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Interdisciplinary research community
- Computer Science & Info Studies
- Psych, Socio, Poli Sci & MITH

(www.cs.umd.edu/hcil)
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Scientific Approach (beyond-useirfriendiy)

* Specify users and tasks

® Predict and measure
* time to learn
* speed of performance
* rate of human errors
°* human retention over time

® Assess subjective satisfaction
(Questionnaire for User Interface Satisfaction)

®* Accommodate individual differences
® Consider social, organizational & cultural context
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Design Issues

® Input devices & strategies
* Keyboards, pointing devices, voice Tk
* Direct manipulation
° Menus, forms, commands

® QOutput devices & formats

* Screens, windows, color, sound
° Text, tables, graphics
* Instructions, messages, help

o Collaboration www.awl. COHI/DTUI
® Help, tutorials, training
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Design Issues

® Input devices & strategies
* Keyboards, pointing devices, voice
* Direct manipulation ’
° Menus, forms, commands

® QOutput devices & formats

* Screens, windows, color, sound : & oW
. DESIGNING THE USER INTERFACE
¢ TeXt, tables, g raph ICS Strategies for Effective Human-Computer Interaction / 5th Edition

* Instructions, messages, help
® Collaboration & Social Media www.awl . com/DTUT
: .. Fifth Edition: March 2009
* Help, tutorials, training i =aiton: Hare

® Search & Visualization Hcip

Ben Shneiderman & Catherine Plaisant




U.S. Library of Congress

erican Memory

Historical Collections for the National Digital Library

®* Scholars, Journalists, Citizens

® Teachers, Students
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Visible Human Explorer (NLM)

Quit Subject Image Type About..,. Help...

—Overview — Image Select

®* Doctors

®* Surgeons

Retrieve Full-Size Image,..

® Researchers

® Students

—Range Select

Top:

Copyright {c} 1995

Human-Computer
Interaction Lab

University
of Maryland
at College Park

L

[

Local Image Directorys Images: 309 MBytes: 2201

F-_.

/tmp/vhinages Retrieve Full-Size Images...




NASA Environmental Data

Global Change Master Directory

Query Preview

® Scientists

melect attributes of inf
by clicking on map at

®* Farmers

®* Land planners

Topic Selection: Year Selection:
Atraosphere 2151 Prehistonic |0
O Biosphere 1083 | 0001 - 1699 | |21
u e n S Cryosphere [313 1700-1799 | |51
Hurnan Diraensions | 595 1800 - 1849 |91
Hydrosphere |643 1850 - 1899 |283
Land Surface [202 1900 - 1929 409
Oceans 1321 | 1930 - 1939 415
Paleoclimate [120 1940 - 1949 | 498
Radiance Or Imagery [732 1950 - 1959 | 711
Solar Physics [113 1960 - 1969 972 |
Solid Earth [429 1970 - 1979 1649 |
Mot Specified 1920 - 1989 2445
1990 - 1999 2391
Mot Specified [644




Bureau of the Census

®* Economists, Policy
makers, Journalists

®* Teachers, Students

American FactFinder”,
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NSF Digital Government Initiative

NCHS,

BLS, EIA,
NASS, SSA

* Find what you need
® Understand what you Find
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www.ils.unc.edu/govstat/
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International Children’s Digital Library

¢
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INTERNATIONAL CHILDREN’S DIGITAL LIBRARY

A Library for the World's Children

Need help?

Read books!

QUICK LINKS

mylCDL Account
= Register / Sign in
= Select lanquage

For first-time visitors
= Mission & summary

= General FAQ

For returning visitors

= Recently added
books

For book contributors

= Contribute books

= Policies and
statements

= Scanning instructions

For researchers
= Fast facts

= Papers
= Presentations

For volunteers
» ICDL Ambassadors
= Translators

www.childrenslibrary.org

About us Sponsors How to contribute

QD

O Q

®

Simple Search

Simple search Location search

Our Mission

We are a library that provides free access to children's
books from around the world. By ensuring access to
books from many cultures and in diverse languages, we
foster a love of reading, a readiness to learn, and a

9,

Three to Five

Six to Nine
response to the challenges of world illiteracy. @
We invite you to explore our growing library and e

learn how you can_contribute to our efforts.

©

FEATURED BOOKS Make Believe Books

Colorful illustrations with Jeanette Marin
May 8, 2006 Selected by Jeanette Marin, a student at the
Universitv of Marvland. Jeanette has three dauchters

O,

True Books

L:
m

@

Rainbow Covers  Red Covers Orange Covers  Yellow Covers  Green Covers Blue !
French v |=16 books
=

ﬁuou

ELJEAN
T i

Aliou and Jean The amazing adventures of The baby's doll

French French French

Il be a stuntman! I'm good at French .

French - Germ.

A big little girl Collection of 150 prints o
French French French

@0 OF

Short Books  Medium Books Long Books Award Winning  Fairy T:
Books Folk
Keywords in| English v | Search




Information Visualization

The eye...

the window of the soul,

is the principal means

by which the central sense
can most completely and
abundantly appreciate

the infinite works of nature.

Leonardo da Vinci
(1452 - 1519)
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Using Vision to Think

Visual bandwidth is enormous READINGS IN
I NFORMATION

* Human perceptual skills are remarkable
VISUALIZATION

« Trend, cluster, gap, outlier...
« Color, size, shape, proximity...
° Human image storage is fast and vast

Opportunities

* Spatial layouts & coordination

* Information visualization

* Scientific visualization & simulation
* Telepresence & augmented reality WA B

STUART CARD

* Virtual environments JOCK MACKINLAY

BEN SHNEIDERMAN

USING VISION

ro THINK
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Spotfire: Retinol’s role in embryos & vision
®

© Cell Cycle siRNA Plate 1| - Spotfire GE Healthcare DecisionSite

JEiIe Edit View Visualization Data Tools Guides Window Help ‘

=1 |z | o | | = =
[ola||zsd|(g|ea|w ||teueoxrme ||Bleos ||€:=||da |
Guides P [ [B]X] [ClMerpho ]|
— - ~
Contents > Simple Plate 2 ’| |4l Nuclear Testure v =
Map Visualisation © CCND2
& CCNB2
> CCNB1
G1 Cells CCNDL
CCNE2
GE Healthcare ORCIL
% Plate Map COC25C
Yisualisation
Guide :i:;n
CDKNZD
REP1 12
Plate Map Yisualisation L. RBLZ L [ T
This guide will create plat \ ke i
is guide will create plate VA 3
views from IN Cell data that g \. LT 1 TP73L TP73L =
have been transferred using \ L1 L coce 4
the Spotfire Connect utility. 14% 2 4 | [ CCNGL
The guide is based on v AT \ L
individual object data and [P PCNA 1322
assumes that two colurnns | = =
called wellR and WellC exist v J N 1 |
to describe the plate ks
iti 1 G1 Cells
position, 1
% 1.0387596... 1.786666EE...
Each plate map can be 05 » 4
configured further using the = —
Properties dialogue. N Nuclear Area
e cells 1.971544
Open demonstration data y P
and Display table 0. I I R |
Micronuclei
Opens the 0 4.9425 |
demonstration data ,ﬁ
saved with the Guide "
and displays a table. P \ <
Displaying the table is Nuclear Texture 0.2 Ik - ) Y, ~ Nuclear Texture )
an optional step 04 "-~-¢ ~Z. A D I
showing that the 6  “va N i etails-on-Demand .ﬂJ‘
above action link - o el ST~ " |
does actually load the Al .8 - A FE;LL\ \F/alue ||
data. Afternatively 4D 4 cels v
you can use the ' D KT | Q;Inr&n ;‘%m
Spotfire Connect il
utility to transfer data Plate Map gill[s: " 1&2%2333333
from IN Cell ells .
Investigator. A Nuclear Area 0.98185
Micronuclei 2.3025
Next B Nuclear Texture 1.015828347...
[ 1
o Alx|
E Plate Map |
F Color by G1 Cells:
G L2 2% 52 0 1.78666666...
T % 2 5 o3
88 =534 [ |
H—8—8—— - &6 6 6 6 6 -5 S
3 5=" Size by Cells <
‘ ; ‘ 2= 0 1322
2 4 3 8 10 12 g
. c000® HCIL
Connected to 19924414338 [[14 PlateMap _ [BBJLL 00 [cdiniosc

Ready — \59 out of 96 records visible (61.46 %), 0 marked



Spotfire: DC natality data

O dcnatality4 - Spotfire DecisionSite 8.0

‘Eile Edit Yiew Visualization Tools Window Help
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|Pie Chart Q@@ Query Devices :lll
5 Place or facility of birth »~
= .
3 . 49% [V A Residence
2| white] Male: 47% ¢ Female: 53% . Male: 50% @ Female: 50% Malo: 51% . Female: 49 ¥ Clinic or Doctor's office
- "
é [V Hospital
. Female; 49% Female: 45% ¥ Other
emale; 49% o Ao, emale; 45%
> Black-{ Male: 51% + Male: 51% ¢ Female: 49% Male: 55% e Age of Mather
10 50
Asian / Female: 46% = -
Pacific . i * . Male; 52% ¢ Female; 48% Race of Mother
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[V American Indian
Americ [V Asian / Pacific Islander
Indianm- T T T T [V Black
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. (ALL
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100M-pixels & more

Large displays
for single users

infovis.cs.vt.edu/gigapixel



100M-pixels & more




Information Visualization: Mantra

®* Overview, zoom & filter, details-on-demand
®* Overview, zoom & filter, details-on-demand
®* Overview, zoom & filter, details-on-demand
®* Overview, zoom & filter, details-on-demand
®* Overview, zoom & filter, details-on-demand
®* Overview, zoom & filter, details-on-demand
®* Overview, zoom & filter, details-on-demand
®* Overview, zoom & filter, details-on-demand
®* Overview, zoom & filter, details-on-demand
®* Overview, zoom & filter, details-on-demand

HCIL



Sci1Viz

InfoViz

Information Visualization: Data Types

® 1-D Linear
* 2-D Map
* 3-D World

® Multi-Var

®* Temporal
DataMontage

° Tree
® Network

Document Lens, SeeSoft, Info Mural
GIS, ArcView, PageMaker, Medical imagery
CAD, Medical, Molecules, Architecture

Spotfire, Tableau, GGobi, TableLens, ParCoords

LifeLines, TimeSearcher, Palantir,

Cone/Cam/Hyperbolic, SpaceTree, Treemap

Pajek, JUNG, UCINet, SocialAction, NodeXL

HCip



ManyEyes: A web sharing platform

explore Sign in
visualizations
data sets

Try Our Featured Visualizations!

comments
U.S. Overall Violent Early magazine Harry Potter is World of Warcraft
participate Crime Rate per content Freaking Popular Top 100 Item Drops
create visualization 100,000 Popul... by Mob

upload data set

learn more
gallery & tour
visualization types
data format & style Mhy linois?
about Many Eyes 1% fictio
FAQ

by Martin Wattenberg
contact
contact us

k out the
' Eyes Blog

Welcome to the alpha version of Many Eyes!
View your data, ask questions, and share your discoveries.
Harness the collective intelligence

ma ny eyes of the net for insight and analysis.

for shared visualization and discovery

brought to you by =

http://services.alphaworks.ibm.com/manyeyes/app HCIL



Business takes action

®* General Dynamics buys MayaViz

* Agilent buys GeneSpring

* Google buys Gapminder

® Oracle buys (Hyperion buys Xcelsius)
® Microsoft buys Proclarity

® InfoBuilders buys Advizor Solutions

* SAP buys (Business Objects buys
Infomersion & Inxight & Crystal Reports )

® IBM buys (Cognos buys Celequest) & ILOG
* TIBCO buys Spotfire

HCip



Treemap: view large trees with node values

o
+ Space filling
-+ Space limited
-+ Color coding
+ Size coding

= Requires learning

TreeViz (Mac, Johnson, 1992)

NBA-Tree(Sun, Turo, 1993)
Winsurfer (Teittinen, 1996)

Diskmapper (Windows, Micrologic)

SequoiaView, Panopticon,
HiveGroup, Solvern
Treemap4 (UMd, 2004)

(Shneiderman, ACM Trans. on Graphics, 1992 & 2003)
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Treemap: Stock market, clustered by industry
®

‘ J Address Ié"ﬂ http: /v, smartmoney.com/marketmap/

¢t Quicken®TurboTax®For the Web™
Illdn MOHE D @ The Motley Fool’s Investment
e Click here for details.

Map of the Market
Map Your Portfolio

and Tax Guide 2000 for free! Detach Headlines

REEEINEA RS DJIA 11025.85 MNasdag 4958.56 + 25 +2 533 pm Mar. 27

Energy

Health Care Financial

|

Microsoft -10.87%
g MSFT: last sale 104.06, change -12.69
(click for more detail)

Capital Gootls:

Consumer Cyclicals I ECHNoIoTY)

Corptisies
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Market falls steeply Feb 27, 2007, with one exception

Headline lcons ¥ DJIA& 1221624 Nasdag 2407 87 4:32 pm Feb. 27
N|

Utilities

Energy

N

Health Care Financial

Basic Materials

Capital Gopds

Microsoft 4.09%
MSFT: last sale 27 .88, change -1.19 Transport
(click for more detail)

N N

o N
Consumer CyCIiCE[l}‘]S N Technology
N

N
N

Communication Consumer Staples




Market falls 311 points July 26, 2007, with a few
exceptions

Headline lcons | DJI& 1347357 Nasdag 2599.34 5:42 pm July 26

N; N N

Utilities

Energy
N

Health Care Financial

Basic Materials

Capital Gopds

NI
i

Consumer Cyclicals Technplogy D
N
Communication consumer Staples

Transport

N




Market mixed, October 22, 2007,
Energy & Basic Material are down

Controls Headline Icons ¥ DJI& 13568.84 +46.82 +0.35%— Nasdag 2753.13 +27 .97 +1 03%—1:44 pm Oct. 22

Energy

Health Care Financial

N

Capital Gopds

Consumer Cyclicals Technology

communication

Basic Materials

Transport

Consumer Staples
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Market mixed, February 8, 2008
Energy & Technology up, Financial & Health Care down

Controls Headline Icons | DJIA 1218213 Nasdag 2304 .85 +11 .82 +0.52% 5:42 pm Feb. 10

N

Utilities

Health Care Financial

__j Basic Materials

Capital Goods

[
Transport

Condiimer Cyclicals Technology

Communication Consumer Staples




Market rises 319 points, November 13, 2007,
with 5 exceptions

Utilities

Energy

Health Care Bihancial

Basicihatenals

N

Capital Goods
Transport

N| N

] consumer Cyclicals 1echnolomy
N

Communication




Treemap: Newsmap
®
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Treemap: Gene Ontology
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Treemap: Product catalogs www . hivegroup. com

=10I%]

The Hive GI’OUP Close Window |"‘Audio & Video ™ j |"‘Camera& Photo * j I*ComputerAdd—Ons* j

Digital Cameras: All Digital Cameras Amazon.com prices subject to change.  Generated: Mon Oct 6 22:24:34 2003
HONEYCOMB LAYOUT

[rodue: Trrsmnzon - e __EEN | |

[~ 1) Show Only Available items

|Product Manufacturer | |amazon.com - OurPrice ¥| [Amazon.com - Sales Rank x| T = T

2) Average Customer Review:

gapaga | D028 || go0000 |26, |86, r Jan |

$1.016.95 $799.99 $599.. 3) Amazon.com - You Save %:

99.99 6... |$24...
Pentax Optio 555 5MP $368.94 3 $2 $2 I~ |an =

Digital Camera w/ 5x it sl 3
Fe .

4) Amazon.com - You Save $:

Optical Zoom
o I™ [s0-840
| $41- $82
$83- 9124
- - lza... | $125 - $166
Pertax $167 - $208
i ice: 179.9...
SHOP | ROASTING | FRESHNESS | TASTING | ABOUT US ListPrice:  nia i $209 - $250
Peets Coffee &lea OurPrice:  $599.99 =
COFFEE TASTING | COFFEE BREWING | TEA TASTING I TEA BREWING You Save: nia ;
5) Amazon.com - Our Price:
Nat yet released $599.99
----------------------------- I~ [$36- $1029
COFFEE SELECTOR :. 5.0 MegaPixel CCD $1030 - $2023
: . Ultra lightweight aluminum alloy body - Weighs only $300.00 $2024 - $3016
CLICK HERE FOR HELP. 720z $3017 - $4010
1. Voice recording mode - audio capability that rivals $3200... $4011 - $5004
méSF‘F}LEL'-gP';EC‘;'ﬁS,f b stand alone audio recording devices $340.99 $5005 - $5999
PEET'S COFFEES. 1. Unlimited recording in Movie mode with sound §282.9...

CLICK ON A COFFEE TO ADD
IT TO YOUR CART OR TO
LEARN MORE.

. Average Customer Revievy: 0.00 Stars (0 Reviews) 6)’ Amazon.com - Sales Rank:

Sales Rank: 3,670 ™ [96- 6892

. ) . e $799.00 = 6893 - 13689
's Blends Decaffeinate Click to View Options 13690 - 20486
COFFEE TYPE 1T $15... - 20487 - 27283

PRICE

Top Blend
Premium coffees from Latin America

and the Pacific blended to create
full body, spakling acidity, and

S N — . isplaying: 94 of 94 A Product Cell Labels: ¥ |Price < | SEARCH: [ 27284 - 34081

spicy notes.

$10.95 /Ib (Click for more)
Africa

andArabia

CHECK A BOX TO VIEW...

ci
Click here to let us know what you think of Peet's Coffee Selector.

Powered by Honeycomb™.
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Treemap: NY Times — Car&Truck Sales

/2 The New York

& htip:/fwww.nytimes.com/imagepages/2007/02/25/business/20070225_CHRYSLER _GRAPHIC. html

The New Pork Times February 25, 2007
Truck Sales Slip, Tripping Up Chrysler READING THE CHART Change in sales from 2005 to 2006
Over the past few years, Chrysler said they were following the lead of Toyota r‘?"gféﬁa:ﬁ;”m Bealow | Above industry average sales
and Honda, focusing on vehicles that met the needs of their customers. But as American according 1o 26000 — . S—
consumers turned away from large trucks and S.U.V.'s in 2006, Chrysler continued to number of cars . -10% 26 0«10 +100
churn out big vehicles, which are now sitting unsold at dealerships across the country. soid in 2008 Many of these vehicles
were introduced in 2005,
SAEB CHANGE <TRUCKS, VANS, SUV'S | CARS» <TRUCKS, VANS, S.UV'S | CARS»
Chrysler Group =7.0% Toyota +12.5%
Trucksivans/S.UV's 1.6 million Trucksfvans/S.UM's 1.1 million
Cars 0.5 million Cars 1.5 million

Pickups, minivans and SUVs
made up 76 percent of
Chrysler's sales, which left it
vulnerable when consumers

Toyota rolled out a new version
of the Camry, and once again it
was the country's best-selling

car. Topcta

shifted to cars. Corolla

Dodge

Ram
Corolla sales also jumped,
along with gas prices. Toyota
could not escape the decline

~ in sales of supersized SUM's

General Motors 8.7% like its Sequoia

Trucksjvans/S.UV's 2.5 million

Cars 1.6 million Honda +3.2%

G.M. introduced new versions Truck UN's 0.7 mill

of its large S.U.Vs in late 2005, fucksivans/SUNS 0.7 millon
Cars 0.8 million

hoping they would bolster sales
Instead, sales of big vehicles
were hurt when gas prices
climbed. One of the few
standouts was the Chevrolet
HHR, new in 2005.

Chevrolet
R,
i = ! Nissan
Patinder
7314

Like the Corolla, the small
Honda Civic did well. But the
Accord slalled. Buyers, it
seems, are wailing for the new
version to be released this year.

Honda
Acoord

The Chevrolet Impala, with or
without flashing lights, did

well in 2008, when a redesign Nissan -5.3%

came out. s Trucksivans/S U.V.s 0.6 million

[Rv-1E0] Cars 0.6 million

BMW +2.1%

Trucksivans/S.UV.'s 0.1 million

Ford -8.3% " Cars 0.3 million
Trucks/ivans/S.U Vs 1.8 million [ w7

Cars 1.1 million 38,408 Mercedes-Benz +10.3%

] Trucksjvans/S.UNV.s 0.1 million

Even the country’s best-selling s 02 miion

vehicles, the F-Series, slumped
in 2006, with sales dropping 13
percent. One of Ford's bright
spots was the new Fusion
sedan, which made its debut in
late 2005 and sold well in its
first full year.

Sweu  Suen
Bz

Mercedes-Benz, owned by
DaimlerChrysler, had a
comeback in 2006, thanks to a
new version of its flagship

S-Class. BMW
helpad by a ngTruck Sales Slip, 1
3 Series sport Si o
bt Sources: Vard's AwolnfoBank; Edmunds H c I L
n Amanda Cox and
Hannah Fairfield’
Now Yock Tunos

Amanda Cox and Hannah Fairfield/The New York Times
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Treemap: Tree of Life (1.8M species)

http://eol.org HCIL
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Temporal Data: TimeSearcher 1.3

ETimeSearcher...SZ weeks of closing prices
File Edit View Transform Help

=10l %]

®* Time series (e EswTreLEoon e
* Stocks 055
* Weather

° Genes

* User-specified
patterns

’I\\]/ Search: Search | Clear | Query Vfariable Close ¥

153.45

51.06

98.25
98.44
99.5

98.88

QoOoNSO R WNS

|

134 37 40 43 46 40 52

T4 7 10 12 16 19 22 25 28 3

EUTSCHE TELEKOM AG

1430 records 1% RAW EXAS INSTRUMENTS INC

®* Rapid search

“JCABLE & WIRELESS COMMCTN

AT TELECOM GRP PLC ADS
42

345

4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

ACOPPER MOUNTAIN NETWORKS
2042

153 .45
102.4 M
51.08~""" o "

4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

“ITERADYNE INC

“INTL INCORPORATED
“INETCOM AB ADS CL B
“JALLEGIANCE TELECOM INC

[ESAT TELECOM GRP PLC ADS
|COPPER MOUNTAIN NETWORKS

ACROMEDIA INC

i

|121.49 | 72.0




Temporal Data: TimeSearcher 2.0

®* Long Time series (>10,000 time points)
® Multiple variables

* Controlled precision in match
(Linear, offset, noise, amplitude)

| TimeSearcher[Build:1.0.1615.18609] = |D |i|
File Edit Cuery View Data Help
Number Of . : NP o
ﬁ“’?l (| | i | m | A | // I TJ{J Search Clear Variables |1 LII_ LinearT. V OffsetT. [~ Noise R. W Amplitude S. ¢
Variables | PUGLIA_CITIES | Date | SUNLL. | RAIN. «|
Variable:lSUNUGHT LI 12/10/1996 56.00 6.C
1241141996 358.00 0.c

1241241996 393.00 0.C
1241341996 253.00 0.

960 12/14/1996 7900 12
12/15/1996 400 0F—
720 12/16/1996 41800 02
N, | 12171996 18400  02¥
480 PRCA | >
\ ANDRIA -
240 \// BARI :l
\LY | : W | BARLETTA
0 ' ' 2 O = BRINDISI
8/30/1996 9/10/1996 9/21/1996 ‘}‘.’1 996 10/13/1996 M
|SU[I\ILIGHT ~| 972471996
Ig |
| Iy WWWWMMW ey
g | N M Ve W "
17171993 1/18/1994 21471995 A A opthdy AL A 3/10?199?—‘ A

X:7/24/1997 Y:1800 - Mouse: (949,0)




TimeSearcher: Shape Searcher Edition

TimeSearcher: Shape Searcher Edition...52 weeks of closing prices

File Edit View Transform

N "-.-"”/”\‘./':\: ”"Z

Help

’5 Point Angular Spike

|v} Points in Shape:

|

IMedarex Inc

204.2

153.15
102.1
51.0

A A A A A A A A A A A S S S A A A A A A A A AN AN AT AN AN AT AN AN S DDA el
4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

Mitsui & Co Ltd

204.2
153.15
102.1

51.05

T

7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

J|lcici Limited CID

204.2

153.15
102.1
51.0

IMitsui & Co Ltd

204.2
153.15
102.1

51.05

R R R A T T T N S A T T S L S R S S A T O S S S S S S S N S A NN N S N

7 10 13 16 19 22 25 28 31 34 37 40 43 46

45 52

Arrowpoint Cmmunctns

204.2

O e

7 10 13 16 19 22 25 28 31 34 37 40 43 46

45 52

»

4
4

Medarex Inc
Close
36.25
50.13
67.88

z
a
E
m

[CR- NN T
(-2}
(=]
(=]

Il

4]

100.0 Medarex Inc
99.60 Mitsui & Co Ltd
99.56 Icici Limited CI D
99.25 Mitsui & Co Ltd
99.23 Arrowpoint Cmmunctns
98.88 Micromuse Inc

98.85 Kansas City Sthrn Ind
98.85 Mitsui & Co Ltd

98.10 Imclone Systems Inc
98.07 Arrowpoint Cmmunctns
97.90 Usweb Corp

97.87 Foundry Networks Inc
97.81 Mmc Networks Inc
97.52 Next Level Comm Inc
97.49 Newport Corp

97.47 Applied Micro Circuits
97.25 Icici Limited CI D
96.70 Kansas Citv Sthrn_ Ind

[l »

Time

Metric

‘Ql | |£:| TimeSearcher: Shape Searcher Edition...52 weeks of closing prices

Eeee
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LifeLines: Patient Histories

]
HME
| ) | |
AtrialFlutter Migraine Pregnancy
Flu Pneumonia Fatioue  Diabetes
I = )
KneePain
Pneumonia KneeSurgery
] |
Blood EKG
| 'l |
Xra¥v Blood Blood
I U |1
Pap Pap Dap Pap
IMarlnrlno ISonogram
%m : LifeLines Control Panel M=] B3
Ventolzil Layout Label | g Search | Z
ayou’ | ummarvl earc l oom |
Antb.  Advil  Insulin _Insulin
| ' — | @ TopRight C TopRight&Left ¢ 4 Comers
Proganolol e —
11 | — Link from Timeline to Label
Dispensed Batramex _stop Lasilix o9ln  #i
— e [ oS
Ph};sicalTherapy 8 9 10 11 12 13 14 15 16 17 18 19 20
LowSaltFatDiet
— Trucation
L. -4 s L T,  No 0 10 20 30
_2.‘.92 a3 ﬁ] 94 95 96 97 G Yes LN NN NN RN 1
(2] Exploring - sp..| [ MicrosoftPo... | &UMHCIL Lit.|[4 LifeLines .

Hcii‘.}



LifeLines: Customer Histories

o
= Linda Simpson ORDER#614345 (JMOST -
Mrs Linda Simpson 5-26-1998 black p6 Linda BD "url" 13
Maryland 41 RECENT) |
Allexgic to polyester 11-1-1997 $150, Visa card, order by phone
LifeLine — o . . D45F224: Boots - 4 - Black
_ i ' ' ' : ----> BACKORDER - estimated shipping
¥ Catalogs Fall95 Fall9d Fall97 Fall9g 12-15
- . - . - . - |
2 Pringo6 o Pringd7 w g8 - Custom calé | DASEI3E Gloves - Black - M |
o ummerspeciald® | 472156 Corduroy pants - Tan - L
¥ Store lStore 157826: Hat - Grey - M ~|
WA Web Web Web Web . .
R i [ I Kids Backcountry hiking boots
M F URCHASES Leather boots with super grip soles.
¥ Clothes $101 $194 $127  $150bacl
1 i [
¥ Week-end $160
¥ Accessories I$152 _$j;7
¥ House $152
¥ Specials
¥ Return too-small
I
¥ Credit ICredit Refused
¥ Birthday .Linda BD lI_,intia BD ILinda BD




LifeLines2: Align-Rank-Filter

B LifeLines 2 - events.txt {de-identified real data)
File About

=10 x|

Records 7/47

V1000000045
V-
Acute myocardial in
Coronay atheroscl
Hypertensive disea
V1000000026
V-
Acute myocardial in
Coronay atheroscl
Hypertensive disea
Other and unspecifi
Postmyocardid infa
V1000000052
v-
Acute myocardial in
¥1000000011
v-
Acute myocardial in
Hypertensive disea
V1000000043
V-
Acute myocardial in
Coronay atheroscl
Hypertensive disea
V1000000054
V-
Acute myocardial in

(5]

1

Rank by [# of Acute m yocardial infarction]

3yrs -2yrs -1yr

. Hypertensive dise3sz

H‘ Corol
. ypertensi

Align by [1st Acute myocardial infarction]
mach 1yr 2yrs

3yrs

Acute
Corol

cardial infarction
atherosclerosis~

Acute myocardial infaction
atherosclerosis~
diseass

Aoth er fand unspecified ang~

. Hypertensive diseass

Postmyocardid infarction~
. Acute myocardial infarction

' Acute myocardial infaction

Coronary atherosclerosis~

. Hypertensive diseass

! Acute myocardial infaction

Acute myocardial infarction
ﬁxperbensive diseasz

4 yrs

I»

[

Hypertensive disea
|

‘

.1 ARF Controls | Preferences |

Align by...
| lstHAcute myocardial infarction(7) I vl
Rank by...
) name
@ #/times |Acute myocardial infarction(7) I v |
Filter by...
(® nothing
) #/[times H
() sequence
Collapse all
Legend s
——- Acute myocardial infarction
1 man. 3 man. edt
O =
edt
—f—~ Chronic Rheumatic heart disease —
1 mon. 4 man. edt
~f~ Coronary atherosclerosis~
2 mon. 4 day el
—k- Hypertensive disease
15 day 6 man. edt —
— !
Y Ry,
L) S, A,
- |HCIL Ly Copyright 2007
| KPS HCIL UMD

Aligned by [1st Acute myocardial infarction] Ranked by [# of Acute myocardial infarction]

HCIL



Goal: Find Features in Multi-Var Data

® Clear vision of what the data is
® Clear goal of what you are looking for

* Systematic strategy for examining all views

® Ranking of views to guide discovery
® Tools to record progress & annotate findings

HCiB



Multi-V: Hierarchical Clustering Explorer

SH| MENMAe SRR S 2

endrogram View

childrens
laverage Linkage
Pearson's entered, Unabsolute
12488 Items
27 Variables

Minimum Similarity = 0.500 # of Clusters = 3

-0l x|

5.10

=lolx|

oix|

101806_at

Field | Transformed | Original | C
OH 151 1304.. W

12H 0.02 1616,

1D 114 1845,

20 023 1564,

D 013 1639,

35D 125 1867,

4D 063 1753,

45D 0.03 1606,

50 0.55 1500,

55D 1.40 1898,

6D 053 1492

6.5D 018 1576,

D 256 2134,

7.5D 076 1457,

8D 013 1637,

101806_at] g
) Detal
2] Control |

[ 58 tems selected
D [Deal

93861 fat 93861 fat 93
98463 ol 946Ia 98
9772 at  %772at 9
9323 s st 92Hsat 93
103207 at 103201 at 10
161000 at 161000 i at 16

103092_at  103092_at 10
94243_at 94243_at SAJ

EN—— www.cs.umd.edu/hcil/hce/

=181 x|

Thiesholds  Seaich Methods
wjoo Modetbased -

A[P97  Digtance Measure :
Fearson's -

Pin This Result
Consider All Profiles

IV show sihouette

Delete.

8.
OH 12H 1D 2D 3D 3.5D 4D 4.5D 5D 55D 6D 6.5D 7D 7.5D 8D 8.5D 9D 9.5D 10D 11D 12D 13D 14D 16D 20D 30D 40D

Clear ALL

] Color Mosaic] [ Scatterplot Odeing] [G] Gene Ortology. ) Frofe Search [[K] Kemeans

“HCE enabled us to find
important clusters that
we didn’t know about.”

- a user

Minimum Similarity = 0.743138

# of Clusters = 4

# of Genes: ISS—

# of Samples: |7

Linkage Method: W

Simnilarity Metric: W
spo2 <X

Y > spa30 I

-364000 (¢ G->R |4.87000
. C G
Min Max

Bar Width
J—

Selected Cluster Information

# of Genes: 14

oo ann

Cirnilari




Do you see anything interesting?

A B c | o | e | F | G | H | | ) =

1 _|Element *P1 *P2 Atomic Num Atomic Mas stomic Radilonic Radiuglonization E Electronega +C1 *C2 =
2 |Ac 140 0 89 227 200 126 51 11 62 56
3 |Ag 630 80 a7 107 144 129 75 18 124 40
4 Al 750 160 13 27 143 67 60 16 28 25
5 |Ar 1050 160 18 39 98 154 158 32 176 51
6 |As 870 120 33 75 120 72 98 22 115 33
7 At 990 40 85 210 140 76 95 22 119 22
8 |Au 630 40 79 197 144 99 a1 25 131 22
9 |B 750 200 5 10 85 a1 83 20 101 8
10 |Ba 80 40 b6 137 222 149 51 8 46 b6
11 Be 80 200 4 9 112 59 a3 15 82 15
12 |Bi 870 40 83 209 150 117 73 20 140 27
13 |Br 990 120 35 79 114 182 118 30 161 44
14 |C 810 200 6 12 77 30 113 25 82 1
15 |Ca 80 120 20 40 197 114 60 10 70 51

16 |Cd 690 80 48 112 151 109 90 17 113 43 -
17 |Cl 990 160 17 35 100 167 130 32 173 a7
18 |Co 500 120 27 59 125 83 79 18 120 30
19 |Cr 320 120 24 52 128 75 68 17 91 28
20 [Cs 20 40 [515) 132 265 181 39 7 7 56
21 |Cu 630 120 29 63 128 87 76 19 118 32
22 |F 990 200 9 19 72 119 173 40 39 1
23 |Fe 440 120 26 [515) 126 83 79 18 115 32
24 |Fr 20 0 87 223 269 194 40 6 1 56
2b |Ga 750 120 31 69 136 76 60 18 89 31
26 |Ge 810 120 32 72 122 87 79 20 118 33
27 [H 20 240 1 1 32 0 136 22 40 1
28 |He 1050 240 2 4 31 93 246 32 1 1
29 |Hf 200 40 72 178 159 85 70 12 95 44
30 [Hg 690 40 80 200 151 116 103 20 147 27
31 11 990 80 53 126 133 206 105 27 153 44
32 |In 750 80 49 114 167 94 58 17 a3 42
33 |Ir 500 40 77 192 136 82 90 22 116 2b
34 K 20 120 19 39 227 152 43 8 37 56

35 |Kr 1050 120 36 83 112 169 140 30 163 47 ~
M4 4 » »[\periodic / | «l | v

HCIL



What features stand out?

Scatter Plot

Electronegativity

125 150 175 200 225 250
lonization Energy H i L



Correlation...What else?

Scatter Plot /

125 15
onization Energy

HCIL



... and Outliers

Electronegativity

Scatter Plot

> He)

HCIL



Demonstration |

®* US counties census data
* 3138 counties

* 14 dimensions : population density, poverty
level, unemployment, etc.

HCIL



Rank-by-Feature Framework: 1D

HOMEVALUEZ2(
INCOME19393
PRCNTCOLLEG

PRCNTHSGRAC
6.721
PRCNTHSGRADS2000

FUFLAANDE

6.721-

POPDENSITY2C
BELOW1S
UNEMPLOYED
PRCNTBELOW1S
FARMACRES
POVERTY1999

| LUNGCANCER

| COLONCANCER
| PRCNTES+

| PRCNTFEMALE2000

1.473

Rank-by-Feature
Prism

Manual Pr
ojection Br
OWSer

Ranking Criterion

PRCNTHSGRADS2000

Rank| Column Mame | S, Q1{25%) Median| Q3(7F a
i PRCNTHSG... 6721 ) M.200 79200 B4l
2 PRCNTES+ 530 1800 12100 14400 17
3 PRCNTCOL. 6370 4900 11200 14500 19
4 POVERTYIS%3 6350 0000 9500 13000 171
5 LUNGCANC.. 6203 10700 50200 60,300 69
6  COLONCAN G183 7400 19300 22400 251
7 LFEEXPEC.. 6135 65600 74200 75600 76
8  INCOMEI93§ G095 5213000 15136000 16946.000 18986
9  PRCNTBEL. 6019 9600 23700 25300 27
10 POPCHANGE 5973 -10400  -0.800 0200 "
{1 BREASTCA.. 570 0000 20509 23713 26l
12 PRCNTFEM.. " 5483 32700 50000 50800 &I
13 HOMEVALU. B 0000 57900000 75900000 969001
& FONDENSIT. ENMGAN 67000 11203200 Ddecio0l &iT%e
Score List |1z setows 2821500 6310000 15510

17 [INFiPL OV 7305 mniill
4 »
HCIL



Rank-by-Feature Framework: 2D

Ranking Criterion

HOMEVALUE2000 0.996 X axis Y axis
| |INCOME1999 i A 118 PRCNTR5+ POPDENSITYZ, ..
PRCNTCOLLEGE2000 Rank by Feature 119 PRCNTEG+ BELOW18

120 FARMACRES POPCHANGE
121 FARMACRES INCOME 1939
PRCNTES+ INCOME 1939
PRCNTBELO.., INCOME1539
LUNGCANCER  FARMACRES
POVERTY1933  BREASTCANC,..
LUNGCANCER  PRCNTCOLLE,.,
POVERTY1993  POPCHANGE
126 PRCNTES+ PRCNTCOLLE...
129  LUNGCANCER  PRCNTHSGRA...
130  POVERTY1933  PRCNTCOLLE...

| |IPRCNTHSGRADS2000 .
LIFEEXPECTANCY Prism

ll UNEMPLO"E5%0:

e A
Score List 133 POVERTY1999  HOMEVALUEZ ..
138 PRCNTES+ PRCNTBELO. ..

135 POVERTY1933  INCOME1933

13 POVERTYI33  PRCNTHSGRA.. MR

s

¥ I~ Use the Same Scale

INCOME-

INCOME1333

Manual Pr
ojection Br
owser

POVERTY1933 6.53

POVERTY1999




A Ranking Example

3138 U.S. countles with 17 attributes
ancomeisss 1= I - FarviAckes —iox| —Ioix]

—F— fE— I—§I1

F PRCNTHSGRADS2000 o =] 54
o

@)
-
-

-
o
|

574

4.29 2.25 312 £.96 0.7 15.04 0.26 38.35
Ranking Criterion: Uniformity (entropy) (6.7,6.1,4.5, 1. 5)
# X:BELOW18-Y:POPDENS] -lolxl| B2 -¥:PF - 1O x| HS -oixl| & o [w] oSS
kAl L A
g w0
:..‘ '
o §ll 'y .
8 g @
a = o
5 2 g
G| |z
.".l‘".' '
;/ 3 o
S, Nl L
0.29 BELOW1S 33.76 POPDENSITY2000 32.23 3.10 PRCNTES+ 4.78 217 POVERTY1999 6.5

Ranking Criterion: Pearson correlation (0.996, 0.31, 0.01, -0.69) HCII;}




HCE Status

In collaboration and
sponsored by Eric
Hoffman: Children’s
National Medical Center

Phd work of Jinwook Seo
72K lines of C++ codes
8,000+ downloads since
April 2002

www.cs.umd.edu/hcil/hce

Hierar Expl =181
File Edit Clustering Tool View Window Help
SE| MEMNA L= Z 2
JT=TE| | 3 X SELOWIE-ViRE JTaTET || = PRONTHS =lolx| slx
fos_counties_17vars Calor Scale Bar |[f] 1l e
(Coluran-by-Column normalization by Standardization (Mean and Stdev) ¢ 5 items selected
|awerage Linkage 38.35 [D_[Name __[Descriptio
[Pearson's 1 : Centered, Unabsolute Lz
s 4512150 Tnddk SD Todd
3138 lterns 4113 5D Shannon 5D Shann
17 Variables 46137 5D Ziebach 5D Ziebac
21183 KY Owsley KV Owsle
K
# of ltems Left = 3130 = 2
Minimum Similarity = 0.795_# of Clusters = 166  of Alones = § TX Gonzales
Field [ Trans

HOMEVALLE, ..
INCOME 1339
PRCNTCOLL .,

PRCNTHSGH...
LIFEEXPECT..!
BREASTCAN. .

POPCHANGE
POPDENSITY. .
OW18
UNEMPLOYED
PRCNTBELO...

FARMACRES
POVFRTY133
“

E— ) —

5] Detai

Order by
Correlation Coefficient

Barson's 1

P s
Linear correlation between two vars

Scores Overview

Ordered List

Make Views

JIOMEVALUE2000
JNCOME1999

RCNTCOLLEGE2000

RCNTHSGRADS2000
IFEEXPECTAL

Rank | X axis

T BELOWIS
UNEMPLOYED
INEMPLOYED

[ e ———rr T PP

Y axis Score ¢
POPDENSITY2000 0,99
BELOW18 63
POPDENSITY2000 0,957
HOMEVALUE2000 g;gé

‘Ready

0,670

. 0,645

0,626

 E—

0 JE— T

1  —

2 INCOME 1933 | —

3 HOMEVALUE2000 [

4 I

5 | usi5]

6 T

7 | v 7

8 . f PRONTCOLLEGEZI0)

9 il . I

BREASTCAN,.. PRCNTHSGRAD... I PRCNTCOLLEGE2000
B
&) Color Mosaic | [E8] Table View | L Histogram Ordering k] Scafterplot Ordering 7] Profile Search | |G] Gene Ontology | (K] K-means
NOM

Hcig



Evaluation Methods

Ethnographic Observational Situated
® Multi-Dimensional

® In-depth

®* Long-term

® Case studies

HCIL



Evaluation Methods

Ethnographic Observational Situated
® Multi-Dimensional

® In-depth

®* Long-term

® Case studies

Domain Experts
Doing Their Own Work
for Weeks & Months

HCIL



Evaluation Methods

Ethnographic Observational Situated
® Multi-Dimensional

® In-depth

®* Long-term

® Case studies

MILCs

Shneiderman & Plaisant, BeLlV workshop, 2006 HCIL



Sl MENMAG ' BRES 2

oix|

[¥iDendrogram View

&858 tems selected

97909 ot 97909 o 97

93861 fat 93861 fat 93

946 9BEIa W
967720t 96772 %
9323 s ot 9% sa 9B
103201 s 103201t 10
161000t 161000 _at 16

103032_at  103032.at 10
94203 at M3 st 94
93830 at 93830 at 93

inkag
Pearson’s r: Centered, Unabsolute
12488 Items
27 Variables

Minimum Similarity = 0.500 # of Clusters = 3

95784 s 784 %
il f v

101806_at
; . ' Field [ Transfomed [ Original | C+
i T 3 1 [} 511304,
b j i 12H 002 1616 W
1 ' i3 114 195 W
| . B b 023 1564.. W
S . . - f ) 013 1633 W
1\ i 350 125 1867.. W
L ) 069 1753 W
d L 450 003 1606 -
5D 055 1500..
u L] 550 140 18%. W
053 14%2.. Wl
650 018 157%.. M
o) 25 2134. W
750 07 1457 W
&) 013 1637.. W+
q v

Clustering Explorer = R~

Thiesholds  Search Methods
wjtoo Modetbased -
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®* Focused on rank-by-feature framework

® 3 case studies, 4-8 weeks
molecular biologist, statistician, meteorologist

® 57 email surveys

* Identified problems early, ?ave strong positive
feedback about benefits of rank-by-feature

Seo & Shneiderman, IEEE TVCG 12,3, 2006 HCig



Senatorial Social Network

Links are drawn
between senators
if they voted
together on more
than 150 RCs.

MILC example

®* Evaluate
SocialAction

The Pemocrats Both Brownback and
(blue) and McCain are isolates

f because they never
Republicans (red) votedmore thas

forw natural 150 times with any
communities. other senator.

Adam Perer & Ben Shneiderman
®* Focused on integrating statistics & visualization

® 4 case studies, 4-8 weeks
(journalist, bibliometrician, terrorist analyst,
organizational analyst)
* Identified desired features, gave strong positive

feedback about benefits of integration eit)
Perer & Shneiderman, CHI2008




Case Study Methodology

1) Interview (1 hr)

2) Training (2 hr)

3) Early Use (2-4 weeks)
4) Mature Use (2-4 weeks)
5) Outcome (1 hr)

HCIL



Take Away Message

Rank-by-Feature Framework

®* Decomposition of complex problems
iInto multiple simpler problems wins

® Ranking guides discovery
* Systematic strategies

www.cs.umd.edu/hcil/hce

HCIL
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