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ABSTRACT

In this paper we present a new set of interadiebniques _ ) )

for 2D and 3D visualizations. This set ofechniques is are dwarfed by the tall cylinder towarttee right. With
called SDM (Selective Dynamic ManipulationSelective, SDM we attempt to provide users witchniqueshat
indicating our goal for providing a higlegree ofuser temporarily change the scale of a subset of objects,
control in selecting an object set, in selectingractive while keeping them in context with the environment.
techniquesandthe properties thegffect, and inthe degree Figure 2 shows the sanuataset as Figure Iexcept

to which a user actioaffectsthe visualization.Dynamic, that the green objects have theirheights scaled
indicating that the interactions aficcur in real-time and differently from the rest of the environment. The
that interactive animation isused to provide better difference inheight scales is shown by the ratwes
contextual information to users in response to an action or N the left of the visualization. Note that some of the
operation. Manipulation, indicating the types of bars that appeared to have the same height in Figure 1
interactions we providewhere userscan directly move actually have relatively largaeight differences when
objectsandtransform theirappearance tperform different put on another scale.

tasks.  While many otherapproachesonly provide
interactive techniques in isolation, SDM supports a suite of
techniques which users can combine to solwede variety

of problems.

KEYWORDS: Interactive techniques, visualizations, direct
manipulation.

INTRODUCTION

A well-designedvisualizationcan be tremendously helpful

in analyzing data. However, current static visualizations are

limited in several important ways:

1. Usersarenot able to focus odifferent object sets in
detail while still keeping them in context with the Figure 1: Data visualization of a relief effort data set. Green
environment. This is especially importantlarge data bars are the currently selected objects.
sets that have too much information to digplayed in
detail at once.

2. Whenthe informationspace is dense, thevéll be a
lot of clutter and object occlusion. Occlusion is a
serious problembecause data-pointnay be fully
occluded andhus appearinvisible to the user. Ithis
way, occlusion may distort a user's perception of the
data-space. Imddition, clutter makes it difficult to
perceive patterns in subsets of objects.

3. A dataset may contain elements thatve vastly
differentvalues. Thus, some objects may dwearfed
when shown in the scale used for the erdaaset. In
Figure 1, many of the objects (e.g., thosegmaen)
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Figure 2: Visualization showing the same data set as Figure
1, except the heights of the green bars are scaled
differently from the rest of the environment.



4. Many visualizations only allow users to view the material available at supplgentersandneeded byshelters.
underlying data. Ndools are provided tcclassify sets See [14] for color versions of figures.
of objects and save those classifications as new
information is discovered. For example, after a user hasNext, we outline the basic structuaadapproach of SDM
identified severalproblematic/importantdata points, and discuss howSDM can be used taaddressthe five
the user might want to satkem as a sednd change  limitations mentioned previously.
their color so that they are differentiated from tiker
objects. SDM COMPONENTS

5. It is difficult to compare quantitiesepresented by  The structure of our SDM systemdsscribed based on the
graphical objects whiclare not spatially contiguous. three primary components of interactive techniquesthod
For example, in Figure 3 it idifficult to compare  of selection, interactive operationgnd the feedback
which of theselectedshelters(indicated bythe green mechanismsand constraintsplaced onthe behavior and
bars) has the most supplies (indicated by their heights)appearance of objects.

because they are not at the same distance from the user.
1) Object-centered Selection

In object-centered selection the focus or selected sehde
up of objects. Selection of these objectsdane through
their visualized representations or through data constraints.

Selection in SDMcan be accomplished bglicking on
objectsand/orusing sliders to placedata constraints. The
slider interface iNSDM allows users to combineata
constraints both conjunctivand disjunctively. In the
future, we plan tageneralizethe selection facility so that
there can be multiple linked displays. Selecting objects in a
displaywill causeobjects thathavethe sameunderlying
data, in the other displays, to be selected as well.

After object sets are created, they maynamed and saved.
Users may save as maegts as theyesire.Sets that are
Figure 3: Selected objects that are at different distances created will appear in a scrollatieenu. Selecting a set in
from the user the menucauses it to be displayedll the slider panels
that form the set will also be shown. In this way users may
In this paper we present a paradigBelective Dynamic  switch between multipleself-definedsets easily. Note also
Manipulation (SDM), which deals with all of the that the object setseednot bemade up ofhomogeneous
difficulties mentioned above. While some of tindividual types (e.g., a set may contain suppénters, shelters and
techniques that we discuss have been tried before htey routes).
only been tried inisolation. Instead ofisolated solutions,
our approach is tprovide asuite of interactivéechniques ~ 2) Dynamic and Flexible Operations
that can be flexiblycombined tosolve awide spectrum of ~ Users may directly manipulate object setparameters
problems. We believe that the unifyifigmework behind ~ through object handles. Direananipulation refers to
the techniques will make the systeasy to learnand the ~ operating directly orobjectsinstead ofthrough menus or
flexibility in using the methodswill stimulate users to  dialogues. The Document Lens [1&jd Magic Lens[18]

come up with multiple novel ways to solve tasks. areexamples ofdirect manipulationtechniquesthat allow
users to control their views of objects by operating on a

Our approach is differenfrom many otherinteractive lens. In contrast to manipulating an external object (such as

systems [4,9,15,18pecauseits selection and control 2 lens), SDM allows users to control an object set by

methodsare strongly centered onobjects rather than on directly con'grolllng any element within that set through
spaces. The goal of our approach iptovide a framework ~ handles. Figure 4 shows th8DM handles used to
for solving a basic set of taskand problems that are manipulate objects. Ogr use léndleswas monvated_ by
important when users are analyzing large, diverse data sets.elatedwork on 3D widgets[7,17] and by 2D scaling
handles in draw programs.
EXAMPLE DATA DOMAIN
The data domain for our examples is from supply Attaching a handle to an object in a selectedardpulling
distribution network for a relief effort in a large-scatesis. or pushing its partzausessome or all objects in the
In Figure 1, supplycentersare represented bgylinders,  Selected set to change. The handles (Figure 4) designed
main routes between them by dark lines on the floor plane,to look similar for different object types so that usezed
andshelterswheresuppliesare needed byrectangular bars.  not rememberthe functions of many visuallydistinct

The heights otylindersandbars indicatehe quantities of ~ handles. When handlese pulled or pushed, the objects
contract, expand or move continuously. Using animation in



this way helps users perceive the changes that have occurre@ontext persistence
or are occurring to an object set more easily.

Figure 4: SDM handles

SDM operators can bappliedflexibly. SDM allows users

to control objectparameterssingly or alternatively to
control multiple parametersimultaneously. The latter can
be achieved by linking the object controls or by linking the
parametershrough formulas. This is in contrast toore
constrainedinteractionsoffered by fisheye lenses [4] or
stretching [15], which allow only dixed technique for
distortion.

Through handles, users may select which olpacameters

to change. For example, in Figure 4 pg} controls the
radius of the cylindrical object, part (b) controls the height
of the object, and part (c) controls the width of the bar. The
arrow handles ortop of eachobject in Figure 4enable
users to shift the objectanywhere inthe 3D space.
Parameters camlso becombined sothat they can be
manipulated through one handle.

3) Object Constraints and Feedback Techniques

SDM is an attempt at introducing a new physics of objects
that supports great malleability and flexible controlthis

new physics, an object may pass through other objects in
the scene or havéts position orappearance altered. For
example, objects may kaevated(Figure 9) ortranslated

on the floor plane (Figure 7). Objects may dswe their
widths (Figures6,11, and 12) or heights (Figure 2)
changed.

We believe that flexibility is key to thesuccess of
interactive techniques, but may lead users to lose context o
the environment as well as misinterpret tega. Thus we
have developed asmall set of constraintand asuite of
feedback techniquesthat we believewill help reduce
confusion while still maintaining a highdegree of
flexibility.

is one of thenost important
constraints in SDM. This ibecausemany data analysis
tasks require users to focus on or manipulate a select set of
objects in the visualization, while still maintainirsgpme
relationshipbetweenthe focus objectand the rest of the
environment. For thigeason we have constrained SDM
operations to always maintain variodegrees ofcontext
between the focus sandits environment. To thignd we
havealsointroduced feedbacknechanisms that helpsers
relate the focus set to other objects in the visualization
without any confusion.

Another constraint in SDM isset-wide operations. All
objects in theselectedset are subject to the samtorces
applied toany object in the set. This is usettcause it
helps base SDM techniques on several real-world analogies.
SDM move-shift operationare analogous to putting all
objects in theselectedset on a platfornrandthen moving

the platform. SDM width and height scaling operations are
analogous to stretching a set of malleable objects from the
top or side with the sameforce. All these operations
maintain the relativeposition, width, and height of all
objects in the selected set.

A defining feature of SDM is thathangesare made to the
objects and not to the view on the objects, asldgse

in [18]. Because ofhis, it is important toclearly indicate
which objects have been altered, how they have bened
andhow theycan be returned ttheir home positions. To
serve these purposes, SDM has a set fekdback
mechanisms taeduceuser confusiorand increasesystem
usability. These feedback mechanisms fulfill the following
functions:

Clearly Identifies the Selected Set, and thus the Objects

that will Change in Response to a User Action. This is done

by painting the selectedset differently from all other
objects in the scene. In addition, a white grid maydiagn
beneath all selected objects (as is shown in Figures 7 and 9)
so that the approximate positions and spread of its elements
can be easily identified.

Maintains Scene Context. When objects are displaced, users
need toget feedback onthe original object positions in
order to maintain context with the rest of the environment.
One way thatSDM achievesthis is by having multiple
representations of an object. Eatdtaobject isrepresented
by two graphical representations: the 'bodgtthe 'shell’
graphical objects. Object shells are leéhind inthe home
position when the objectbodies are drawn out and
displaced. Object shells always appear in the original object
width and height. Figures 7, 9,and 13 show some
]examples of object sets which have been displacddheir
shells, leftbehind atthe original positions,widths and
heights.

Maintains Temporal Continuity. Interactive animation is
used to provide users with temporal continuity so thay
can perceive, trackndundothe effects of anoperation on



the scene. Animation helps useysrceive changes to the
scene without having to cognitively reassimilate
relationships between the pre-action and post-action
scenes [13].

This shift of cognitive load to the perceptual system allows
the user toconcentratemore on the results of aaction
ratherthan on the process of the action. It afsovides
additional feedback tothe user as to which objectsave
changed andhow they have changedrelative to their
previous statesTechniquessuch as fisheye lenses [4] do
not have object continuity (interactive continuity).
Focusing on one pointauses ssuddenmagnification of
that point and demagnification of other regioBscause of
the abrupt change in the visualization it is easy for users t
lose track of wherethey were beforeandhow they got to
the current statdJsertests in [8]showedthat insufficient
temporal continuitycausedpoor usemerformance insome
tasks.

Figure 5: Painting focus objects

Maintains the Relationships Between the Selected Set and

the Environment. It is important to maintain the
relationshipbetweenthe selectedset and other objects in
the visualization so that elements within thedectedset,
which mayhave been altered, can be corredtiierpreted
with the rest of the environment. An example of such a
feedback technique is the ratio axes technique (left of Figur
1 and 2). The ratio axes display thescale of the
environmentandthe scale ofthe current selectedet. By
comparing the lengths of the axes, usanstell what the
scale difference is between the selected set and its
environment.

Figure 6: Expanding the selected set in place

Allows Objects to be Easily Returned to Their Home
Positions. Home mechanismsare available to return
objects back to theinome positions, as well as tbeir
original width, heightand color. In addition, we have
implemented “object bumpers”. It may be hard to manually
move objects back to their home positions because such a
action requires precismovement. With manual control, it

is easy toaccidentallyovershoot the home point. Fthris
reason, we provide object bumpers, whereititéal object
move indicatesthe direction of freedomandfrom then on
objects can only be moved back adar astheir home
positions.

APPLYING SDM TO VISUALIZATION PROBLEMS
We have discussedfive useful operations in thedata
analysis processthat are lacking in current static
visualizations. Next we outline how SDMchniques can
be used to fulfill those needs.
Focusing on a Select Set of while
Keeping Scene Context .

While navigating through an information space, itoften
necessary fousers to focus on certain partstbét space.
However, duringand after focusing, it is important for
users to be able to telWherethey are in the information
space.

Objects

Figure 7: Pulling focus objects to the front

In SDM, focus can beachievedwith several strategies.
Objects may be painted so that they appear visually distinct
from other elements of the environment. Objes also
be mademore salient by increasing their widths. Figure 5
shows the original visualizatioandthe selectedobject set
(shown in green). Figure 8hows the visualizatiomfter
objects in theselectedset have beenexpanded.Spatial
context is maintained in these cabesausdhe objects are
not movedfrom their original positionsHowever, some
context may be logbecause expandirthe selectedobjects
may cause other objects in the scene to be occluded.



Alternatively, users may shift/move all focus objects to the

front of the scene(shown in Figure 7). Context istill
maintained becausabject shells (shown in whitegre left
behind. In addition, a user can move the focushaek and
forth betweenits home positionand its position at the
front of the scene to achieve better scene context.

Viewing and Analyzing Occluded Obijects.
Occlusion is closelyelated tothe task of focusing while
maintaining context. As was previouslynentioned,

expanding the selected objects may introduce occlusion, bu
this can be prevented bglevating the objectdefore
expanding them.

Figure 8: Initial view of occluded objects

Figure 9: Selected object set is elevated to solve occlusion
problem

Figure 8 shows a dense informatigpacewith the interest
objects (barely visible) shown in green. Many of the
interest objectsare partially if not fully occluded. After
elevating the interest objects wan clearly se¢he pattern
that they form (Figure 9). Another way tdeal with
occlusion is to make all objects, other than the inteyest
invisible. This method, however, sacrifices scene context.

Figure 10: Objects other than the selected set are scaled to
have zero height

Figure 11: Objects other than the selected set are scaled to
be very thin

The occlusion problemsanalso besolved by reducing to
zero, the heights of objects thae not of interest(Figure
10). In this way, the spatial position of the otlujects
with respect to the interest objects is maintaitdalvever,
their height patternsre lost. Alternatively, users may
make all objectsexceptthe interest objectsyery thin
(Figure 11). This allows us to view the interest dearly
as well as use object heights to maintain information about
the amount of supplies a center has or that a shedests.
We are also exploring the use todinsparency taleal with
object occlusion.

Viewing Different Sets of Elements Based on
Different Scales.

It is often the case, especially l@rge information spaces,
that the widthsandheights of objectare quite diverse. In
these instances, the overaitale used may dwarf some
objects, and it would be very difficult to observe width and
height relationships among thoshvarfed objects. This
problem isworsened bythe aggregation operatiomhich

can create aggregate objects that show the total value of all

its membersThese objectsvill havemuch greater values



associatedvith them compared tahe other objects in the
environment.

For thesereasons it is important tprovideways toview
different datesets at varying scales [63DM allows users

to do this. Suppose aser wants tocompare aset of
shelters (shown in Figure 1 in green) with |demand and
see whether the demand distribution of those shedterin
any wayrelated tothe neighboring shelters, routes, and
supply centers. To perform this task, the wusser scale up
the heights of the selected objects, so they caroimpared
more easily (Figure 2). The rataxes on the leftndicate
that the selected objects are now eight titaegerthan the
scale of the environment.
Interactively Augmenting the Visualization with
New Classification Information.

It is often the casethat a lot of new insights and
information is revealed during data analysis. However,
because this new information is not part of timelerlying
data, most visualization systems will not bable to
visualize it until it is fully described inthe databaseThis
means that the newlgiscoverecoropertywill have to be

Figure 12: Visualization augmented to show a new property,
danger areas.

Comparing the Patterns, Widths, and Heights of
Objects.

In the dataanalysis process, usefi®quently compare the
various attributes oflataobjects. In a visualizatiornthese

attribute valuesare represented bgraphical objectsthus
this taskreduces toccomparing thedifferent parameters of
graphicalobjects.However, comparisons of objeatidths

and heights are especially difficult to make in 3D
visualizations. This is because it is difficult tcompare the
widths or heights of objects thare at different distances
from the user (e.g., thgreen bars irFigure 3). Thesame
problems are encountered in 2D visualizations when trying
to compare the lengths of interval bars.

fully characterized and values must be assigned for it to all
elements. This izery cumbersome because itdften the
casethat users onlyhave a partiacharacterization of the
property and may only care about showing it for a subset of
objects in thedataset. It isthereforeuseful to be able to
interactively classify subsets of objects in a visualization as
new information is discovered about them.

Object classification is one of the main tasks data
analysis [16]. To support this task, SDM allows users to
interactively change any property of an object or object set
in the visualization so that theghare some common
properties thatare not present in other objects in the
environment. With this technique users can construct their,
own grouping/classification structure by makidgferent
subsets of objects distinguishable from each athefrom
objects in the environment. Note that the object sets ma
be changed and redefinedaaty time, so userare free to
changethe definitions of the classification structure any
time throughout the data analysis process.

In Figure 12 the user haglentified some important
shelters. The user has chosen to increase the widths of thes
shelters as well as color them yellow, differentiatethem
from the other shelters. The ndeaturesthat have been
added,width and color, only make sense to the user or
group of users thatre familiar with this convention.
Neverthelessthis technique isuseful because it offers a
quick way toaddinformation into the visualizationvery
much like the way we annotate printed text or paper maps.

SDM allows users to easilgerform comparisons among
objects ofdifferent depths bygiving users the ability to
draw aline of reference inthe sceneplane. Usergan then
move any set of objects to tieferencdine. By lining up
objects in this way, their heightan beeasily compared.
Figure 3 shows the initial visualizaticend the selected
objects (ingreen). Figure 13hows the visualizatioafter

Figure 13: Two sets of objects made for height comparisons



the selectedbbjects have been pulled the referenceline.
To maintain the relationshipetweenobjects and their
shells, users may paint the objects which wélise their
shells to also be painted. Users may alite the objects
backandforth betweenthe referenceline and their home
points.

In addition tomaking comparisons within sets, users may

also compare height trends among multiple sets. Figure 1ZE

shows that the user hdmed-up two different sets of
objects. From the two lined up sets itdearthat one set
(in green) has larger height variations than the other.

Another typical comparison operation is fiod patterns
formed by differenbbject setsandthen look forproperty
differences among those patterns. In ladg&spaces, it is
difficult enough to notice patterns amoodjects, much
less comparethem. This problentan be solved in SDM
by separating out the subsets with the shift-moperator.
The spatial shift operation maintainglative positions
among elements within each subset; thus the patteeys

form are preserved. The subsets may be further manipulate-——

in their separate spaces to teaset any important
differences or similarities.

In this section wehavepresentedsometechniqueghat can
be used to aidisers in exploringind analyzing largedata
sets. However, this set oftechniques is by no means
comprehensive. We envision that as udeesn and get
more comfortablewith the system, they will start to
combine the basic operations in new ways to tHigir
preferences in solving the task at hand.

IMPLEMENTATION

The current SDM implementation was developed in GL and
C on a SiliconGraphics Indigoworkstation. Figure 14
shows the general system architecture. The SDM
architecture can be divided into three main sectionsdéate
modeling section, the physicalization sectiand the
manipulation section. We discusach ofthese sections in
greater detail below.

Data Modeling

The main component in th#atamodeling process is the
data setbuilder. The dataset builder takesdata objectsand
groups them intodata sets, based onthe task being
performed. Adatasetdenotes agroup of objects thatvill
be visualized in ainiform mannerand assuch can only
contain homogeneouwtataobject types (e.g., dataset of
supply centers cannotalso contain supply routes).
However, asingle dataobject can occur inmultiple data
sets. This allowsfor example, a supplyenter to be
groupedinto both the "Critically Importanttataset and
the "Low on Supplies" data set.
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Figu-rE 14: SDM system architecture and information flows

Physicalization

The physicalization process kmsed onthe metaphor of
creating "physical” objects in order to represent abstract data
objects. The main component that perfottinis process is

the instantiator, which has the responsibility of taking a
selected dataetandvisualizing it as one or morgraphic
sets.Every object in a graphic sebrresponds to a unique
object in the data set that it represents.

Each object in a graphic set utilizes the same visual
specifications. The specificatiordefine the class of
graphic object (e.g., cylinder, bar, sphere, etc.) that the
graphic sewill contain, along with the mappinigetween
select attributes of the data objects and the various physical
properties of the graphical objects. For exampldata set

of supply centers might basualized as &et ofcylinders;
where the "materials-weight" attribute isnapped to the
height of the cylinder, and the "longitude"and "latitude"
attributes are mapped tahe x and y location of the
cylinder.

Encodergerform the actual conversion of data-val(eg.,
pounds of food) into graphical-values(e.g., height in
inches). Some examples of encoders are x-axis encoders, y-
axis encoders,and color-key encoders. Physical object
properties that do naincode a datattributeare assigned a
default value.



A single data set may be visualized as multiptiependent
graphicsets, in single or multiplelata-graphics. Objects
from the various graphicsets may encode different
attributes of the data set, or magcodeidentical attributes
of the dataset multiple times. Allowing alataset to be
multiply represented isiseful in thecase where a@ingle
graphical set is insufficient to effectively show all
important attributes of thélataset. It is also useful in
those cases where we want to strengthen the effectiatha
attribute by encoding it twice.

Manipulation

Once data objects have beeriphysicalized" as graphic
objects, SDM gives users the ability to moaed stretch

the graphicobjects, analogous to thmanner in which
users might manipulate physical modplaced on aable.

multiple. Single property interactors includ¢hose that
change the height of an objeendthose that move the x-
position of an object. Multipleproperty interactors use
constraints or evaluation functions determine d'derived"
property for an objectbased onseveral ofits basic
properties. An example of a multipfgoperty interactor is

the alignment interactor, which transforms objeositions

in order to scale their perpendicular distance to a line on the
object plane.

Typeindicatesthe nature of the graphical transformation,
and may be scale or shift. Shift interactors add constants to
object properties. Thewre usually applied to graphical
properties that are not relevant to the user's immediate task
in order to make other properties more noticeable. An
exception tothis is position, since shifting objects to the

However, the "physics" provided by SDM is not limited to front can maketheir relative positions moreapparent.
real-world manipulations; users can also elevate, compressScale interactors, on the othdrand, proportionately
and perform other operations upon objects that wouldn't betransform property values so that they maintain their ratios
possible with actual physical models. Thus, SDM exploits relative toeachother. Theyare typically used to enhance
common physical metaphors so that users may quickly getdifferences among the data values that are encoded.

comfortable with the system,and then extends these
metaphors to take fulhdvantage othe capabilities that
real-time computer graphics provide.

PREVIOUS WORK
Previously, wediscussechow SDM deals with the five
limitations of currentstatic visualizations. In thisection

There aretwo main components to the manipulation we discuss how other interactiwystemsdeal with these

process: the selectioomanager and interactors. The

limitations. In doing this we highlight some of themajor

selection manageenables users to group graphical objects differences andhe advantagesnd disadvantages of SDM

into alternative focussets. Users cangroup objects by
selecting them with the mouse or by manipulastiders
and buttons, actions which the selectioanager interprets
to construct a focus setUsers carswitch between focus
sets inorder toquickly locate objectghat are relevant to

compared to other systems.

Focusing on a Select Set of while
Keeping Scene Context.

Focus areas can bemade larger in two ways: object

Objects

the currenttask. Users may also save any focus set that magnification ancgpatial magnification. SDM usesbject

might berelevant to a latetask. This focus set will be
present the next time the system is invoked.

magnification, which only acts on the objeatsd not on
the space between objects.

The other major component of the manipulation is the setMagnification in other interactiveechniqueq3,4,15,18] is

of interactors Each focusset is associatedwith an

spatial because expandittte selectedset causeshe entire

interactor, which is responsible for changing the physical Selected space to expaaddnot just the objects within it.

appearance ofraphical objects irthat set. Interactors are
controllable through thdandlesthat can be attached to
objects in the visualization.

handle causes the interactor to transform the values of seled?e disorienting and jarring.

Thus, the objects move out of their original positions and
farther away from eacbther as their size increases. In [8],

Pushing or pulling on a subjectsfoundthe change in distances betweebjects to

In addition, because the

properties of graphical objects. Thus, encoders generate thBetween-object spaces haegpanded,either someother

original appearance ahe graphicalobjects, based on the
data that they represent, while interactongerform

space has contracted (as in [4] and [15]), or some objects are
now occluded bythe newly expandedregion (as in a

transformations on these properties to manipulate themagnification magic lens [18]). Anothefisadvantage of

objects as serves the user's purpose.

Valuesareonly changedor those objects whiclhave the
properties thatre being controlled BecauseSDM allows

for heterogeneous focieets, it is possible that a set may

contain barsgylindersand lines. Operating on theadius
property only affectsthe cylinders, sinceadius isnot a
property of bars or lines.

An interactor may be classified baseditstwo properties:
cardinalityandtype. Cardinality indicatesthe number of
properties that thénteractor affectsandmay be single or

spatial magnification is that is works well on tasks that are
strongly based onobject spatial position but fadvhen
users want to focus on multiple object skeésed omon-
spatial properties.

Like some spatial magnification techniquesbject
magnification alsofaces the problem of occlusion. In
object magnificatiormany of the newlyexpandedobjects
may occlude orcollide with other objects. This problem
can be solved in SDM by elevating the expanded objects.



In contrast to spatial magnification, howevesbject
magnification works for both spatiallpand non-spatially
basedtasks. For spatiallypasedtasks usersan simply
collect all the data points in the desired space (either
through their longitudeand latitude or by selecting them
from the visualizationpndform a data set. Operating on
that data set would effectively produce the effect of
operating on thereathat contains thelatapoints. One
disadvantage of object magnification, however, is tisatrs
cannot operate on parts of objects. For exangrigrging
a particular road would medhat the wholeroadhas to be
enlarged anchot just part ofit. To solve this problem we
are currently exploring techniquésat combine spatial and
object metaphors.

Someinteractive techniques doot use magnification for
focusing. Instead, they allow users to focus on cedaia
points (objects) bygiving users the ability tahange the

appearance obbject groups in real-time. Objects that are

not in focus are either temporarily invisible[1] or
uncolored[11] (i.e., theyhave adifferent appearancthan
the objects thatare in focus). Users may easilyegain
context by making the invisible points reappear [1from
the uncolored points [11].

Another important issue of focusing in context is sigepe

because all dimensions of the objestsuld be magnified,
not just its heights.

Another way toanalyzeobjects thathave widelydiffering
widths and heights is tochangethe width and/or height
scales to a logarithmic scale. this way, width/height
order is maintained. However, the linear relationships
between the objects are lost. Therefore, it wouldhdre to
comparethe heights of two or more baend determine
approximately how muchwider or taller one is than
another.

Interactively  Augmenting the Visualization with
New Classification Information.

Painting is away to classify object sets bysing color.
SDM allows users to classify objects not onlydhanging
their color but also by changing any otlgarameter. In
addition, current classification methodonly have
temporary effectswhereas SDM allows users tosave
objects sets to disk and restore them in future sessions.

Comparing the
Objects.

The calendarvisualizer [10] solves the problem @fidth
and height comparisons by usifighting to castshadows
on the back and side planes of the visualization (i.e.,

Patterns, Widths and Heights of

of the operation. Techniques such as fisheye lenses [4] angrojecting an orthogonal image/shadow of gteneonto a
stretching [15] have unlimited scope because changes to th#at plane). The main problem with thisnethod is

selected set causes changes to occtinroughout the
visualization. SDMand other techniquessuch asmagic

difficulty in identifying an objectand its corresponding
shadow. In addition, if the information spacelense there

lenses [18] have limited scope in that operations affect onlywill be too much overlap between shadows of the focus set

the selected space(s). Unlimited scope maglibeoncerting
to the user because a local action raffgct objects in the

and shadows of objects that are not relevant.

entire visualization. A disadvantage of limited scope is that In general, theapproachtaken by SDM isdifferent from

it may cause certailbjects/regions to beccluded by the
focus objects/regions.

Viewing and Analyzing Occluded Objects.

In denseinformation spaces, object occlusion is a major

problem. Dynamiauerysliders [1]solve this problem by
providing users with the ability to flexiblghange the
visibility of objects. Other techniquedealwith occlusion
by only partially displaying the objects. Faxample
in [2], when the telephondinks are too dense,only

sections of the linksaare shown to reduce occlusion. A
problem with theapproach in [2] isthat thetechnique is
limited to the length of the lines. In SDM, wmopose
more general techniqueghat apply to multipleobject

types.

Viewing Different Sets of Elements Based on
Different Scales.
Underthe stretchingparadigm[15], this problem may be

solved by pulling on the regiorsurroundingeach of the

otherapproaches becauSDM provides aflexible set of
methods that allow users to manipulate their information
space in many different ways. Many otherinteractive
techniques only allow users to distort the informatipace
based on a fixedmethod. Fisheye lenses [4] and
stretching [15] allow users to increase Hrea ofthe focus
region by reducing the area of surrounding regions.
Painting [11] allow users to focus on tkelectedset by
changing its color.

An exception tothis is the magic lendechnique[18],
which allows manydifferent distortions depending on the
lens that is being used. LikeDM, thatresearch defines a
unifying paradigm, derives ol set fromit, and provides
composition of multiple operations. SDM operations,
however, are designed to enable users to directly manipulate
object appearance as they would in a draw program. Lenses,
on the otheihand, providanetaphors for viewing regions
containing objects indifferent perspectivesand can be
general-purposée.g., to distinguistoccluded objects) or
application-specific(e.g., to view semanticallyrelated
properties of objects). Unlik8DM, lenses do noaddress

small objects in order to extend their heights. Care must beparameter manipulation per se.

taken that thdorce applied taall objects isequal sothat
the object heightsan be fairlycompared. Tosolve this
problem usingfisheye lenses would bgist as awkward



CONCLUSION AND FUTURE WORK

We have presented a suite of technigomsed orthe SDM

paradigm. These techniques enable users to:

* View selectedobjects indetail while keeping them in
context with the rest of the environment.

* View occluded objects by elevating them or by

reducing the widths and heights of surrounding objects.

» View different object sets in different scales.

6.

* Add new information to the visualization that is not 7.

part of the underlying data.
e Compare the widthandheights of objectg&venwhen
they are positioned far from each other.

Many current interactive techniquésnd to examine and

present solutions to isolated problems. The goal of SDM is

to provide users with enough tools and flexibility thiaey
can solve awide spectrum ofdata analysis tasks. The
flexibility provided also presents users witimultiple
alternative solutions for any given task. Although the

9.

examples presented in this paper use rectangular objects and

cylinders, the samtechniquesapply just as well toother
graphical objects.

In the future, we plan to integrateirrentSDM operations
with other aggregationand interactive data manipulation

interface techniquels, 14]. We alsadntend to explore the
possibility of using SDM toperform “what if” analyses,
where changes tmbjects in the visualizatioractually

propagate to the data objects that they represent.
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