladih

2 [V Grnail B8 15 2013 [ JazzRadio ] KPLU Fox Soccer @ MHills B ihmga > [E3 Bookmarks

n

2008
Jigsaw: Supperting Investigative Analysis through Interactive Visualization -
VAST 2007
[] | agree with the license *
Aostacs R
Jigsaw: L for Investigative Analysis VacViews article o a
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Applications

Intelligence & law enforcement

— Police cases
— Won 2007 VAST Contest

— Stasko et al, Information
Visualization ‘08

* Academic papers, PubMed
— All InfoVis & VAST papers
— CHI papers
— Gorgetal, KES ‘10
* |nvestigative reporting
* Fraud
— Finance, accounting, banking
* Grants
— NSF CISE awards from 2000

Topics on the web (medical
condition)

— Autism
Consumer reviews

— Amazon product reviews,
edmunds.com, wine reviews

— Gorgetal, HCIR10
Business Intelligence

— Patents, press releases,
corporate agreements, ...

Emails
— White House logs
Software

— Source code repositories
— Ruan et al, SoftVis ‘10



Further benefits of visualization

Ease of specifying queries
Opportunistic discovery of relevant data
Spurs the generation of new questions



EuroVis ‘14 Capstone Talk

S030IA 40N

uroVis ‘14 Capstone v
une 13, 2014 .

The Value of Visualization... . 7
and Why Interaction Matters

John Stasko

School of Interactive Computing

Georgia Institute of Technology

stasko@cc.gatech.edu

- > Georgia olleamw ol

EuroVis 2014: Capstone: The Value of
Visualization...and Why Interaction Matters

VGTCommunity === iMovie
Capstone Speaker: John Stasko, Georgia Institute of Technology

Abstract: Visualization researchers need to do a better job communicating the value of our field externally. Visualization, by its
very nature, provides inherent challenges to doing this. In this talk | will explain thes llenges and articulat ws on the
value of visualization, including its unique capabilities for data presentation and ar s. | will describe the advantages of
interaction, and discuss in depth why interaction is so important to our field anc v it has been under-utilized to date. Finally, |

sent a mber of new interact s and hniaues that can be inte ir future svs

Read More...

v Follow ~% Stats + Download

http://vimeo.com/98986594
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Take Aways
Presentation & analysis

Interaction provides the power

Exploring & developing questions
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Apaut The Information Interfaces Group, an HCI research group in the School of Interactive _

Feopis Computing at Georgia Tech, develops computing technologies that help people take
Projects advantage of information to enrich their lives. In June, John gave the Capstone lecture (replay, slides) at the EuroVis 2014 Conference.
PubBcations Meore about the lab approach We presented a paper about our work on touch interfaces for infovis on tablet computers at
mProjects AVI 2014 in Lake Como. taly in May.
Resourcas
s R Jigsaw This summer, lab students are interning at Microsoft Research, Google, and Twitter, among
other places.
_— Using visualization and visual analytics to help analysis and SENSeMaking  [Jacomsones P =
on text document collections. Wreens We had papers about Ploceus and our study of visual analytics for intelligence analysis
CiteVis appear in the first two 2014 issues of the information Visualization journal.
Exploring conference paper citation data visually. é::l‘::oms John was named to be an IEEE Fellow in Jan. 2014.
roetns
In November, John was appointed as an Henorary Professor in the School of Computer
Touch Interaction Science at the Univ. of St. Andrews in Scofland.
|§| Developing interaction technigues for visualization on touch-based tablet Wacuve
and mobile devices. Wrreees We presented a paper about visualizing social and communicative behaviors at VAHC "13 in
November.
Social Media Visual Analytics A journal paper about how Jigsaw combines computational text analysis with interactive
] i ; -
H_elpln_g p_eople analyze and l_Jnderstand soclal media through Ineractive I:::::tls visualization appeared in the Oct. '13 IEEE TVCG issue, and was presented at one of the VIS
visualization and other technigues. 43 TVCG sessions

Behavis

Using visual analytics to help psychologists explore social and Wactive Il Lab - Visit our lab
communicative behaviors. Wrreees CS 7450 - InfoVis Class

VACCINE Center
FODAVA Center

Rosemary
Building novel interactive visualizations without programming. Wactive
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SetVis o _ . Wactve AT A TEACUP.
Exploring boolean set data through visualization and direct manipulation. DoounLonns
Wrreens

Sports Data Visualization
Visualizing sports data to help people understand, analyze, and predict =::1:1lg
sporting events.

- School of Interactive Computing

dotlink3&0 -- College of Computing

Analyzing and exploring converging business ecosystems through visual =:::::= — GVU Center

analytics. - Georgia Tech

Ploceus Research supported in part by grants from the National Science Foundation (11S-1320537),
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