
Beyond Book SpinesBeyond Book Spines

Visualizing Library ComplexityVisualizing Library Complexity

Naomi DushayNaomi Dushay

Core IntegrationCore Integration
Cornell UniversityCornell University



NSDL ChallengesNSDL Challenges
Broad audienceBroad audience

Targeting for our vital constituents is difficultTargeting for our vital constituents is difficult

Large VolumeLarge Volume
ResourcesResources
UsersUsers

Broad contentBroad content
Types of resourcesTypes of resources
TopicsTopics
Collection of collectionsCollection of collections

Metadata QualityMetadata Quality
Wildly inconsistent (what fields are used, what info is present)Wildly inconsistent (what fields are used, what info is present)
Missing informationMissing information
Inconsistent use of controlled vocabulariesInconsistent use of controlled vocabularies

Disparate Quantities (by subject, by collection):  7 vs. 600,000Disparate Quantities (by subject, by collection):  7 vs. 600,000 items items 

Virtual Communities Virtual Communities 
Within communities, no agreement on needsWithin communities, no agreement on needs

Reduce human effort to keep costs downReduce human effort to keep costs down



Why Information Visualization?Why Information Visualization?

It’s about the It’s about the USERSUSERS

GOAL:  improve user satisfaction with GOAL:  improve user satisfaction with 
digital library services and resourcesdigital library services and resources

Narrower goal:  improve online browsingNarrower goal:  improve online browsing



Search and BrowseSearch and Browse
False dichotomy!False dichotomy!

Many different user tasksMany different user tasks

Multiple ways to present results to usersMultiple ways to present results to users
Should the presentation vary with quantity and/or Should the presentation vary with quantity and/or 
context of results?context of results?

e.ge.g, “browse” may be a certain presentation of subject , “browse” may be a certain presentation of subject 
search resultssearch results



A Short List of User TasksA Short List of User Tasks

““Known Item Search”Known Item Search”
Single Item SearchSingle Item Search
Answer to a QuestionAnswer to a Question
x “Best” Resourcesx “Best” Resources

Most informative? Easiest to access? Most appropriate to 8Most informative? Easiest to access? Most appropriate to 8thth graders?graders?

AllAll Germane ResourcesGermane Resources
Sense of the Information SpaceSense of the Information Space
Serendipitous FindsSerendipitous Finds

… still looking for user needs and tasks analysis for informatio… still looking for user needs and tasks analysis for information discovery …n discovery …

} Inputs may 
be fuzzy



Problem Narrowed FurtherProblem Narrowed Further
Improve evaluation of resource relevance Improve evaluation of resource relevance 
without having to “go there”without having to “go there”

“See and Go Manifesto” “See and Go Manifesto” RamanaRamana RaoRao
Allow users to manipulate result presentationAllow users to manipulate result presentation

What do we miss when we can’t walk  What do we miss when we can’t walk  
through the stacks? through the stacks? 

Sense of information spaceSense of information space
Serendipitous findsSerendipitous finds



Information Organization Information Organization 
Books, Bookcases, Book Spines, Catalogs Books, Bookcases, Book Spines, Catalogs 
all evolved over timeall evolved over time

library staff/user needslibrary staff/user needs
bookstore staff/customer needsbookstore staff/customer needs
organized by organized by subjectsubject

We are taught how to use libraries We are taught how to use libraries 
how resources are organizedhow resources are organized
how to use tools (card catalog, OPAC)how to use tools (card catalog, OPAC)



A Brief, Recent History of A Brief, Recent History of 
Information Discovery Information Discovery 

Card catalog  Card catalog  (the world begins here)(the world begins here)

OPAC w/o keywordOPAC w/o keyword
OPAC w/ keywordOPAC w/ keyword
Internet, before WWWInternet, before WWW
WWW before any catalogingWWW before any cataloging
Yahoo, Alta Vista, etc.Yahoo, Alta Vista, etc.
GoogleGoogle

Open vs. 
Closed 
Stacks



More Information OrganizationMore Information Organization

““binned” thenbinned” then
(possibly) sub(possibly) sub--binned thenbinned then
sorted (alphabetical, size, format …)sorted (alphabetical, size, format …)

Note tension between linear ordering and Note tension between linear ordering and 
hierarchical classificationhierarchical classification

LocationLocation and and Book SpineBook Spine



Book SpinesBook Spines
Aid information discovery while allowing efficient Aid information discovery while allowing efficient 
book storagebook storage
Surrogate for bookSurrogate for book

surrogate closely related to resourcesurrogate closely related to resource

Visual (color, size, shape …)Visual (color, size, shape …)
Aimed at multiple audiencesAimed at multiple audiences

Bookstore staffBookstore staff
Potential usersPotential users

NISO standardNISO standard



Can We Improve Reality?Can We Improve Reality?
A resource A resource cancan be in multiple places at oncebe in multiple places at once
2 or 3 dimensional organization instead of linear2 or 3 dimensional organization instead of linear
Organization can be dynamicOrganization can be dynamic

User User manipulablemanipulable
Can use Can use proximityproximity to indicate relationshipsto indicate relationships

Can we make visual surrogate richer?Can we make visual surrogate richer?
Semantic zoom for resource?Semantic zoom for resource?

Different users have different needsDifferent users have different needs
Visual surrogate … user selected?Visual surrogate … user selected?

Staff can alter organization of stored resources without Staff can alter organization of stored resources without 
affecting users’ viewsaffecting users’ views
Flexibility:  organizing a very large collection has Flexibility:  organizing a very large collection has 
different constraints than organizing a small collectiondifferent constraints than organizing a small collection



The Big QuestionsThe Big Questions

How do we present shelves of book spine How do we present shelves of book spine 
information to our users within a monitor information to our users within a monitor 
screen?screen?

What should a virtual spine look like?What should a virtual spine look like?



Design NotesDesign Notes
TensionTension

intuitive, familiar intuitive, familiar new capabilities, changenew capabilities, change

Semantic zoomSemantic zoom
spec (spec (partial partial bookspinebookspine info: color, position) info: color, position) 
bookspinebookspine info info 
full metadata full metadata 
resource itselfresource itself

User manipulabilityUser manipulability

Text issuesText issues
horizontal, not vertical horizontal, not vertical 

Most materials in EnglishMost materials in English
default sort is alphabeticaldefault sort is alphabetical



Browse by SubjectBrowse by Subject

PrototypePrototype
Semantic zoom:  spec (Semantic zoom:  spec (partial partial bookspinebookspine info: info: 
color, position) color, position) bookspinebookspine info info full full 
metadata metadata resource itselfresource itself

(demo)(demo)





Prototype Next StepsPrototype Next Steps

Click through for resourceClick through for resource
API API 

Any fielded dataAny fielded data
Search results?  Colored by rank?Search results?  Colored by rank?

Any tree structure for any fielded dataAny tree structure for any fielded data

Multiple field values Multiple field values 
JitterJitter
ScalingScaling

When too much, scroll it (a la When too much, scroll it (a la spotfirespotfire)?)?

Table view (Table view (sortablesortable, selectable, searchable, like , selectable, searchable, like 
spotfirespotfire))



The Metadata FrontierThe Metadata Frontier

Missing informationMissing information
Automatically generated  (full text, Automatically generated  (full text, iViaiVia, , kthkth nearest nearest 
neighbor, support vector … based on training set)neighbor, support vector … based on training set)
Supplied by community  (ENC?)Supplied by community  (ENC?)

Controlled vocabulariesControlled vocabularies
Automatic translation ?Automatic translation ?

Data mining?Data mining?

ValueValue--added services to motivate providersadded services to motivate providers



Content Content vizviz, continued, continued

Subject as graph (inherent relationships) Subject as graph (inherent relationships) ––
tree?tree?
Vastly uneven leaf levelsVastly uneven leaf levels
Sparsely populated nodes in tree?Sparsely populated nodes in tree?
To explore:  items pertaining to multiple To explore:  items pertaining to multiple 
subjects at multiple levels in hierarchy subjects at multiple levels in hierarchy ––
explore “interdisciplinary” items and topics explore “interdisciplinary” items and topics 
(“see also”) … what do they tell us?(“see also”) … what do they tell us?
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The Problem

NSDL 2004

C(1)         0.00000   0.00000 0.00000
C(2)        -1.47100   0.40500   0.17200   
C(3)        -2.39200  -0.52700  -0.62900   
C(4)        -1.99900  -0.54400  -2.11300   
C(5)        -0.52700  -0.94800  -2.28500   
C(6)         0.39400  -0.01600  -1.48400   



The Problem

NSDL 2004



Solutions

NSDL 2004

Depth queuing
Shadows

Perspective
3D techniques

User manipulation



Solutions – Depth Queuing

NSDL 2004



Solutions – 3D

NSDL 2004



Solutions – Shading

NSDL 2004



Solutions – 3D

NSDL 2004



Other Solutions

NSDL 2004

VRML
CHIME

RASMOL
JMOL



Reciprocal Net

NSDL 2004



Reciprocal Net

NSDL 2004



Reciprocal Net

NSDL 2004

Reciprocal Net home:  http://reciprocalnet.org

MiniJaMM page: 
http://www.reciprocalnet.org/recipnet/showsample.jsp?sampleId=273443
80&sampleHistoryId=16086&level=8192&applet=jamm2&setApplet=1

JaMM2: 
http://www.reciprocalnet.org/recipnet/jamm.jsp?sampleId=27344380&sa
mpleHistoryId=16086&jamm=JaMM2

Morphology: http://www.iumsc.indiana.edu/morphology/sucrose.html

Morphology: http://www.iumsc.indiana.edu/morphology/solids.html

DoubleJaMM: http://www.iumsc.indiana.edu/Symmetry/Octrahedral.html



Reciprocal Net

NSDL 2004



Reciprocal Net

NSDL 2004



Reciprocal Net

NSDL 2004



Reciprocal Net

NSDL 2004



Reciprocal Net

NSDL 2004



Reciprocal Net

NSDL 2004

For more information, contact 

John C. Huffman

huffman@indiana.edu

http://recipnet.org

http://reciprocalnet.org

http://www.iumsc.indiana.edu



Creating data exploration programs for 
educational use

Marianne Weingroff
Instructional Designer, DLESE Program Center

http://www.dlese.org, support@dlese.org
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2 Overview

• A model of levels of learning /  
understanding and the types of digital 
resources that can support them

• 3 visualization programs that support 
higher-order levels of learning  
• All are reworks of existing 

programs – done to make 
them more user friendly 
and educationally useful

• Tips for designing 
effective, educational, 
exploration environments
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3 Tying learning goals to resource types

* Bloom, B.S., Engelhart, M.D., Furst, E.J., Hill, W.H., & Krathwohl, D.R. (1956). Taxonomy of educational objectives: 
The classification of educational goals. Handbook I: Cognitive domain. New York: Longman.

*
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Level of learning
(from basic to 

complex)

You want 
students to be 

able to:

Types of resources to 
look for in digital 

libraries

Frequently used teaching 
approaches

Higher order thinking skills…
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5 Examples of resources that support different 
levels of understanding
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6 Targeting higher-order skills: Jules Verne Voyager
Exploring images and features of the Earth
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7 Plate boundaries, earthquakes, volcanoes – aha! 

UNAVCO, http://jules.unavco.org/VoyagerJr/Earth
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8 Set plate velocities to see how plates move in 
relation to each other (reason for EQs + volcanoes) 
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9 Sea floor spreading – Mid-Atlantic Ridge
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10 Types of educational supports

• Structured curriculum activities
• Questions to explore

• Guide users in their 
exploration of the program

• ‘Did You Know’s
• Info about particular 

locations and phenomena
Help
• Technical information 

• Legends, how to interpret the maps, data sources  
• Explanatory information

• What the maps and overlays mean, putting them 
in context
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11 Seismograms (recordings of seismic activity)
• Various websites provide current earthquake information
• My concerns when asked to help rework one

•How do users make sense of it, what it means
•What are seismograms used for -> a major way of 
learning about Earth’s structure 
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12 Major program for finding current EQ information 

IRIS, http://www.iris.edu/seismon/
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13 Getting to the data…
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14 Here’s the data. For non-scientists, what’s it mean?
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15 Revised version: Adding context to the data
Seismograms are 1 – 2 map clicks away
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16 Location of EQ and stations, how waves move 
thru Earth, types of waves, explanations…
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17 Cross-section will show waves moving thru Earth
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18 24-hr data at one location (are there any EQs?)
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Classroom challenges identified by professor
• Even after studying a phenomena in class, 

students often had a fragile and incomplete 
understanding of the underlying physical 
processes

• Students had difficulty using scientific tools and 
data, especially in inquiry environments

• Professors encountered real practical and 
technological hurdles when using data

Data challenges
• Data access needed to be linked to appropriate 

tools and guided by relevant educational context

Challenges in teaching meteorology
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• Inquiry-based curriculum to guide student 
exploration

• Learner-centered interface to a scientific 
visualization tool

• Concept models to help students understand 
scientific principles and their role in data

• A suite of El Niño-related 
data sets adapted for 
student use 
(and connections 
to real-time data)

Visual Geophysical Exploration Environment (VGEE) 

http://www.dpc.ucar.edu/vgee/index.htm
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21 A scientific visualization tool (Integrated Data 
Viewer) customized for educational use
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22 VGEE philosophy & approach
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23 Step 1: Identify phenomena and patterns

Students notice that the Western Pacific is 
considerably warmer than the East
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Learners explore relationships (in this case, that upward motion, 
above average precipitation, and warm SST all occur together)

Step 2: Relate patterns



25

25 Step 3: Explain patterns
Concept models are used to explore and explain relations 
in an idealized context

Atmospheric 
sounding:
Vertical profile 
of atmospheric 
temperature 
and moisture
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26 Step 4: Integrate understanding
Concept models are used to probe the data. Helps 
students apply basic physics toward understanding 
geoscience data
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27 Creating educationally useful visualization 
and data exploration environments

Impetus: 
• Funding sources increasingly want scientific 

organizations and research grants to have an 
educational component 

• Scientists may want to take existing research programs 
and convert them for educational use

Problems:
• Can be hard to redesign programs for use by 

non-experts
• Programs may have obscure features and options 
• Designs may be too complex and hard to understand
• May be insufficient help and educational supports
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28 Suggestions for creating effective programs

Follow a design process
• Define your audience 

• May be able to address a broader audience than
you think by making adaptations to your program

• Define your goals 
• What you want users to be able to do & learn 
• Use that info to define your features/capabilities

• Create your design (on paper, PPT…). Test it!!!!!!!!!
• Plan your educational materials and supports; test 

them; start development
• Create the interface pieces – graphical elements, 

navigational system
• Do the programming and assemble the pieces
• Test, revise, retest…
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29 Design tips

• If you want a broad audience, consider having 
basic vs. advanced features and functions

• Avoid ‘feature creep’ – just because you can do 
something doesn’t mean you should put it in your 
program (stay focused on your audience and 
goals!)

• Writing issues:
• Be concise (users tend not to read lots of text)
• Write clearly – informal, active voice (very 

different from writing an article)
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30 Educational activities

• Provide a range of educational activities
• Structured curriculum for teachers to use

• Particularly useful for new teachers and those 
teaching out of discipline

• Also useful when programs, concepts, and data 
are difficult to understand 

• For K-12 levels, tie your curriculum to educational 
standards - you’ll get FAR more use!

• Open-ended questions that help users  
explore and work with the program
• Provide ideas and suggestions for what to 

explore – makes users feel more comfortable,  
gives them a sense of the kinds of things they 
can explore
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31 User interface

• Have a well-designed interface (easy to 
use)
• Create standards for how things work and 

where things go 
• Keep menu items and buttons in same place…

• If users have trouble, consider if it’s a design 
problem (things aren’t clear enough or users 
don’t know where to go or what to do next…)
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32 User interface and TESTING!

• Keep technical terms to a minimum (unless 
they’re necessary for technical or 
educational reasons, in which case provide 
an explanation/common term)

• Always provide legends – and make them 
easy to understand and use

• TEST, TEST, TEST throughout the 
development process. You’ll be amazed at 
what you find! 
It’s MUCH easier to catch and fix things at the 
beginning than later on!!!!!!!!!!!!!
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Pedagogical Knowledge: 
What are the 
important concepts to learn?

Data Knowledge:
What data is available? Pedagogical Knowledge:

What is the best way 
to help students learn 
from this data?

Tool Knowledge:
What are the 
appropriate tools for 
the data?

Tool Knowledge:
What are the appropriate 
tools for students?

Data Knowledge:
What does this 
data represent

Technical Expertise: 
How can I get the data into the 
right format for the tools I need? Evaluation Expertise:

How can I tell if it was 
worth the work?

Technical Expertise:
How can I modify the 
tools to support students?


