Generalized Selection via Interactive Query Relaxation

Jeffrey Heer, Maneesh Agrawala, Wesley Willett
Computer Science Division and Berkeley Institute of Design
University of California, Berkeley
Berkeley, CA 9472776 USA
{jheer, maneesh, willettw}@cs.Hbesley.edu

ABSTRACT

Selection is a fundamental taskimteractiveapplications,
typically performed by clicking or lassoing items of
interest.However,users may require more nuanced forms
of selection Selectingregionsor attributesmay be more
important than selecting individual itemSelectionsmay

be overdynamicitemsand selections might be more easily
created byelaxingsimpler selection( e . sglectall itBms
i ke t h Creating Bueho $elections requires that
interfacesmodel the dclarative structure of the selection,
not just individually selected itemsWe present direct
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Figure 1. Map of reported homicides in Los Angeles, 2007. Color
indicates cause of death, shape indicates t h e v irace {tha
complete visualization, with legends, is shown in Figure 5).

Considerthe visualizatiors of reported homicidesn Los

manipulation techniques that couple declarative selectiofAngelesshown in Figure 1 and 5Analysts collabaating

gueries with ajuery relaxatiorengine thaenablesisersto
interactively generalize their selectiong/e apply our
selection techniquem both information visualizatiorand
graphics editing applicationsnabling generalized selection
over both static and dynamic interface objeétsontrolled
study finds that usergeatemore accurate selection quesi
when using our generalization techniques.
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INTRODUCTION

Pointing to an item or region of interest is comman
everyday commuation because itsets ¢r ground3 the

subject ofthe conversation or actiom the physical world,
people coordinate theigesturs, gaze, and speecko

indicate the objects underistussion[7, §. In graphical
user interfaces, referen€er selection)remains of critical
importance, but is realized through a madimited setof

actfons, such as clicking or lassoing items of interbkist

interfacesnodelselectiosasa simple clection of selected

items. While this approach is simple to implement, it makes

it difficult for users to specify higher level selection criteria.
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around thee visualizatiors might refer to regions or
attributes of interedig], such as fAEast L.
the month of Mg o , or fAal l .Ymilarlg Ao t
analyst may point to an i
t h i s veoballg gederalizing a deictic reference basad
the properties of the item [3].

One way to express susklectionss to use a highdevel
query language such as S@lar example,ite SQL clause

(p § dzd® 01R , date ANDA A OAp f dzd% 31R)
selecs all homicidesin the month of May007. The query
encods the structure of the selectiodeclaratively and
applying the queryesultsin asetof selected itemsSystems
such as DEse [19], VQE [9], and Improvise R7] have
recognized that maintaining ety structure increases the
expressiveness of visualization applications. Each of these
systemsprovides graphical user interfacks instantiating
suchgeneral queriegisually.

In this paper, walsofocus on building aelection interface
thatrepresets the selection as declarativequery over the
attributes ofinterface objects ounderlying dataSelection
queriesare modeled in a SQlike query languagandas in
earlier systemge.g., [9, 19, 23) users createselection
queries through direct mamilation Our system visulizes
thestructureof thequeryandhighlightsthe dataor interface
objects selected by the querfhis formulation supports
both selection of specific items ansklections based on
attributes of the data, which may vary ovendi

The unique contribution of our work is to couple this query
based approach witheneralization mechanisms that allow
users to expand their selections based on an initial selection.
Thisapproacte nabl es generali zed
all victims with the sameage&ashi s oned over
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and dynamic data Such selections are automatically Dynamic Queries, Brushing, and Linking

generated by ajuery relaxationenginethat analyzeghe Our work is closely related to selection techniques used in
attributes and network topology of the interface objects information visualization Dynamic queries [[L typically

underlying data Users interactively select generalization take theform of widgets, such as range sliders, with which
criteria  through a popp dialog (providing choice users incrementally filter visualizations. Brushi2g4, 21]

mediaion [20]) or by repeatedly clidkg to cycle througla enablesselectionthrough direct manipulatigrtypically via

set ofalternateselections groviding repetition mediationin ¢l i cking, | assoing, or fdApaint.i

a mannesimilar to [24]). One class of systemeduses orinteractive selection within

We begin by reviewingelatedresearch orselectionand  visualizatiors [1, 2, 10]. Martin and Ward [21] introduce
reference.Next, we denmonstrate our approach in both a multi-dimensional brushing, in which users can brush over
data visualization systemand a vector graphics drawing projected data using 2D selection regiofibeir system
program and describe our system architectuvée then  then considers the min/max values of the begspoints to
describe a user study of our selection techniques in a dateompute a hypercube enclosing the brushed points in all
visualzation application, finding that subjectsedquery  dimensions. Hypercube constructionaisspecializedorm
relaxation tamoreeffectively author selection&inally, we of query relaxation: the items initially selected are extended

discusduturework and conclude to a full hypercubeHochheiserand Shnei der man
boxes [14 are dynamic queries that select all tisezies
RELATED WORK that pas throughbrush regions; ouapproachgenerates a

Our work on interactive query relaxatiaraws onresearch  similar tool through relaxation eange queries
on direct manipulation selection échnigues including
brushing, linking, and dynamic ques as well asquery
relaxation techniqguefrom the database communityVe
considereachof thesen turn.

Another class of systemsses visual query mechanisms to

create visualizationand specify linking elationships for
coordinated brushing across visualizatioBeapTogether
Visualization P2] implements linkingu si ng #dApr i mar
actions o t h dheindwidual ruplesihat lravee

been selectedC h e ndnpound brushind4] provides a

graphical dtaflow language erding usercreated

brushing oprations across visualizations.

Selection Techniques and Reference

Social psychologists hawxaminedthe basic prerequisie
for communication including reference indicating items
people,andplacesto be discussed. Clark and Brenian?,
8] explain thatspatial referencedo visible objects and Some of these systems explicitly represent the structure of
regionstakes many forms. Such references maydemeral selection queriesLinking in DEVise [19 is specified

(e. g., fi h ove & definjefe.g.nnamed entities), through chains of linkedplots specified in part with
detailed( e . g . , described by atbBrushindggestueeShe systamoaintains a déclarative Guerdy u e
bal | deictic( ®@rg. , pointing to auctardtp pecfdrm linking acsoasyviewisgorovise [Za t

0 n e Bepple often applynultiple forms of reference in  supportscoordinatedqueriesauthored in an auxiliary tree
tandem, across modalities such gigeech and gesture. editor for defining and linking visualizations. Derthick et
However, graphical interfaces rarely support such fanid a | dswal Query Envbnment (VQE) [$ provides a form
generaforms ofreference based interface for specifyingntentional (declarative)
queries coupled with brushable visualizations for specifying
extensionalqueries(selection of specifidtems. Olston et

al 6s VI oroMdes d dext manipation interface
for specifying queries; userabberband a set of visualized
3uplesto select thenandthey dragvisual canvases on top
of one anothetto join the underlying dataPolaris [29
allows specification oboth queries and visualizations by
dragging database column names
for visual variables such as position, color, and shape.

Clark [8] further dividesdeictic reference intgointingand
placing Pointing involves vectorial reference, such as
pointing a finger or directip o n e &csa speaifc Bem
Placing involvegeferencingaregion of spacémbuedwith

a sharedmeaning, such as placing groceries on a counter t
indicate iems for purchase. To varying degrees, graphical
interfaces use both forms of referenéwining actions
using the mouse cursare the most commorrlacing also
occurs, most notably in draapddrop, where drop targets
have defined semanticklowever, systemsrarely support Our work follows in the tradition of these systems, enabling
interactivespecification oh e w fi p In mterflaces, such  userdointeractivelyselectvisualized datar other interface
placesmay includeboth spatial regionsndabstract spaces objects Similarto DEVise,VQE, andimprovise, our system
defined bydata attributes. uses a declarativguery model that supports coordination

In this paper, we describe interface mechanisms that bette"ilnd reuse across visualizationske VIQING, our system

support these forms of communication. Our selection quer)fhur%ﬂorrt]s dirtgst n?;?tll?lgtic?ri 0??2:/?2;’;iglﬁggl?nMoll:e”eS
and relaxatiormodel enables interactive generalization of . 9 P :

deictic references and specification glacing regions gﬁgggg% e?uresg::gg]elsselljencﬁgr? mugrsi:ansg query relaxation
whose contents may change over time. 9 q )
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Figure 2. World Development Statistics. The visualization plots
income against internet u(sfa[@d). f

Query Relaxation

The database community has developgery relaxation
with thegoalof creatingi c ooper at i v éréturrd a-
information beyond that specified by a standard query.
Query relaxation expands the query selection criteria tc
include additional relevant information, often by consulting
a semantic model of the data domdior example, a user
seekingto travelfrom New York toBostonmight query for
morning flights. If no matchesare found,relaxed queries
might insteadreturn train routes thesametime frame

Gaasterland [1Jlintroduces query relaxation techniques in
deductive databases, using logic rulkes specify legal
relaxation constraints. Chu et ptovide query relaxation
for relational databasg5] and XML documents [ using
type-abstraction hierarchies (hierarchical ontologies) to find
semantically similar query resultdierarchies can be hand
authored or generated by unsupervised clustésings].

Our work adapts query relaxation techniques to suppor
generalized dection in graphical interface#\s described

in the following sections, wr system supports configurable
relaxation @erationsbased on theattributesof interface
items and relations betwe#imem In most cases our system
can produce a variety of relaxations from an initial query.

We provideinteraction techniques that enable udenglax
selection queries, cycle through thengrated selections,
andcombinerelaxed selections as desirétiese techniques
are modeledafter mediation interfacesthat disambiguate
input among multiple alternativegg.g., [16 20, 24). For
example, text editors such as Microsoft Wegdthe curso
position ona single click, secta word on adouble click,
and select paragraph on a third click. By cycling through
the alternatives users can find the appropriate selection.

EXAMPLE: INFORMATION VISUALIZATION

We have integrated ougeneralizedselection and query
relaxationtechniqueswith flare (http://flare.prefuse.ong an
opensourcevisualizationtoolkit for theAdobeFlashPlayer

Basic Brushing and Selection
Our selection framework supports common brushing an
dynamic query operations. Figur2 is a scatter plot of

Figure 3. Basic selection operations and resulting query
27 ( %2lases. Images are close-ups from the plot in Figure 2.
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Figure 4. Selection over time-varying data. The selection updates
dynamically as animated data points pass through the selection
range. The sequence shows views for the years 2000 to 2002.

development statistidsom the World Bank [28]including

per capitaincome, internet usage, and population data for
the countries of the world (c.iGapminder [12]). As shown

in Figure 3, our framework translates selection dpamna

in the visualization into declarative queries over the
visualized data. The selection query is in turn used to
generate interactive range brushes and highlighting effects.

Users can click an item to select(Kigure 3, top) and
optionally hold theshift key to select multiple items. Users
can click and drag over the visualization to create a range
query(Figure 3, middle)The range is persisteahd users

can reposition and resize the range as they desire. Users can
also drag along the axis labaif the chart to create one
dimensional rangeddditionally, all legends alséunction
as dynamic query selecto(Bigure 3, bottom) Users can
select collections of itemin discrete legends or select
ranges in continuous legerdjust as they can in tlobart.

Selection Reuse

Because our system maintains the structure oféhaxtion
query it can reapply the selection dynamically over
streaming or time&arying data setsFigure 4 illustrates
countriespassing in and out of a range selection as the
visudization is updated with new data for each year.

Our system can also reapplelection queries across
different visualization®f a data setnd thereby supports
linking across viewsFigure 5a shows a visualization of
eportechomicides in Los Angeles 2007, collected by the
A. Times [18] Color indicaes the cause of death and
shape indicas the victimb s  .rThec aurrent selection



Figure 5. Reported Homicides in Los Angeles County, 2007. (a) Left: Geographic distribution of homicides, including the cause of death
(color) and victimds race (shap e )usingAlegemrdlsaection) ia centifaliL.g.f{usings hange setéctisnp a r
(b) Right: The same data plotted usingi nci dent dat es.Vhe seleationenade mshé geagrpehic display has been mapped to the
scatter plot. Our system extracts the latitude/longitude ranges from the selection query and generates appropriate dynamic query widgets.

highlightsHispanicvictims in central L.AFigure5b shows Consider the datby-agescatter ploin Figure5b. Clicking

the same data plotted as a scatter plot of incident date a an individual itemqueriesthe backing data tupl&igure 6

vi ct i moThee sealarton made in the geographic depicts the use ofepeated clickso cycle through relaxed
visualization is preserved acrosshe two views range queries for the date attribute, expanding the selection to
criteria for latitude and longitudeom the geographic view includeitems in the same day, week, and moriththis
appeafas interactive ranges with@query histogrameext to case,our query relaxer generates sequential relaxations by
the scatterplot. Our sysem inspects the clauses of the traversing a semantimodel of time.

selection query to automatically generdbe additional
range visualizationand therebyensure that the complete
structure of the selection query is visible.

A click-andhold invokesa dialog boxwith which the user
can chooseattributes of interestsuch ascause of death,
race,andage(Figure 7, left). The relaxed quesglects all
itemsthatmatch theattribute valuesf the initially seleatd
items (Figure 7 righf). In this fashion, usergonstruct
expanded selections basedattributes of interest

Data-Aware Annotation

In addition to exploration, selections ammportant for
indicating items for collaboration and presentatid8, [2§.
Users caradd text annotations as they explore a data setQuery relaxation can also be applied to multiple items or to
Our system links the annotation to the data using the currentange queriesFigure 8 shows a range selection that has
selection queryWh en col | abor at or s beer laxed carighthé 0 & & € & end Then eesulirig
anrotations, thesystem applies the savepiery Because query selectsall victims whose race matches that ofya
our system enables reusecpferiesacross different views  victim containedwithin the range bounds. FiguresBows a
collaborators canvi ew each ot her s 0 sirfilarredakatiohih & time-serieshvibigalizatianThe plot
different visual encodings, potentially providing additional shows aggregated homicide counts over time, gEdiuby
perspectives in subsequewntlaborative analysis. age into Syear bins Creating a range query over this

Furthermore, the query structure can be leveraged to ranKisualization selects all individual data points within the
! range. Relaxing the queajong the age dimensiagelects

and filter annotations. For example, when a selection query® <. : :
resuls in a nullresultset due to externdiltering criteria, it all time-series .that pass through theselection rage.

might be omitted from the list ofelevantanndations.In Because(\/_e retain thequery structure,ubsquentesmng
addition thedata columnseferenced byhe query can be or reposﬂpmngof th? ra!'lgefesu_lts n dyn.amlc_updates to
comparedwith thedata column$eing visualized to form a the selectlon. enabling interactive querying similar to .
similarity measurebetween the selection query and the Hochheiser and Shneldder mands
current view.We apply his measurdo sort annotations

according taher relevance to the current view. Alternate Output Modalities

Developers caffurther extend or customize hovselectiors
arepresentedSelection queries can lmitputin a SQL:like
§yntax to be exporte(@s in Figure 3jo databases or hand
modified by proficient users. Selection queries can also be

Query Relaxation: Generalizing to Related Selections
Our system also supports the construction of generalize

selections from simpler selections using query relaxation 4 int wral 1 st idi
techniquesUsers carpick an item or region of intereand mapped Into a natural language repre a providing

generalize the selection to include additional items relateoa.UtomaFed c_aptioning fo_r sele_m'mlanc: pg)teng:llly aidirr]]g
totheinitalsee ct i on (e. g.l,i kfies etl heiCsylsu(ﬂm|g1%abrle_cps§rﬁ]%smga3|mp erule-basempproach,

:



