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Scientific Approach (bheyond-userfriendily)

* 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 | R
* Direct manipulation
° Menus, forms, commands

® Qutput devices & formats
* Screens, windows, color, sound
° Text, tables, graphics
* Instructions, messages, help

® Collaboration & communities
®* Manuals, tutorials, training
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www.awl .com/DTUI
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U S. lerary of Congress

Wencan Memo
Historical Collections for the National Digital Library

Iy

®* Scholars, Journalists, Citizens

® Teachers, Students
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Visible Human Explorer (NLM)

Ouit Subject Image Type About... Help,..

— Overyiew — Image Select

®* Doctors

®* Surgeons

Retrieve Full-Size Image,.,

® Researchers

® Students

—Range Select

Copyright €z} 1995

Human-Computer
Interaction Lab

Uhiversity
of Maryland
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NASA Environmental Data

Global Change Master Directory

Guen Preview

® Scientists

select attnibutes of
by cliclang on tmap at

®* Farmers

®*Land planners

Topic Selection: Year Selection:
Atraosphere 2151 |  |Prebistoric |
O St d t Binsphere 1023 | D001 - 1699 | |21
u e n S Cryosphete |313 1700- 1799 | |51
Hurnan Dimensions | 595 1200 - 1549 |91
Hvdrosphere | 613 1250 - 1299 | 283
Land Surface | 202 1900 - 1929 409
Olceans 1321 | 1930 - 1939 415
Paleoclimate | 120 1940 - 1549 | 403
Radiance Or Imazery | 738 1950 - 1959 | 711
Solar Physics [113 1960 - 1969 078 |
Solid Farth | 420 1970 - 1979 1649 |
Mot Specified 1920 - 1929 2445 |
1990 - 1999 2391 |
Hat Specified [




Bureau of the Census

®* Economists, Policy
makers, Journalists

®* Teachers, Students

American FactFinder”,
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NSF Digital Government Initiative

Census,

NCHS,

BLS, EIA,
NASS, SSA

® Find what you need
®* Understand what you Find
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International Children’s Digital Library
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Read books!

QUICK LINKS

mylCDL Account
= Register £ Sign in
» Select language

For first-time visitors
= Mission & summary

» General FAD

For returning visitors
= Recently added
books

For hook contributors

= Contribute books

= Policies and
statements

= Scanning instructions

For researchers
= Fast facts

= Papers
= Presentations

For volunteers
» ICDL Ambassadors
= Translators

www.childrenslibrary.org

INTERNATIONAL CHILDREN’S DIGITAL LIBRARY

& Library for the World's Children

About us Sponsors How to contribute

e
Yl

@

006

Meed help?

Simple Search

Oﬂ@

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
response to the challengas of world illiteracy.

9,

Three to Five

D,

Six to Nine

&

We invite you to explore our growing library and
learn how you can_contribute to our efforts.

Ten to Thirteen

©

FEATURED BOOKS Make Believe Books

Colorful illustrations with Jeanette Marin
May 8, 2006 Salactad by Jeanette MMarin, a student at the
1Tniwarsity of Marvland. Jeanetta has thres danchtars

True Books

Home = Fead books! = Simple Search

C

Rainbow Covers Red Covers Crange Covers  Yellow Covers Green Cove
French ¥|=16 books
ﬁI.IOU
ELJEAN
™. L B
Aliou and Jean The amazing advent of ... The baby's dall
French French French
A big little girl Collection of 150 prints a... Il be astuntman! I'm
French French French
Short Books  Medium Books Long Books  Recently Added  Award Winni
Books Books
Keywords in | English v | Ses




Piccolo: Toolkit for 2D

Structured canvas of
graphical objects in a
hierarchical scenegraph

* Zooming animation
* Cameras, layers

Open, Extensible & Efficient
Java, C#, PocketPC versions

www.cs.umd.edu/hcil/piccolo

) zoomable objects

DatelLens
Windsor Interfaces, Inc.

TreePlus
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Institute for Systems Biology
Memorial Sloan-Kettering
Institut Pasteur UCSD
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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

Human perceptual skills are remarkable
« 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
Virtual environments

¥ T - i
READINGS IN

I NFORMATION
VISUALIZATION

USsING VISION

ro THINK

i R e
STUART CARD
Jock MACKINLAY

BEN SHNEIDERMAN
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Information Visualization: US Research Centers

Xerox PARC
* 3-D cone trees, perspective wall, spiral calendar
* table lens, hyperbolic trees, document lens

Univ. of Maryland

* dynamic queries, range sliders, starfields,
treemaps, timeboxes, zoombars

* tight coupling, dynamic pruning, lifelines
IBM, Microsoft, AT&T
Georgia Tech, MIT Media Lab

Univ. of Wisconsin, Minnesota,
Calif-Berkeley, CMU

Pacific Northwest National Labs

The

Cralft afl
INFORMATION
WISURLIZATION

—
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A~ CORDA

Interactive Data Visualization FrRee pownLoap PRICE Buy cowtacT surrorT [
® PopChart 5.0 FLEOptiMap 5.0
Interactive Charts & Graphs Interactive Mapping Solution

The most powerful The ultimate system

systern available for for quickly creating

creating sophisticated powerful interactive

interactive charting geographic or other

and graphing spatial maps from

solutions, vour data,

<> gee it in action . . U.S.A. Margin of Victory

Bush v. Gore

2002 Sales for Beverages

$20.00k (
2002 Sales

Bottled Water - $16,916.25
&‘ $12.00K -
"'b s8.00k - W |

click pie wedge lo change T4.00k —
ACME
$0.00 - T T T T
Beer |Chocolate.lDrink Mix. | Juices | Sporis Dr.
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Denise's Workspace
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Andrew's Workspace

MAYAVIZ

= Geographic Overview

# Identify Areas Of Focus
#= Establish The Scope

= Communicate Intent

# Begin Collecting Ideas

# Initiate A Collaboration

O

# Join A Collaboration
= Focus Attention
* Narrow The Scope

= Change Context



Visualization Toolkits

Changing the rules of business
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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 Document Lens, SeeSoft, Info Mural, Value Bars
2-D Map GIS, ArcView, PageMaker, Medical imagery
3-D World CAD, Medical, Molecules, Architecture
Multi-Var Parallel Coordinates, Spotfire, XGobi, Visage,
Influence Explorer, TableLens, DEVise
Temporal Perspective Wall, LifeLines, Lifestreams,
Project Managers, DataSpiral
Tree Cone/Cam/Hyperbolic, TreeBrowser, Treemap
Network Netmap, netViz, SeeNet, Butterfly, Multi-trees

(Online Library of Information Visualization Environments)
otal.umd.edu/Olive

Hcifi}



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)
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Treemap: Stock market, clustered by industry
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Treemap: Newsmap
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Treemap: Gene Ontology
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Treemap: Product catalogs

THIS FIELD REPRESENTS
THE FULL SPECTRUM OF
PEET'S COFFEES.

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

GROUP COFFEE TYPE

SIZE PRICE

COLOR BODY

CHECK A BOX TO VIEW...

H [
[} -

ww. hivegroup.com;

mazon_dyn.html - Microsoft Internet Explorer

www.hivegroup.com

=10 x|

The Hive Group [ ciose Window [*audio & videa ™

j I* Carnera & Photo ™

j I* Computer Add-Ons *

"

Digital Cameras: All Digital Cameras
HONEYCOME LAYOUT

GROUP ns SIZE represents:

COLOR represents:

Amazon.com prices subjectto change,

|Pr0ductManufacturer

j |Amazon.com - Our Price j |Amazon.com - Sales Rankj

Few Sales

Bestzellers  nfa

Generated: Mon Octé 22124134 2003

[

FILTERS

[~ 1) Show Only Available tems

SHOP | ROASTING | FRESHNESS | TASTING | ABOUT US

COFFEE TASTING | COFFEE BREWING | TEA TASTING | TEA BREWING

COFFEE SELECTOR

CLICK HERE FOR HELP.

peem Decafeinate

Top Blend

Premium coffees fram Latin America
and the Facific blended to create
full bady, sparkling acidity, and

spicy notes.
(Click for morﬂd

$10.95 /I

Africa
and-Arabia

Pentax Optio 555 5MP
Digital Camera w/ 5x

s

Optical Zoom -
|

Pertax

List Price: hia

Our Price: $599.99

You Save: nia

Availability: Mot et released
Features: - - - - - - - - -
1. 5.0 MegaPixel CCD
. Ultra lightweight aluminum alloy body - Weighs only
T2oz
. “oice recording mode - audio capahbility that rivals
stand alone audio recording devices
. Unlimited recording in Movie mode with sound
Average Customer Reviewy, 0000 Stars (0 Reviewvs)
Sales Rank: 3,670

Click to View Options

500

2} Average Customer Review:

1,016,095 790,99
e . 3

|AII vl
gange | et | sosass | gee.. [g26. r

3) Amazon.com - You Save %:
36594 $08.99 | g6 |24 ||| |AII vl

4) Amazon.com - You Save §:

™ [s0- 540
§41 - 582

[,

$83-5124
$125- $166

$599.99

$167 - $208
$209 - §250

5) Amazon.com - Our Price:

$300.99

$340.99

I [536- $1028
$1030- §2023
$2024- 3016

$3017 - $4010

99.33

§4011 - $5004
$5005 - $5999
6) Amazon.com - Sales Rank:

I [o6- 6892
B3935 - 13689

F15...

136490 - 20486
20487 - 27283

laying: 94 of 94 A Product

Cell Labels: [ IPrice vl | SEARCH: [~ |

27284 - 34081

Click here to let us know what vou think of Peet's Coffee Selector,

Powered by Honeycomb™.
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LifeLines: Patient Histories
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LifeLines: Customer Histories

®
= Linda Sinpson OEDEE#614345 (MOET =
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Temporal Data: TimeSearcher 1.3

[ TimeSearcher...52 weeks of closing prices i = -0l x|
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Temporal Data: TimeSearcher 2.0

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

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

Hcifi}



Multi-V: Hierarchical Clustering Explorer
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Do you see anything interesting?

B B o E | F [ & | H | | | J | K o

1 _|Element =P =Pz Stomic Mum Atomic Mas &tomic Badilonic Radiug lonization E Electronega =C 1 =C2 =
2 |Ac 140 o 249 227 200 126 E1 11 62 o13]
3 |Ag 630 20 a7 107 144 129 75 15 124 40
4 Al 7RO 160 13 27 145 67 &0 16 28 25
A 1060 160 18 349 98 164 168 32 176 B
B |As 270 120 33 Fis) 120 72 98 22 115 33
T A 990 40 gk 210 140 76 gk 20 119 22
2 |Au 530 40 74 197 144 99 91 25 131 22
g9 B ThO 200 5 10 gk a4 23 20 101 2
10 [Ba 20 40 o13] 137 220 149 E1 g a6 o13]
11 [Be 20 200 4 g 112 E9 93 15 82 15
12 |Bi 2870 40 23 209 180 117 73 20 140 27
13 [Br 990 120 35 79 114 182 118 30 161 44
14 (C 210 200 5] 12 77 30 115 25 82 1
15 [Ca 20 120 20 40 197 114 B0 10 70 B

16 [Cd 590 20 4z 112 151 109 a0 17 113 43 —
17 [CI 990 160 17 3B 100 167 130 32 173 a7
18 [Co 500 120 27 Ea 125k 83 79 15 120 30
19 [Cr 320 120 24 Rz 128 7B 3 17 a1 28
20 |Cs 20 40 1o 132 266 121 39 7 7 o13]
21 |Cu 6530 120 249 63 128 a7 Iis 19 118 32
22 |F 990 200 g 19 iz 119 173 a0 39 1
23 |Fe 440 120 26 BB 126 23 79 18 116 32
24 |Fr 20 8] g7 223 269 194 40 5] 1 o13]
26 |Ga 7RO 120 31 53] 136 76 &0 15 29 31
26 |Ge 210 120 32 iz 122 87 79 20 118 33
27 |H 20 240 1 1 3z 0 136 22 a0 1
28 |He 1050 240 2 4 31 93 246 32 1 1
29 |Hf 200 40 72 172 1549 b15) 70 12 9k 44
30 |Hg 590 40 g0 200 151 116 103 20 147 27
31 1 990 20 53 126 133 206 105 27 163 44
32 |In 7RO g0 49 114 167 94 g 17 93 42
33 |Ir 500 40 77 1892 136 g2 g0 22 116 25
34 K 20 120 19 349 227 162 43 2 37 o13]

36 |Kr 1050 120 36 23 112 169 140 30 163 A7 =
M 4 b w[\periodic |4] | |
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What features stand out?

Scatter Plot

Electronegativity

125 150 175 200 225 250
lonization Energy HCiL



Correlation...What else?

Scatter Plot /

HCIL



... and Outliers

Scatter Plot

() ve

Electronegativity

HCIL




Demonstration

o

®* US counties census data
* 3138 counties

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

HCIL



Rank-by-Feature Framework: 1D
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Rank-by-Feature Framework: 2D
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A Ranking Example

3138 U.S. counties with 17 attributes
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HCE Status

[l 5 ftems selected
[ID_[Name __[Descri

46121 SD Toddy 8D Todd

46113 3D Shannon 5D Shann
46137 5D Ziebach 3D Ziebat
21183 KY Owsley  KY Owsle

18|
Clustering  Tool MWiew Window Help
. | MEDARR] S =B &
o 5
n CO a O ra I O n a n s_cowties_I Tvars Color Scale Bar
P

(Colummn-by-Coluran normalization by Standardization (Mean and Stdev)

|verage Linkage 903 38,35
[Pearson's £ : Centered, Unabsolute

sponsored by Eric
Hoffman: Children’s

1 of tems Left = 3130

secoms ] . ! 1 o

] . Minimum Similar .795 i of Clusters = 166 . of Alones = TX Gonzales
Field [Transforme «
HOMEVALLE ... -0,
INCOME 1599 E
PRCNTCOLL, -0,
PRCNTHSGR... B
| LIFEEXPECT. e
5 BREASTCAN, Ei
Bl POPCHANGE
. 2 POPLENSITY,
. 2 W1g
£| UREMPLOYED
& PRCNTBELD. ,
& FARMACRES
DFUFRTWQW
1 |
= s Datall Evaluaion
> ]} FOVERTVSE @ 2] Control ]
Order by | Scores Overvew Ordered List Make Viows | ¥ [~ Uss the Same Scale
Correlation Coefficient hd OMEVALUE2000 Rank | X axis ¥ axis. Score INCOME. i 0
Faaren e INCOME1999 BELOW1S. POPDENSITY2000 I
Linear carelation between two vars UNEMPLOYED

RCNTCOLLEGEZ000

PRCNTHSGRADS2000
IFEEXPECTANCY 5o,
REASTCANCER

* 72K lines of C++ codes
* 4,000+ downloads since ==

g

POPDENSIT..  PRCNTCOLLEG,
GC: BELOWIS INCOME] 4
. BREASTCAN, i PRCNTCOLLEGERT w05
PRC BELOWIS PRCNTCOLLEG, .. %
BREASTCAN... PRCNTHSGRAD. PRCNTCOLLEGE2000
L |
] Color Mosaic | ) Table View] ] Histogram Ordering 2] Scatterplot Ordering 5] Profile Search |

Fieady [ NOM |

* www.cs.umd.edu/hcil/hce

HCIL



Network Data
o

® Nodes & Links

* Relationships & communication
* Scientific/legal citations

* Difficult to complete tasks
* Occlusion
* Complexity




Network Data
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Nekwork

Network Data
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zation by Semantic Substrates (NVS5)

Supreme 1982 1997
o
B
o ] e
.
o
B
. . ® .
° e g o °
B
.
°
s o . ° [} ]
_ /
/
o o o o o
o 6 oo , o879 g8 88 , 8FT ;
0000/(20§%Sg g PR 2 8 o
° oa/g/o’ogoo 3 g ¢ 978 o g g o
o o, o aos o 8 28 9 0 8 o 8 9 9 8 o
© o , o o a ° o o] o § o o g 3 @
@ @ a o o ¢ 5 & g n°gsao o o Q
P a o © o 0 g 0 & 9 ° 3 a s of ©
& © 6 o 0o o ° § ° 8 Q e 5 0 g & ¢
< o 6 o o o9 8 28 8 go@ -1 g )
o o a °
o © 9 o o, o o 8 g 8 g 9 9 @ o 8
a a a Q [o] o 8 o
o o © o 2 9 9o © & o § o o
o o s o 8 ° o g ° o
o e o o o o o ©° o 8 o
. ° o ° 0 9 g o F 8 ° 5 8 8 % o o s 8 o
o o g o e o 5 g 28 8 g o 3 8 g s : 83
° . o o A 6o 99 g @ g o § 2 9 o 8
o o 9 o o & a o 0 G- o g Q
o o a IS i o o ° o
o °© 5 o o & 2 8 o 88 2 8 9 o208 98 30
o o o & 8 o Q 9 g o 8§ 5 & & s a
o a o O g 5] @ o o °o o g o 2
o o S & ¢ 8 g o 2 e O a o Q o
Circuit 1982 1987 1992 1997 2002
o o o
o R o o H 9 o 0o 2o o
o ° e ° o e o
° ° Q g9 9 0 ¢ 2 e o o 80 g O
° @ © o o o o 2 o 3 ® o o Q o
o © 5 ° o o o . @ 2 e 9 % e ¢ o 0 o ¢
o o o s o o o o o o
o QOOOQ:SOOO gogogogooo a
e e @ © o o ° o o ©° o
° o e ° o o ) [ ) e o e
o o PO I A - - TS A - B O
o o o © o o ® . 8 8 o & g e e ° o o o
° 9 o © o O o g ° 0o © © o o 0 4 o
° ° o o o o o o © °
R s 6 O g o o e o 9 ¢ o 8 o o
o © 0 o o o 2 o 0 o e ° 5 o ° ° g o ° o
o e o ° 9 o o e ° g o °
o o e o © o o ° 9 @ o o © o 6 o0 o 2 °
o s g o o 5 o ° 2 o 8 o ° o o @ o °
o ©° 5 o 6 o © o © o © o ° o
o o o o o 2 o o © 2 e 2 6 o 0 ° 8 o ¢ °
° P e 9 3 e o 9 s © o °
o © ° o 2 ©° o ¢ g 0 ° o o o © ©
o © ° e o 2 o o gog"a:gaoa o
o @ © 0 ° o o S o 9 ° e 2 8 o o o o
° o ° e ° o ° ° ° °
District 1982 1987 1992 1997

ST |

REGIONS
52 @ [ Supreme
580 [ [ ] Circuit
481 [ District
CITES
55 M ] Supreme to Supreme
13 M [l Supreme to Circuit
8 M [ ] Supreme to District

o M []Circuit to Supreme
0l [circuit to Circuit
o M []Circuit to District

o M []pistrict to Supreme
0 M []pistrictto Circuit
0 M [ ] District to District

RANGES
Supreme;
BIE
2002 -- 2005
[ cireuit
LIS ]
1979 -. 2005
[ District

LIS ]

1078 - 2005

H ? “
K

Copyright (C) 2006 Univ. of Marytand

£ Network Yisualization by Semantic Substrates (N¥55)

ile Edit View Tools Help

Supreme 1982
] e
L]
°® : " ° e
e L] ] -
@ 4 ° R
o a
o
o (o]
o o
a
© 8
Circuit 1982
. 8
a a
a a
8 a a
a
a a

cee
88

°

=101%|

REGIONS
52 W [] Supreme
112 [] [] Circuit
123 [ [ District
CITES
0 W [ ] Supreme to Supreme
0 M [ ]Supreme to Circuit
0 M [ |Supreme to District

19 M [ ] Circuit to Supreme
21|
N |

ircuit to Circuit

ircuit to District
o M []District to Supreme
o M [ ]District to Circuit
0 W []District to District

RANGES
[ Supreme

v &l

1978 - 2005

Circuit

KT

1995 - 1996

[ District

v K]

District

1982

1980 -- 2001

HCIL @},

."Mr\ (S

Copyright {C) 2006 Univ. of Manyand

Hcii;




Take Away Message

Rank-by-Feature Framework

®* Decomposition of complex problems
into multiple simpler problems wins

®* Ranking guides discovery
* Systematic strategies

www.cs.umd.edu/hcil/hce
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T
¥ 6th Creativity & Cognition Conference

CC 2 0 0 7 Seeding Creativity: Tools, Media, and Environments

June 13-15, 2007, Washington, DC USA
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