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y Historical Collections for the National Digital Library

® Scholars, Journalists, Citizens

® Teachers, Students
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NASA Environmental Data
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Bureau of the Census

® Economists, Policy
makers, Journalists

® Teachers, Students
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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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Design Issues

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

® Qutput devices & formats
* Screens, windows, color, sound
* Text, tables, graphics
* |nstructions, messages, help S IS -

® Collaboration & communities www.awll .com/DTUI
® Manuals, tutorials, training
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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 READINGS IN

e Human perceptual skills are remarkable IlNFORMATION
« Trend, cluster, gap, outlier... VISUALIZATION
- Color, size, shape, proximity... USING VISION

* Human image storage is fast and vast

® Opportunities
* Spatial layouts & coordination
* Information visualization
* Scientific visualization & simulation
* Telepresence & augmented reality S
* Virtual environments Jock MACKINLAY

BEN SHNEIDERMAN

ro THINK
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Spotfire: DC natality data

©  dcnatality4 - Spotfire DecisionSite 8.0
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@ Cell Cycle siRNA Plate 1 - Spotfire GE Healthcare DecisionSite
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Multi-Var: Hierarchical Clustering Explorer
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HCE Status

® |n collaboration and
sponsored by Eric
Hoffman: Children’s
National Medical Center

® Categorical Variables:
4.0 beta, May 2005

® 60K lines of C++ codes,
58 Classes

® 2 000+ downloads since
April 2002
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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
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Information Visualization: Data Types

N ® 1-D Linear Document Lens, SeeSoft, Info Mural, Value Bars
>l ® 2-D Map GIS, ArcView, PageMaker, Medical imagery
8 ® 3-D World CAD, Medical, Molecules, Architecture
® Multi-Var Parallel Coordinates, Spotfire, XGobi, Visage,
N Influence Explorer, TableLens, DEVise, HCE
% ® Tem poral Perspective Wall, LifeLines, Lifestreams,
HE Project Managers, DataSpiral
— | ® Tree Cone/Cam/Hyperbolic, TreeBrowser, Treemap
® Network Netmap, netViz, SeeNet, Multi-trees

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

Hcii;



Treemap: view large trees with node values
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(Shneiderman, ACM Trans. on Graphics, 1992 & 2003) HCIL



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
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Treemap: WHC Emergency Room
(6304 patients in Jan2006)
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Treemap: WHC Emergency Room
(6304 patients in Jan2006) (only those service time >12 hours)

File Onptions Help

paded at 12:08:13 on 02/19/2006
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LifeLines: Patient Histories

Fneumonia IKneeSurger}r
Blood EKG
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LifeLines: Customer Histories

®
= Linda Sinpson OEDEE#614345 (MMOST =
Mrs Linda Simpson 5-26-1998 black pb Linda BD "url™ 13 EECEI‘TT:IP
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Temporal Data: TimeSearcher 1.3

® Time series
* Stocks
* Weather
* Genes
® User-specified
patterns
® Rapid search

TimeSearcher...SZ weeks of closing prices : B (=] 4
File Edit View Transform Help
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Temporal Data (Real): 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] = |EI |i|
Fle Edit Cuery  View [Dabta  Help
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Temporal Data (Categorical): PatternFinder

File Data
Person/People Event Box 1 EventBox2
Narme Type . W Span | Trme O
| j Lewvel 1 |Test - Level 1 |Test -
Age Level 2 |BloodWark *] Level 2 |Blood'wWark — « M
0 o
10 | | g | Lewel 3 |WBC A r Level 3 |WBC - ' i
Yalue c Walue & Constraint
Gender 2
o [ = |3 [ oo (I = [
v Female 14
W Male
05-Sep-2005 Min Date M ax D ate 11-0ct-2005
Current Cluery: [05-5ep-2005,05-Sep-2005] ~
Test Blood wWork WEC MurnernicalGueryControlz. Range[10,93] [zimple) Bun Buery
TimeSpan Days [2.14] bt
Wisualization l Table ] B matches found
Busk, Rosie 'i l/ :' b
Dickinson, Marilynn i) )

MNapier, Pamella z ®
C

@ O
Tue, Doreen )

{Span: 2 days
Starting Event: 03-Oct-2005 - Test.Blood Work. WBC -> 12.35
Ending Event: 05-0Oct-2005 - Test.Blood Work. WBC -= 15.80

v Show All Events 15-5ep-2005 11-0ct-2005 ‘

www.cs.umd.edu/class/Tal12005/cmsc434/projects/hippocrates/434/index.html HCIQ



PatternFinder Interface

_lojx

Person/People Event Box 1 EventBox 2
M ame Tepe . im ¥ Span Type O

I j Level1 |Medications = # Events _ Lewel 1 |Wisit =~
i -
hge Level 2 |Ant Depressan ™ Hours Level 2 |Hospital -

L hd
e || B Days ITu:utaI "I Dlays 0
Level 3 |Rememon il Week Level 3 |Emergency hd
)| L« 7| | | : . "l-“' 353| | =l ! Add
Valus . Value Constraint
Gender ¢ ¥
4 p 4125 ¢ [T &uto Accident "
¥ Female v lﬁﬂﬂelatwe Values1 22| 180 [~ Bone Fracture
v Male ’|-‘ ¥ Heart Attack
[T Kidney Stone
01l an-2005 Min D ate Max Date | 30-Dec-2003

People Selected: 6 of 950 Bun Query

Patients with increasing dosages of Remeron
followed by a heart attack within 180 days

Hcifi}




Result set visualization: ball & chain

Visualization I Table | & matches found [

Braham, Burton ‘ ‘ : O

Elsas, Darnell .. O

Fuchs, Layton . . (}

Greif, Gage _. . ()

Kem, Leola I~ N W 3

Williams, Azura Span: 171 days |
Starting Event: 05-May-2005 - Medications.Anti Depressants.Remeron -> 100
Ending Event: 23-Oct-2005 - Medications.Anti Depressants.Remeron -> 120

[ Show All Events 01-Jan2005 )| ( 300602005

Five matches!

Patients with increasing dosages of Remeron

followed by a heart attack within 180 days
www.cs.umd.edu/hcil/patternfinder HCiE}



Current work

Washington Hospital Center & Partners HealthCare
- Developing taxonomy of simple queries
based on interviews with physicians
- Designing interface to fit in Azyxxi
- Implementing simple searches:

»Lab value [HGB] increases by 50% in 10 days

»Lab value [Platelets] is high in a patient on heparin,
then decreases > 20%

»Patient seen at ER & discharged, then returns to ER within 14 days

»Patient seen at ER & discharged, then returns to ER within 14 days
& condition = [dead] -
HCIL )



Patient History Search: WHC- PatternFinder

Pattern Search

Available Fields

Filter 1
MEN |
ge
o s
| Lab_0ObservationDiTm
AbnormalFlags L
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Yalue -
Units
3{;‘ Filter 2
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Show B all-and-Chain Yiew

(X]

Lt

www.cs.umd.edu/Zhcil/patternfinder
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Search Engine Optimization

Multiple self-joins are poorly handled in SQL Server
Very slow execution times

- Add hand-written code in .NET to produce
dramatic speed up in execution

HCIL



LifeLines2: Align-Rank-Filter

- Multiple records simultaneously visible
- Align by sentinel events

- Rank by frequency

- Filter by events

HCIL



LifeLines2: Align-Rank-Filter

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

Records 47/47

¥1000000026
V-
Acute myocardial in
Coronary atheroscl
Hypertensive disea
Intermediate coron
Other and unspecifi
Postmyocardid infa
¥1000000028
V-
Hypertensive disea
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-
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¥1000000037
-
Hypertensive disea
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Acute myocardial in
Coronary atheroscl
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Intermediate coron
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-
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[ »
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PI {I
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2
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LifeLines2: Align-Rank-Filter

= g B BVE de-ide ed real data ]
File  About
Records 42/47 | :1/ ARF Controls | Preferences
Align by...
®1000000018
|calendar | - |
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B1000000023
) name
A A A B (0 #times | | |
> 2 .
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®1000000026 L 7 #ftimes H
A ) sequence
A
B1000000028
A
®1000000031 | Expand 4l
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LifeLines2: Align-Rank-Filter

=

4 = = = = (e (e £ =I5 ddld L]
File About
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1000000011 | lstHAcute myocardial infarction{7) |v|
A R
ank by...
A A v
®1000000026 (®) name
P 0 #imes | | |
A .
®1000000043 Filter by...
P @ nothing
r 0 Fftimes
1000000045 H
]‘ A ) sequence
A r'y
1000000052 =
A Expand al
1000000054 Legend B
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Aligned by [1st Acuke myocardial infarction]

Hcii;



LifeLines2: Align-Rank-Filter

=

File  About

Records 7/47

Rank b\,f [# of Acute myocardial infarction]

Align by [ 1st Acute myocardial infarction]

IC
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1000000045
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Aligred by [1sk Acuke myocardial infarction] Ranked by [# of Acute myocardial infarckion]
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Goal: Empowering Knowledgeable Users

® |Interactive visualizations to enable
* Influential discoveries
* Bold decisions

® Users can detect

e Patterns * Gaps
* Clusters * Outliers

* Relationships ® Anomalies

® Even in the presence of
* Missing, uncertain, deceptive data

HCIL



Current Tools for Exploratory Search

® Information abundant displays
® Multiple coordinated windows

®* Dynamic queries for filtering
* Rapid incremental and reversible actions

® Easy data import/export
® Powerful annotation and collaboration
® History-keeping for reversibility & repetition

Hcii;



Next Generation Advances

Support systematic exploration

1) Incorporate
e Statistical tools
* Data mining methods

2) Accommodate diverse data types

3) Integrate into organizational workflow
e Social creativity harnesses diverse skills
* Organizational learning promotes quality

HCIL



Health & Wellnhess Technologies

®* More people are familiar with technologies
® Low cost makes them widely available

® Social shift to take great personal responsibility for
personal health care, fithess & wellness

- Personal medical devices & medical records

However:

® Lack of interface commonality inhibits growth
® Lack of file standardization prevents collaboration

Surveys: www.cs.umd.edu/hcil/iHealth/ ;
Class Projects: www.cs.umd.edu/class/spring2004/cmsc434/ HC'E}



Improve & Standardize Home Medical Devices

Monitors Issues

*Glucose eEase of use

eBathroom scale sAccuracy

Thermometer |Interpretation

*Blood pressure *Logging

*Breath eAnnotation

Fat «Save/Send
*Visualize

http://www_marketresearch.com/map/prod/924670.html HCTL



Leonardo’s Laptop

e E-learning: The new education

e E-business: The new commerce

olE-healthcare: The new medicine

 E-government: The new politics

* Mega-creativity

e Grander Goals & The Next Leonardo

www.cs.umd.edu/hcil/newcomputing Hcii;
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For More Information

® Visit the HCIL website for 350 papers & info on videos
www.cs.umd.edu/hcil

® Conferences & resources: www. infovis.org

® See Chapter 14 on Info Visualization
Shneiderman, B. and Plaisant, C., Designing the User Interface:
Strategies for Effective Human-Computer Interaction:
Fourth Edition (April 2004)  www.awl .com/DTUI

® Edited Collections:
Card, S., Mackinlay, J., and Shneiderman, B. (1999)
Readings in Information Visualization: Using Vision to Think
Bederson, B. and Shneiderman, B. (2003)
The Craft of Information Visualization: Readings and Reflections

Hcii;



For More Information

® Treemaps

* HiveGroup: www.hivegroup.com

¢ Smartmoney: www . smartmoney . com/marketmap

* HCIL Treemap 4.0: www.cs.umd.edu/hcil/treemap
® Spotfire: ww.spotfire.com

®* TimeSearcher: www.cs.umd.edu/hcil/treemap
® Hierarchical Clustering Explorer:

www .cs.umd.edu/Zhcil/hce

HCIL
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