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

( www. cs. umd. edu/ hci l )



U.S. Library of Congress

• Scholars, Journalists, Citizens

• Teachers, Students



Visible Human Explorer (NLM)

• Doctors

• Surgeons

• Researchers

• Students



NASA Environmental Data

• Scientists

• Farmers

• Land planners

• Students



Bureau of the Census

• Economists, Policy 
makers, Journalists

• Teachers, Students



NSF Digital Government Initiative

• Find what you need
• Understand what you Find

www. i l s. unc. edu/ govst at /

Census,
NCHS,
BLS, EIA,

NASS, SSA



International Children’s Digital Library

www. chi l dr ensl i br ar y. or g 



Design Issues

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

• Output devices & formats
• Screens, windows, color, sound
• Text, tables, graphics
• Instructions, messages, help

• Collaboration

• Help, tutorials, training

www. awl . com/ DTUI



Design Issues

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

• Output devices & formats
• Screens, windows, color, sound
• Text, tables, graphics
• Instructions, messages, help

• Collaboration & Social Media

• Help, tutorials, training
• Search & Visualization

www. awl . com/ DTUI

Fifth Edition: March 2009



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)



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



ManyEyes: A web sharing platform

ht t p: / / ser vi ces. al phawor ks. i bm. com/ manyeyes/ app



Spotfire: Retinol’s role in embryos & vision



Spotfire: DC natality data





100M-pixels & more

Large displays 
for single users

i nf ovi s. cs. vt . edu/ gi gapi xel



Multi-Var: Hierarchical Clustering Explorer

www. cs. umd. edu/ hci l / hce/

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

- a user             



Information Visualization: Mantra

• Overview, zoom & filter, details-on-demand
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Information Visualization: Data Types

• 1-D Linear Document Lens, SeeSoft, Info Mural

• 2-D Map GIS, ArcView, PageMaker, Medical imagery

• 3-D World CAD, Medical, Molecules, Architecture

• Multi-Var Spotfire, Tableau, XGobi, TableLens, ParCoords 

• Temporal LifeLines, TimeSearcher, DataSpiral, DataMontage

• Tree Cone/Cam/Hyperbolic, SpaceTree, Treemap

• Network Pajek, JUNG, SocialAction, .netmapIn
fo

V
iz
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Treemap: Stock market, clustered by industry

www. smar t money. com/ mar ket map 



Market falls steeply Feb 27, 2007, with one exception



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



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



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



Treemap: Gene Ontology

http://www.cs.umd.edu/hcil/treemap/



www. hi vegr oup. comTreemap: Product catalogs





Treemap: NY Times – Car&Truck Sales

www. cs. umd. edu/ hci l / t r eemap/



Treemap: Encyclopedia of Life (1.8M species)

ht t p: / / eol . or g 





LifeLines: Patient Histories



LifeLines: Customer Histories

Temporal data visualization

•Medical patient histories
•Customer relationship 

management
•Legal case histories



Temporal Data: TimeSearcher 1.3

• Time series
• Stocks
• Weather
• Genes

• User-specified
patterns

• Rapid search



Temporal Data: TimeSearcher 2.0

• Long Time series (>10,000 time points)
• Multiple variables
• Controlled precision in match

(Linear, offset, noise, amplitude)



TimeSearcher: Shape Searcher Edition



LifeLines2: Align-Rank-Filter



Search: Task Analysis



Search: Task Analysis



Discovery Process: Task Analysis

Specific fact finding (known-item search)
On what day was Barack Obama born?           <Google succeeds>
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Discovery Process: Task Analysis

Specific fact finding (known-item search)
On what day was Barack Obama born?           <Google succeeds>

Extended fact finding (vague query)
What cities did Barack Obama live in since he became a Senator?

Exploration of availability (vague result request)
What genealogical information on Barack Obama is at the National Archives?

Open-ended browsing and problem analysis (hidden assumptions)
How has Barack Obama’s position on the environment changed since 2001?

Mismatch with metadata (requires exhaustive search)
How has Barack Obama’s choice of clothing changed during his campaign?
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Discovery Process: Task Analysis

Specific fact finding (known-item search

Extended fact finding (vague query

Exploration of availability (vague result request

Open-ended browsing and problem analysis (hidden assumptions

Mismatch with metadata (requires exhaustive search

1-minute

Weeks 
&

Months



Discovery Process: Design Challenges

Enrich query formulation 

Expand result management

Enable long-term effort

Enhance collaboration

Deal with special cases:
- Comprehensive: Legal, patent, medical
- Negation: Patent, pharma
- Exceptions: Outlier documents
- Bridges: Connecting
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Discovery Process: Design Possibilities

Enrich query formulation

Expand result management

Enable long-term effort

Enhance collaboration

Previous & Similar
Structured input
Spell check
Query previews

Finding Aids

Limit:
Time
Geography
Language
Sources
Media
. . .



Discovery Process: Design Possibilities

Enrich query formulation 

Expand result management

Enable long-term effort

Enhance collaboration

Ranking (Social, …)
Snippets + Handles
Highlighting

Clustering:
Dynamic generation
Meaningful & Stable

Visualization:
By attributes

Summarization



Discovery Process: Design Possibilities

Enrich query formulation 

Expand result management

Enable long-term effort

Enhance collaboration

Save & Replay
Edit & Grab
Mark & Annotate
Compare

Notebooks

History-keeping

Systematic Yet 
Flexible Strategies



Discovery Process: Design Possibilities

Enrich query formulation 

Expand result management

Enable long-term effort

Enhance collaboration

Send email
Announce, publish…
Export: web, slides…
Record video 

Comment, blog…
Wiki
Share screen

Tagging & voting
Feedback to search



Discovery Process: Design Challenges

Enrich query formulation 

Expand result management

Enable long-term effort

Enhance collaboration

Deal with special cases:
- Comprehensive: Legal, patent, medical
- Negation: Patent, pharma
- Exceptions: Outlier documents
- Bridges: Connecting



Collaboration: Tagging & voting



www. hi vegr oup. com

Treemap: Digg Overview



Treemap: Newsmap

mar umushi . com/ apps/ newsmap/ newsmap. cf m



PhotoMesa: Zooming Exploration





Discovery Process: Strategies



Vivisimo & Exalead: Dynamic overviews



SERVICE: Categorized Overviews

www. cs. umd. edu/ hci l / cat egor i zedover v i ew/



Grokker: Overviews & Maps



Grokker: Overviews & Maps



Discovery Process: Combinformation

Help in formulating queries

Offer finding aids and introductions to fill in missing knowledge

Provide overviews to show context for search results
- geo-maps
- timelines
- concept maps
- thesauri, taxonomies, directories

ecol ogyl ab. cs. t amu. edu/ combi nFor mat i on/



Discovery Process: Combinformation

Help in formulating queries

Offer finding aids and introductions to fill in missing knowledge

Provide overviews to show context for search results
- geo-maps
- timelines
- concept maps
- thesauri, taxonomies, directories



Discovery Process: Design Challenges

Enrich query formulation 

Expand result management

Enable long-term effort

Enhance collaboration

Deal with special cases:
- Comprehensive: Legal, patent, medical
- Negation: Patent, pharma
- Exceptions: Outlier documents
- Bridges: Connecting



Research Methods

Controlled experiments

Repeated interventions

Logging usage patterns

Multi-dimensional In-Depth Long-Term Case Studies
(MILCs)

Domain experts doing their own work
for weeks & months



MILC example

• Evaluate 
SocialAction

• 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

(Perer & Shneiderman, CHI2008)



Science 1.0

• Reductionist
• Controlled 

Experiments
• Laboratory
• Natural World



Science 1.0         +     Science 2.0

• Reductionist � Integrated
• Controlled � Interventions +

Experiments Case Studies 
• Laboratory � Situated
• Natural World     � Made World



Science 1.0         +     Science 2.0

• Reductionist � Integrated
• Controlled � Interventions +

Experiments Case Studies 
• Laboratory � Situated
• Natural World     � Made World

• Hypothesis Testing � Hypothesis Testing
• Predictive Theories � Predictive Theories 

• Replications            � Replications

Science 319 (March 7, 2008)    www. cs. umd. edu/ hci l / sci ence20



26th Annual Symposium
May 28-29, 2009

www. cs. umd. edu/ hci l



Network Data

• Nodes & Links
• Relationships & communication
• Scientific/legal citations

• Difficult to complete tasks
• Occlusion
• Complexity



Network Visualization with Semantic Substrates

• Meaningful
layout 
of nodes

• User 
controlled
visibility 
of links



www. cs. umd. edu/ hci l / NVSS

Network Visualization with Semantic Substrates



NVSS: Citation Historiographs

Help in formulating queries

Offer finding aids and introductions to fill in missing knowledge

Provide overviews to show context for search results
- geo-maps
- timelines
- concept maps
- thesauri, taxonomies, directories



ReaderReader ContributorContributor CollaboratorCollaborator LeaderLeader
All

Users

The Reader-to-Leader Framework:
Motivating Technology-Mediated Social Participation

(Preece & Shneiderman, AIS Trans. on HCI, 2009)



Research Methods

Controlled experiments

Repeated interventions

Logging usage patterns

Multi-dimensional In-Depth Long-Term Case Studies
(MILCs)

Domain experts doing their own work
for weeks & months



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)



26th Annual Symposium
May 28-29, 2009

www. cs. umd. edu/ hci l



World-Wide Web links

• Developed & tested embedded menus (1983)
that became “hot spots” (Berners-Lee, 1989)

• First electronic book (1989):
Hypertext-Hands On



Hypertext on Hypertext – CACM July’88


