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Abstract

Visage is a prototypeuser interface environment for
exploring and analyzing information. Itrepresents an
approach tocoordinating multiple visualizationsanalysis
and presentatiotools in data-intensivedomains. Visage is
based on arinformation-centricapproach touser interface
designwhich strives to eliminate impediments dect
user access tinformation objectsacrossapplications and

for focusing attention on subsets while viewing the rest as
context. Its strengths include techniques for rapimigating

and viewing the relations among newlata attributes.
Another evolving analysipackage iSIVEE [2], which
provides the ability to rapidly create multiple dynamic query
sliders to filterdata. A third example ithe SAGE system
[12], whose centraleature is rapidiesign of visualizations
that integrate multiple attributes.

Takentogether, these systems illustratduadamental

visualizations. Visage consists of a set of data manipulationuser interface designquestion: how can we use the

operations, anintelligent systemfor generating awide
variety of data visualizations (SAGEpnd abriefing tool
that supports the conversion of visual displagedduring
exploration intointeractive presentatioslides. Thispaper
presentsthe user interface componentsand styles of
interaction central to Visage's information-centric
approach.

Keywords: Visualization, exploratorydata analysis,
graphics, userinterface environment, human-computer
interaction

1. Introduction

There has been areat deal of researchiecently on
techniques for supporting the exploratiamd manipulation
of information. Thisresearchhas producednew ways to
visualize information, nevtechniques forinteracting with

visualizations to manipulate information, and new tools for

supporting thecreation of visualizations. Much ofthis
work has beemuite general in producingisualization
techniques applicable taliverse data(e.g. quantitative,
symbolic/relational, geographic, temporald interaction
techniqueghat can be combinednd applied across many

different styles of visualization (e.g. 1,4,6,7,8,9,10,11,12).

complementary features oflifferent visualization and
analysis tools in aoordinatedway. Even forjust these
three systems, howcan we creat@ew attributes in one,
filter the same data with another, and visualize the resulting
subsets with ahird? Moregenerally, what useinterface
approach would enable people g¢asily moveand combine
interesting subsets of informatioacross theisolating
boundaries imposed by different applications?

Of course, thecoordination problem isot unique to
these tools. Most people who work widrge amounts of
information also use custom applications. For example, in
domains like transportation scheduliagdtracking (which
we have been using as a test case), analysts use one system
to generateand display airplane schedules, another for
tracking the location otargo intransit, and athird for
managingwarehouseinventory and requisition handling.
The interfaces tothese applicationseach have useful
visualizations but no mechanism &xplore relationships
among the different data they portray. For examiblere is
no way to explore the relations among the locatwhere
suppliesare stored, the people wharder them, and when
they are scheduled to be shipped by air.

These problemsuggest theneedfor a userinterface
environment for people who work in information-intensive

This work has begun tproduceseveral general purpose domains - an electronic workspace fpaople whoexplore

analysis tools, each with its own strengths. The Thables

and analyze largamounts ofdatadaily. Such awvorkspace

[11], for example, is a dynamic spreadsheet environment formust provide several key capabilities.

exploring large, multidimensional data sets witkhniques



First, it requiresuserinterface techniguethat enable
information to beselected andcombinedfrom multiple
application interfaces, visualizations, and analysis tools.

Second, it must enable rapid generation of
visualizations to integrate information from thedieerse
sources. The value of integrative visualizationsliwious.
However, becaus¢he combinations of information that
people will create are often unpredictable, inet possible
for software developers to create evemjsualization in
advance. Therefore, an effective workspacest provide

tools by which users can create new visualizations as needed

without great effort or skill.

Third, consistent useinterface techniquesre needed
with which people can filter, control level of detail,
navigate, and createnew information wherever it is
displayed.

Fourth, aneffectiveenvironment should make gasy
for people to shareand communicate their results in
collaborative settings, where they must iterate between
analysis and presentation activities frequently.

In order to addrestheseneeds, weare developing an
approach within a software environmesatiled Visage. Our
goal is to incorporate basic information exploration
components within anew userinterface paradigmThis
paper describes several key elements of Visage.

1. A consistent information-centric user
interface paradigm. As the name implies, thigaradigm
strives to provide users with greater directcontact with
objects thatrepresentinformation theyneed toview and
manipulate to performtheir work. In this paradigm,
information is represented afirst-class objects that can
reside and be manipulated in visualizations, applicatssn
interfaces, on desktops, in briefing materials,anywhere
else people elect to place it. It is ultimateiyncernedvith
usability (i.e. it isuser-centered in that it seeks teeduce
the complexityandrestrictionscreatedwhen people cannot
accessinformation directly and instead must face the
mechanics of runningnd coordinating applications and
working with file system metaphors.

2. Dynamic visualization generation. In order
to provide integrative views of information, we are

incorporating work on SAGE, a knowledge-based automatic

graphic designtool [12]. This approach providesapid
generation of visualizations customized to usieng\ediate
data exploration tasks.

3. Interactive information

These include tools for:

manipulation.

«finding and interactively partitioning, filtering, and
selectively combining subsets of data on which to focus,

econtrolling the level ofdetail with which this
information is viewed using drill-down and roll-up
techniquesdrill-down commonlyrefersto the process of
segmenting or breakinglown aggregateddata along
differentdimensions tacreate a largenumber of smaller
aggregatesyoll-up commonly refers to the process of
merging detailed datisto aggregateshat summarizeheir
attributes), and

eassembling, laying outand interactively presenting
information to others.

2. An Example

In order to convey Visage’s basic styles of interaction, it
is useful toconsider a detaileéxample. The example is
based orone of the applications of thigpproachthat we
arepursuing to facilitate next generatitwgistics tracking
and planning systems. These government systems are being
developed toaccessand analyze information about the
location, quantities, status, transportation, distribution,
consumption and other properties of equipment and supplies
and the people who need them worldwide.

Figures 1 and 2 contain an outliner style of table that is
one of many displays we created in the Visage environment.
It is one way to provide a hierarchical perspective on tabular
data and isuseful forthis examplebecause itillustrates
drill-down androll-up capabilities in a familiar way. The
same techniquesare applicable to otherapproaches to
displaying hierarchical data (e.g. [8, 9]).

T
Outliner
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ARMY 20156.3 FA ﬂ
22MD.M 3165.86 | DIV
53MD.M 2681.8 DIV
SUPPLY REQT # 18681 |TA
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Figure 1: Drilling down organizationally

Starting from any point in awbject-orienteddatabase
for a logistics exercise, usersre offered amenu of
alternative dimensions along which they may drill down. In
Figure 1, a user haalready drilled dowrfrom an object
representing the ArmyCorp to its fivesubordinateunits
and has selecteahe division(53rd Division) to drill down



further organizationally. This occurs by selecting the In this case, a bar chashows the weight of supplies
subordinateunit relation from the pop-up menu that is that these units require as bars in Figure 3 (someliaaly
dynamically attached tothe 53rd. The result is themore selected for subsequetpying anddragging to anap and
detailedorganizationabreakdown(the highlighted text) in  appeardarker inFigure 3andred inthe color plate).Each
Figure 2 (also see blue highlighted text in color plate) . display shows some attributes by default or usarsselect
other attributes from a menattached tothe chart. The
This drill-down process couldlso occur acrosslifferent menu of attributes isconstructed dynamicallfrom the
relations or links from any of these objects. For example, it objects thatare droppednto thedisplay (i.e. the attributes
is possible todrill-down from an object representing an of Army units in the example). Visualizing unit supply
Army unit to the equipment it possesse®.g. trucks, weights in a bar chart makes it easy to select thesding
generators, stoves). Oweuld then drill-down further from the most supplies - those with the longest barkese are
one type of equipment to the parts sarpplies itrequires painted by the user and appear dark gray in Figure 3.
(e.g. from trucks to truck part@nd then drill-down from
one supply-type to all the warehouses that have it in stock. It's now possible tocheckthe locations of justhese
This is aprocess ofurning a network or web oflatabase  units on a mapperhaps to determinthe locationswhere
objects into aconvenient hierarchicalbreakdown for supply warehouses should be establishddnits are
analysis purposes. transferred to a mapping application with a simideag and

drop operation suggested hiie translucent bars in Figure
On the rightside ofthe outliner in Figure 1, users can 3,

select any attribute of the objects in thierarchythat they
want to havalisplayed like the weight of supplies anit
requires, its echelon, the number of people inuhig, etc.
These attributesan be taken directlfrom the database or
dynamicallycreated as derivedttributes using a scripting
language. In either case, as thierarchy isexpanded, the
values for these attributese addedwith it. The dynamic
dril-down and expression of attribute values is a
fundamental operation in Visagbat can occur inevery
display. In the example, a user hdslled-down just
organizationally to a group of Army units of interest.

Ul ety A

An important operation in our implementation of the
information-centric interface approachttse ability todrag ] ] ] ]
objects representing information among visualizations and Figure 3: Dragging units with the largest
applicationinterfacesthroughout the Visage environment. duantities (dark bars) from a chart to a map.

For example, irorder to display graphically some of the . .
attributes of the subordinate units of the 53rd Division, one 1€ map application is product calledMATT which
simply drags a copy of the unit names from the outliner to Was developed independently of Visage by Bolt, Beranek and

an empty bar chart display in Figure 2 (thevedunits are Newmanand coordinatedising its program interfaceThis

indicated by the translucent text). is an example of one of the primary goals of this work, to
explore how to cement togetheseparately developed
= TOeE ipph NeganEmis analysis tools into what theser will experience as an
“:':,, — _J'[-". integratedwork environment. Bydefault, a map display
T Bai A | saua i shows the longitudand latitude attributes of objects and
= T (Y g uses military symbolsssociateavith unique identifiers of
——— T units and other objects.
diiida Wl | EE arw
E1oa]e] W (AT Dok T
— L ;::j o | Il The map displa}can be used tt_further foc_:usqttention,
oL L -m; s for example, by painting yellow (light gray in Figure 4) the
. el [ ; subset of units that occur close together inddater of the
oo TE N[ map (perhaps to identify a regiovhere largequantities of
ey R supplies will be needed). Notice that painting [4,6,8,10] an
Locore v e object in one display causes it to be similartyored in all
& a3 other displays. Together, thiaree displays inFigure 4

show who theselectedunits are, how many suppliethey
Figure 2: Dragging objects across displays need,andwherethey are located. Inthe color plate, the



blue, red,andyellow units areall subordinates ofthe 53rd
Division. The red and yellow one®edthe most supplies.

Yellow ones are Northern units of special interest to a user.

Finally, this small subset of unitan be rolled-ui.e.
aggregated) into a single object and named by a us#isin
case, “North High Supply Units." Hppears inthe bottom
of the outliner,andits attributesare the appropriatetotals
for the units it aggregates. The new aggregate caredted
as a single object for newdrill-down operations. For
example, it is possible to drill-down along a new dimension
to the supply types needed by the aggregated units.
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Figure 4: Dragging copies of objects back to
the outliner and composing them into new
data aggregates

Notice that thisapproach enablessers to compose a
complexquerythrough a series ofirill-down, drag, paint
and roll-up operations. The laatigregate represerfisnits
of the 53rd Division thatneedthe ‘most’ suppliesand are

located in asmall region to the north”. Nabstractquery
needed to be constructed.
In summary, this example illustrates themost

importantaspect of Visage’s information-centrapproach:
operations are directly applied to graphical objects
representing informatioandnot through themechanics of
running applications. For examplear chartand mapping
programsare invoked by moving graphical objects to
displaysratherthan by running programand performing
export/import procedures (the typical data sharing
mechanismaised in spreadsheetand other tools).Also,
painting operationare applied directly toobjects that are
coordinated inmultiple displays via a commouanderlying
databaseSimilarly, drill-down and roll-up operations are
performed directly in any display because cfharedobject
representation. Later, wwill describehow thesedisplay
themselvescan be similarly copied and draggedinto
presentation slides for briefings.

Finally, what is notillustrated here is the role of
dynamic graphic design for creatingcomposite
visualizations dynamicallyhat integratemultiple types of
information. The outlinermand bar chart displays irthis
example were created using a scripting language whilth
be described in detail later.

3. Background: Towards an Information
Centric User Interface Architecture

The VISAGE user interface paradigmtakes an
aggressively information-centric approach to the
presentation of information to the user. The information-
centric approach may be thought of as the next logical step
along the path fromapplication-centric architectures to the
moderndocument-centricapproach. The distinctions among
the three approachekinges ondifferences inthe "basic
currency" through which the users interact with the system.

In application-centric architectures, the bagicrency is
the file. The file system is completegxposed tahe user
and a somewhatetailed understanding d@f workings is a
prerequisite to the productive use of the systévtareover,
although files in the file systenare the basic unit of
information, the files themselveme oflittle use to the
user. Toaccesghe information in their files, usemust
rely on "applications" to fetchnddisplay the information
from the files on their behalf. In thiggard,applications
are like remote manipulator arms ticlear power plants--
users are not allowed to "touch" thdata, except indirectly
via various special-purpose tools. Each applicationitteas
own user interface which defines what kinds of fileople
can manipulate and what they can do with them.

With the introduction of graphical user interfaces and the
desktop metaphorfiles became concreteisual objects,
directly manipulable by the user, storable on dlesktop or
in folders, and--to a limited extent--arrangeable by users and
software in semantically meaningful ways. But duntents
of those files were still out of direct reach of the user.

The advent of document-centric interface paradigms has
introducedmany positivechangesinto this story. Inthis
world, the basic currency is no longer the file bather the
documentan entity with some potential meaning in the
user's world-outside-the-computer. The role of the
application is subordinated (and perhaps ultimately
eliminated) in favor ofcomponentarchitectures whose
interactions with the userare focused on direct
manipulations of documents. Documents may be kept on
the desktop in addition to files and maydieectly activated
and manipulated viadrag-and-dropoperations. Documents
may serve as containers faother documents, enabling
natural modes ofgrouping and attaching information
together in meaningfulinits. Someextremely document-



centric interfacege.g. Workscape[3], Web Forager|[5])

permit the spatialarrangement of largenumbers of
documents, enablingeffective visualizations of the
relationships among them. The application dyhamic
guery techniques in a document-centric world enablasal

search paradigms. In document-centric interfagssrs can
almost literally "get their hands on" their documents.

The information-centricapproach in Visagesimply
represents a naturabntinuation of these trend/isage
abandonsthe primacy of thedocument wrapper as the
central focus of user interaction in favor of tieta element
as the basicurrency ofthe interface. Rathethan limiting
the user to filesand documents as targets direct
manipulation, Visage permits direct drag-and-drop
manipulation of data anylevel of granularity. Anumeric
entry in a table,selectedbars from a bar charand a
complex presentation graphare all first-class candidates
for usermanipulations,andall follow the same "physics"
of the interface. The objecriented nature ofhis approach
is clearly is not unique to Visage and indeed mtteduced
and explored in Smalltalend other systems (e.g. 10). Our
work addressed the user interfassuesraised inusing this
approach throughout an information visualization and
exploration environment.

4. Visage Environment Main Components

The Visageinterfaceenvironment strives to minimize
the number ofundamentallydifferent kinds of objects that

for the user to select some bars from the disyidther
removing them or--as in theaseshown--duplicating them)
and dragthem to some other display. This ability to
directly drag small units ofdata forms the basis of the
information-centric approach to interface desiggscribed
above.

Hints of this approachmay befound in a fewexisting
interfaces. For example, recent versions of Microgddtd
support the ability talragselectedext from oneplace in
the document to another--thus bypassing the dftitinized
invisible clipboard as a mechanism fmoving data around
within an application (however text cannot diraggedonto
the desktop orinto other applications). The Macintosh
systemprovides transparemirag-and-dropwhich Netscape
uses to enable images to be dragged from web page displays
onto a desktop (though theyeimmediatelyhiddenwithin
files). Likewise, several visualization tools support
representinglataobjects graphicallyand provide filtering,
painting of linked displays, and related operations
[4,6,8,10]. In Visage, these capabilitiage promoted from
special-purpose features twapabilities thatcan beused
everywhere inthe environment. It becomes part of the
"basic physics" of thenterface, empoweringhe user to
directly perform unigue actions that might otherwisguire
knowledge of numerous specialized interface "features."

Frames the second basic object type,serve as
pasteboards foelements. Strictly speakindgrames are
themselves elements, buatre sufficiently distinct in the

must be understood by the user. As a first approximation,user's model of the interface as to warrant separate

Visage may be thought of as having only two bagiect
types:elementsandframes.

The term elements (more properly called "Visual
Elements")refers toany atomically-manipulablgraphical
object in a Visage display. Examples of elememésbars
in a bar chart, the text label of an axis, a point iscatter
chart, or a numeric value in gpreadsheet-likeell. Each
visual elementcorresponds to aobject in anunderlying
databaseNote that this relationship is one-to-mareach
element isassociatedvith exactly onedatabasebject, but
the same object may lvepresented bynultiple elements.
Some elementare atomic, but othersrecompound,i.e.,
made up of multiple elemenbound togethemto a single
entity. An example of the lattemight be acluster
composed of a dot representing a city on a map, ddbgt
naming it, and a gauge telling its population.

In a literal sense, all Visage displayse made up
exclusively of collections of elemengsranged tdorm the
display. For example, thbar chart inFigure 3 is not a
discrete"picture”, butrather an arrangement of elements
which can be broken apart byhe userand separately
manipulated. As the illustration shows, this makesagy

treatment. Like windows in traditional GUI desigfrsmes
provide a grouping function for related elements as well as a
frame of referencefor their arrangement. Unlikevindows,
however, framesrelightweight objects, easilgreated and
destroyed, frequentlymanipulated by the usemand are
themselves subject to the entirepertoire of direct-
manipulation actions available for otheelements
(duplication, drag & drop, dynamic scaling, etc).

Another major function oframes is to serve amnchor
points for scripts. The Visage usetinterface is highly
scripted. Beyondhe processing of basic user evestgh
as mouse-draggingnd clicking, much of the high-level
behavior of the system isontrolled by user-accessible
script rather than hard-coded methods. Although scripts may
be attached to any element, most of the scripts of a typical
interface are associatagith frames. In theillustrated
examples, it is the script of th®ar Chart" frame that
causesdata dropped orthat frame to be displayed as
horizontal bars of certailengthsandlocations. Similarly,
scripts of the map frame cause the same data displayed
in iconic formarranged byatitude andlongitude. Inthis
way, scripted framesmay be composed toform highly



customized applications environmentstailored to a
particular user's needs.

The scripting environmenprovides another essential
feature in support of the Visage'sdata exploration
operations. Although theunderlying database being
exploredmay have many datavaluesdirectly given, many
other such values typicallpeed to be derived in a very

situation-specific manner. For example, in a transportation

schedulingapplication, thedatabasenay contain attributes
of a commodity such as gross weigimd packageweight.
The user, however, magquire adisplay of netshipping
weight, which is notdirectly given. Visage allows the
definition of scripts that compute the&terived attributes.”
Once definedthese scripts make available to the udata
indistinguishable from thatlirectly given in adatabase.

Indeed,the total supply weight attribute in Figure 1 is a

detailed script that reduces much database access and
calculation to a single attribute. It &tached to a Visage
data object representing thelass, military unit,and is
invoked when an instance tfis classreceives a message
to return the value ofhis attribute. The scriptraverses
relations between aunit, its subordinates, thesupply
guantities they possesmsd accessesttributes of supply
classes to retrievetheir individual weights to be
accumulated.

Finally, scripting is the basifor delivering tothe user
the drill-down androll-up datanavigationfeaturesdescribed

People mayadd sliders to frames to select subset of
objects and then drag the subset to other frames to focus on
different attributes. DQsliders are visual elements with
scriptedbehavior. Dropping one on a visualization in a
frame causes it tgollect all the attributes oflata objects
currently displayed inthe frame. Users may then select an
attribute from these for performing filtering operations.

Frames and their contents may be freely scaled, either by
direct manipulation or by script. A giveframe may be
shrunk to thumbnail size for temporary storage, or expanded
to full-screen during a presentation. This capabiitables
the efficient andflexible usage of the availablscreenreal
estate. Scale control is also a usdéalture inthe creation
of briefing slides.

5. Incorporating Briefing Tools

We areexploring the use of the basic Visagmls to
provide a simple briefing or "slide show" applicatishich
is completelyintegratedwith the rest of the environment.
As analyses are performed, text and graphics caatered
and saved in special frames called 'slides." A slicéniply
a framewith special scriptdesigned tomake it easy to
"paste up" other frames and elements for visual
presentations. A usaimply "drags anddrops" the desired
frames onto a slide frame, where they are scaled
appropriately. Text annotatiocan beadded tothe slide
using Visage text elements. Slidergated inthis way can

above. For instance, our logistics application supports abe accumulated in a "slide sorter" frame, which $ecial

"regrouping" operation which, in a single stelgcomposes
a suppliedunit into a long list of itsrequiredinventory
items and then regroups them by theupply points that

scripts making it easy to sequence a presentation by simple
drag operations (similar to popular commercial presentation
packages, like PowerPoint). In the color plate, an outliner,

providesthose items. Such operations form the basis for map, and chart have been dropped in a slide, whichdwers

very powerful incremental data navigation and
summarization which wouldequire complex queries in
conventional database systems. TheVisage scripting
language issimilar to HyperTalk and contains language
features tuned tdatanavigationandaggregation functions
(e.g. for stepping across links among objects, iteratirey
object sets and accumulating sums of valuegquaintitative
attributes).

Collections ofspecialized frameare typically gathered
together to form a coherent, highly-tailoregvork
environment. Such environments may dggmented by
scripted behaviorshat add useful globalfeatures to the
environment at large. An example this is thefact that

augmentedvith text and droppednto the slide sorter(the

latter illustrated in Figure 5).

= ies| [Rlibtre

Slkde Scater

Figure 5: Slide sorter frame

The slider sorter has controls for initiating the sequential
display ofeachslide at full-screersize. Thus, theoriefing
function has been seamlesatyegratedwith those ofdata
exploration and analysis. Note that elements on the slide do

the painting of elements in our logistics environment is ot |ose their separate identity--theyare still fully-

globally coordinated acrossl frames ofthe interface,thus
greatly enhancing the userability to identify related
information across displays. Similarly, dynamic quergls
[1] are included inthe environment, permitting the

interactive control of the visual attributes of the elements of

the displayaccording to parametrigspects of thelatabase.

functional interface objects thatcan be dragged among
displays,usedfor painting, dynamic query, drill-down and
roll-up operations right in the briefing.

The ability to perform theseinformation analysis
operations during a presentation raisesne interesting



opportunitiesand challengeskFirst, it providesthe ability

kinds of information-centricddata manipulation approaches

to answer questions by modifying the graphic. By copying that are describedhere, especially thebility to: transfer

slides in the briefing, it is possible to bogheserve the
original presentation as well &eep arecord of changes
created inresponse to questions. Another challemgech

we havenot addressed isthe dynamic modification of
briefing slides to reflect changes in the underlyilagabase.
This problem hasbeen addressedpartially by current
approaches t@pplicationembedding andinking. We are
currently implementing constraint mechanisnvghereby
changes can either Ipeopagated or blockeflom affecting

briefing slides.

6. SAGE Automatic Graphics Generation

The impetus for the Visage projegtiginatedwith a
project on arelatedsystemcalled SAGE [12], whose goal
was to provide ways to generate data visualizations
automatically. SAGE is a&nowledge-basedoresentation
system thatdesigns displays of combinations diverse
information (e.g. quantitative, relational,

temporal,

objects across displaysturn displays into briefing
materials,coordinatepainting with applicationinterfaces,
and provide drill-down and roll-up operations forevery
object.

In order to achieve this, we separated SAGE's
knowledge-baseddesign engine fromthe process of
rendering its graphics. Thus SAGE hadecome a
“visualization design server”, which provides specifications
of its designs to be rendered in Visage. The Visagderer
interprets SAGE designsendersthem in Visageframes,
and populates them with visual elements whagsearance
is specified bythe SAGE designOnce rendered inthis
fashion, visualizationsare subject to all the Visage
operations.

Integrating the two systems combines the strengths of
Visage's information-centric manipulation operatiomih
SAGE's graphicsepertoire. We havalso successfully

hierarchical, categorical, geographic). We have explored theadded scripts to SAGE visualizations to perform special data

use of SAGE to automatically assume tharden of
visualizing information for other applicationand for
computer-supported graphic design. In the latter aasas
interactively specify some or all of thgraphical choices
that SAGE mustconsider in generatingisplays ofdata.
They do this bycreating rough sketches ttfie graphics
they want using araw-like interface (calleageBrush) or
by using a portfolianterface to browsgreviously created
graphics to findsome relevant to currentneeds (called
SageBook).

SAGE's inputs include sets of datagharacterization of
the properties of thelata andthe tasks that thgraphics
should be designed to support, and an optional séesin
specifications, expressing a usepteferencedor how the
dataset should be visualized. SAGHSsItput consists of
one or morecoordinatedsets of 2D informatiorgraphics
that use a variety ofechniques to integratmultiple data
attributes within a single display. SAGHntegrates
multiple attributes by representing them as different
properties of the same set gifaphical objectge.g. color-
codedbars), by assembling graphical objegito clusters
that function as units texpressdata(e.g. gaugesndtext
within nodes of networksgnd byaligning multiple charts
and tables with respect to a common axis.

The SAGE work hasbeen successful forcreating
hundreds of integrative graphics. Our previousvork
developed an architecture within which basic data
manipulation operationcan be applied tocoordinated
combinations of SAGE graphics (e.painting, dynamic
gueries,and aggregation). However, to be useful diata-
intensive environments, it wasecessary to develop the

manipulation operationsnd user interface functions for
applications. Thisappears to be aromising combination
of visualization creation technologyand user interface
development tools.

A parallel research and development effort@ntinuing
to incorporate new design knowledge for creating 3D,
animationand other visualizationtechniques inSAGE -
especially for largelatasets. As thesareadded toSAGE,
we will explore theimplications of applying current
operations within the Visage environment to these new
techniques.
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