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ABSTRACT

ZoomableUser Interfaces(zuis) are difficult to useon large in-
formationspacesn partbecauseghey provide insufficient context.
Evenafterashortperiodof navigationusersnolongerknow where
they arein theinformationspacenor whereto find theinformation
they arelooking for. We proposea temporaryin-placecontet aid
thathelpsusergpositionthemselesin zuis. This context layeris a
transparentiew of thecontext thatis drawvn overtheusersfocusof
attention.A secondemporaryin-placeaid is proposedhatcanbe
usedto view alreadyvisitedregionsof theinformationspace This
history layer is an overlappingtransparentayer that addsa his-
tory mechanisnto zuis. We completetheseorientationaidswith
anadditionalwindow, a hierarchy treg thatshavs usersthe struc-
ture of the informationspaceandtheir currentpositionwithin it.
Context layersshav userstheir position, history layersshav them
how they got there,andhierarcly treesshov whatinformationis
availableandwhereit is.

zuls, especiallythosethatinclude thesenew orientationaids, are
difficult to usewith standardnteractiontechniquesThey providea
largenumberof commandsvhichmustbeusedfrequentlyandona
changingmage.The mouseandits buttonscannotprovide a rapid
accesdo all thesecommandswithout new interactiontechniques.
We proposea new typeof menu,acontol meny thatfacilitatesthe
useof zuis andwhich we feel canalsobe usefulin othertypesof
applications.

1. INTRODUCTION

ZoomableUserInterfaceg(zuis) areno longernew andtheir theo-
reticalbaseg7] andpracticalapplicationd1] have beendiscussed
in variouspapersWhenusinga zul, theusersarepresenteavith a
view of aninformationspace Theinitial (or top level) view shavs
the entireinformationspaceat a scalewhich allows it to fit onthe
users’screen. The userscanthenzoom (or enlage) a sectionof
the view thatthey find interesting. The graphicalobjectswill get
biggeruntil, assoonasthereis enoughroom on the screen they
arereplacedoy othergraphicalobjectsshaving the underlyingin-
formationin moredetail. This is called semanticzooming. We
developeda zui for browsing the HuGeMap[14] databasef the
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major geneticand physical mapsof the humangenome.This zui
wasusedasa testbedfor the new techniqueslescribedn this pa-
per. For the purposef this paperit is suficientto know thatthe
top level view in the zul showvs 24 chromosomesthesechromo-
someseachhave threegeneticmaps,andthesemapsconsistof a
large numberof geneticmarkers positionnedalong an axis. The
first threeimageson the Colour Plateshov whata userwould see
in zoomingfrom the top level view (image1), to a view of the
bandsandmapson chromosome.0 (imageZ2), andthento a view
of the Gérethonmapon this chromosomégimage3).

Zuls are usedto presentan information spaceto users. One of
thereasonshatusersareunableto successfullyusezuisis thatthe
view of theinformationspaceshavn to userspr thefocus,doesnot
alwayscontainthe context neededy userso positionthis focusin
the information space. Onceusersare in this situationthey are
disorientedsometimego the point of notunderstandingvhatthey
arelooking at andnot knowing whetherthey shouldpan,zoom,or
dezoonto find whatthey arelooking for. It couldbe saidthatthey
are‘lost in hyperspacé.

We presentwo new temporaryaidsthatthe systemcandisplayat
theusers’commandf they arrivein this situation.Thefirst, acon-
text layer, allows usersto positionthe focuswith respecto more
globalviews of theinformationspace.The seconda historylayer,
allows usersto revisit the routethey took throughthe information
spaceo arrive attheir presenposition. We alsopresentthird aid,
ahierarchytree thatis alwaysvisible. Thisaidis asecondvindow
in the zu1 andshows at all timesthe structureof the information
andtheusers’currentpositionwithin this structure Userscanalso
usethiswindow to changetheir positionin theinformationspace.
zuls arecomplex programswith complex userinterfacesthat are
normally controlledusingthe mouse puttonsandstandardnenus.
Whennavigatingin azul, userzoom,dezoomscroll, createmagic
lensesmove andresizemagiclensesmove andscrollsportal, etc.
Someof theseactionsareexecutedvery frequently A userzooms
until thedesiredscalehasbeenobtainedandscrollsuntil theobject
looked for hasbeenfound. The graphicalobjectsusedto present
the information spacechangefrequently; a zoom or dezoomcan
completelychangehe objectsvisible. Making theseobjectsactive
andusingthemto controlthe zui is problematicdbecauseheseob-
jectschangeand move too frequently We proposea new type of
menu,acontiol meny thatallows usergto controlzuisin aconsis-
tantandrapidfashion.A controlmenucanalsoincludeup to two
scrollbars;asingleinteractorcanthuscontrolacomplex operation.
A zui incorporatingthesenew techniquescan be testedover the
Webatthe urL http://www.infobiogen.fr/services/zomit/.

2. CONTEXT LAYER

In zuisuserscanonly seeoneview atatime: thefocus. Usersoften



cannotunderstandvherethe focusfits into the informationspace
becausd only shavsalimited region of this spaceandignoresthe
surroundingcontext. Fisheye views [6] areoneway of integrating
the context and focusinto a single view. Someof the informa-
tion surroundinghefocusis shovn following therule: the greater
thedistanceof theinformationfrom the focusthe moreinteresting
it mustbefor it to be shovn. The DocumentLens[15] allows the
userto focusonapartof adocumentvhile keepingthesurrounding
pageqthe contet) visible. Threedimensionapliable surfaceq2]
andhyperbolicdisplayq12] relatethescreerareagivento shaving
non-focusnformationto thedistancseit is from thefocus. Thefur-
therinformationis from thefocusthelessinterestingt is assumed
to be andthusthe smallerit is shavn. Thesemethodsdeformthe
information spaceby eliminatinginformationor by changingthe
sizeandpositionof therepresentionsf information.

In contrasto theabose methodghatintegratethecontext andfocus
by deformationwe integratethe context andthefocusby drawing
the context (the context layer) over thefocus. Thesetwo views are
transparensothatthey canboth beenseenat the sametime. User
studieq8] have showvn thattransparenviews andoverlaysarewell
acceptedy users.

Whenusinga context layertwo orthogonalcontrolsareavailable:
the scaleof the view shawvn in the layer andthe relative levels of
transpareng of the context layer andthe focal view. The scaleof
thecontext layercanbechosersothatthe contet layershavs any
view betweertheinitial view andthefocus. Userscanalsocontrol
therelative transparenciesf the contet layerandthe focus. This
allows usersto concentrateon eitherthe context or the focus by
makingthechoserview bedrawvn solidandtheotherastransparent
asdesired.Theinteractorusedto controlthescaleandtranspareng
is describedn section5.

The context layeris positionedso thatthe region of this layerthat
correspondso thefocusis in the centreof the zui’swindow. This
regionis indicatedby arectangledravn in thecentreof thewindow
that shaws the size and position of the focusrelative to the view
currentlyvisible in the contet layer.

This methodof combiningthefocusandthe context avoidsthede-
formationof theothermethodslescribedbore, whichoftenmakes
imagedifficult to recognizeandunderstandThe adwantageof de-
formation,thatmoreinformationcanberepresenteds maintained
by a very fluid andrapid control of the scaleof the contet layer
Theuserscanquickly find the context thatthey needto identify the
focus. Changingthe scaleof the contet layer changeghe posi-
tion andoftentheform of the objectsin the layer. This movement
helpsusersunderstandvhich objectsbelongto the contet layer
andwhich to the focus. The context layer is temporaryandonly
shovn duringthe gestureusedto createandcontrolit. This avoids
overloadingthe screenwith context informationor allocatingvalu-
ablescreerreal-estat¢o contect informationwhenit is notneeded.
Theview of thefocusshown in image3 onthe ColourPlateshavs
aview thatthe usermight seeafterhaving navigatedfor awhile in
the zui. This view doesnot containary cluesthatwould let the
userknow whatmapor chromosomeés visible. In this situationthe
usercanaskthe zui to shav the contet layer The contet layer
containsthe initial view or context (imagel) andis dravn on top
of thefocus(image3) giving image6. The positionof thefocusis
indicatedonthe contet layerby a greenrectangle In image6 this
rectanglecoversthe text ‘10q’ andtells the userthatthe focusis
shaving the chromosomél0. In image7 the userhaszoomedthe
contet layer sothatit shows the namesof the geneticmaps(the
focusnever changesluringthe useof thecontext layer). Thegreen
rectangleshaving the positionof thefocuscoversthe nameof the
Géréthongeneticmap. Thefocusis thusshaving this map. Using
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thecontext layerthe userhasbeenableto positionthefocusin two
differentcontexts.

Whenthe context layer is visible the usercanchooseto concen-
trate on either the focus or the context by changingthe relative
transpareng of thesetwo views. Therelative transpareng canbe
continuouslyadjustedrom a statewhereonly the focusis visible
to a statewhereonly the context is visible. Image8 is similar to
image7 exceptthat the useris now contentratingon the context
andhasfadedout the focus. Therectanglethat shavs the position
of thefocusis alwaysvisible andtheusercanseemoreclearlythat
thefocusis currentlyshaving the Génethongeneticmap.
Transparenbverview layers[4] areadifferenttype of displaythat
differsfrom oursin that: (1) their layeris permanenthile oursis
atemporaryorientationaid; (2) thetransparenglevel of their layer
cannotbechangedy theuser;(3) theirlayeralwaysshavs thetop
level view of the informationspacewhile ourscanbe usedevenif
thereis notop level view; and,(4) their layercanbe usedto move
or modify the objectsin the informationspacewhile our zui does
notallow objectsto bemanipulatedn thisway.

3. HISTORY LAYER

Context layersallow the userto find the answerto the question
‘wheream|?’ Anotherimportantquestionis ‘how did | gethere?’
Zuls needa history sothatthe usercanreturnto previously visited
regions of the information spaceand seetheseregionsin relation
to thefocusandthetop level view. We proposea transparenand
temporaryhistory layer that allows the userto move interactively

along the pathtaken in the zui. As with the contet layer, the
history layer is temporaryso as not to overloadthe screenand it

disappearsvhenthe userreleaseghe mousebutton at the end of

the gestureusedto createit.

The pathtaken by the userin the zul is a sequencef views of

the information space. The first view is the initial (or top level)

view (imagel on the Colour Plate)andthe view on the screenis

thelastcurrentview (image5). All the views (calledthe historical
views) seenby usersare storedin this sequencelmages2 and3

are historical views that the userhasseenin going from the top

level view to thelastcurrentview. Thehistorylayeris dravn over
thetop level view (giving image4) andcontainsa view thatcanbe
variedby usersfrom thelastcurrentview, via theall the historical
views in order to theinitial view (andbackagain). The usercan
thusinteractizely ‘go backin time’ andseetheevolution of thecur-

rentview in relationto thetop level view. The comparisoris done
directly becausdransparenviews are usedso asto show the top
level view andthe historical view simultaneously This compari-
sonis alsoaidedby therectanglesdravn in two differentcolours,
thatshav the sizesandpositions,relative to the top level view, of

thelastcurrentview andthe historicalview. Theinteractorusedto

controlthe historylayeris describedn section5.

As with the contet layer, the relative transpareng levels of the
history layer andthe top level view canbe adjustedso userscan
concentraten the history layer or on the top level view. Thetwo

rectanglesshawving the position of the currentview and the last
currentview are always dravn solid and are not affected by the
level of transpareng

The currentimplementatiorof historyoverlaysrequiresatop level

view. This maynotexist in systemavhereuserscandezoomfrom

aview of their own filesto a view of, potentiallyandfor example,
thewholelnternet. Thescaleof thetop level view couldalsobe so
differentfrom thatwheretheuseris currentlyworkingthatusersare
unableto seechangedo the positionsof the currentandhistorical
views. We are currentlyinvestigating whetherthe systemshould



choosea differentview to replacethe top level view andwhether
(andhow) userscancontrolthis choice.

4. HIERARCHY TREES

zuls are often usedon hierarchicallystructureddatasets.Creat-
ing aninformationspacefor a zui requiresthe developerto pro-
vide graphicalobjectsvisible in thetop level view of thespacehat
summarizethoseobjectsfound when userszoom. Theseobjects
will thensummarizehoseobjectsto befound asuserscontinueto
zoom.A hierarcly is thuscreated Objectsin theinformationspace
thatarenot accessiblevia objectsvisible in the top level view will
behardto find by usershecausehey will have noway of knowing
wereto zoomto find them. The critical zonestechnique[10] can
be usedto automaticallyprovide the cluesthatthereareobjectsto
befoundby furtherzooming.

Thetechniquegpresentedn the previous sectionhelp usersto un-
derstandhe informationspacefrom the top level view to the cur
rent position. However, usersdo not know whatis in otherparts
of the informationspaceandin particularwhatis to be found by
further zooming. The useris alsounableto usethe hierarcly to
navigatein the information space.Userslooking at the detailsof
anobjectareunableto rapidly dezoonto seethe entireobjectand
cannoteasilymove from a sub-objecto anothersub-objecof the
sametype.

zuls are threedimensionalspaceq7] andthe scaleis the verti-
cal dimension. The main view in a zul shavs a horizontalslice
throughthe information space. We proposea secondorthogonal
view, calleda hierarchy treg thatis a view of a flattenedvertical
slice throughthe information space. The namesof thoseobjects
above the currentpositionof the userin the spaceareshavn. Ob-
jectsalso have types(an object can be a chromosomea map, a
sequencegtc). If theinformationspaces highly regular, theentire
hierarcly of typescanbedisplayedn thehierarcly tree,otherwise
justthatpartof thehierarcly centredonthe users currentposition.
This hierarcly treewill thusshowv usersthe structureof the infor-
mationspaceyhatinformationis available,wherethatinformation
is locatedandhow to find it.

L 2 3 4
AFMbO073xcl chromosome 8 9 10
14 15 16
- Arm
AFM144ye9 {
AFM025yb2 preand
AFMb321yf9 Subchrband
AFM157xb12 L data
AFMa058yh9 CHLC V3
L map Genethon se
AFMa311ycl WIMITRH
AFM343td9 marker
AFM183xh10 sequence

Figurel: hierarcly tree

Figurel shaws partof themainview of theinformationspaceplus
the hierarcly tree. In this regularinformation space the chromo-
somesarevisible on the top level view of the information space.
The chromosomesonsistof arms,dataand maps. This structure
is displayedassoonasthe zul starts. The users currentposition
in thestructurds shovn in magentgor light gray);in this example
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theuseris currentlylooking atthe ‘G énéthon’mapon the chromo-
some9. Thestructureindicatesthatif the usercontinueso zoom
onthemap,it will be possibleto find themarlkers’ sequences.

4.1 Navigation

This techniqueoffers an efficient methodfor rapid navigation as
userscan usethe hierarcly view to navigate in the information
spaceandto directly accesselatedbut currentlyinvisible objects.
If the userclicks on the string ‘chromosome’shavn in Figure 1,
the zul will dezoomsuficiently to show all of chromosome9.
Userscanalsoclick onthestring‘CHLC v3’ (thenameof themap
next to the ‘Génethon’mapon the chromosomé) to move to map
CHLCv3. In thiscasethezui will shav thesamerelative position
onthenewn map.

4.2 Similar techniques

ExcentricLabeling [5] offers a way of identifying objectson the
screen. This techniquelabels, with ‘tool tips’ in the main view,

thoseobjectdocatedaroundthecursor We proposeadifferent,non
intrusive way, of identifying the objectcurrentlyunderthe cursor
As usersmove thecursoracrosghemainview thehierarcly treeis

updatedo shaw the type andnameof the objectunderthe cursor
If the cursorleavesthewindow or is noton anobject,thehierarcly

view indicatesthe lowestlevel in the hierarcly to which all the
objectsin the mainview belong. Our methodof labellingremains
similar to ‘tool tips’ in thatthe userdoesnot have to askfor the
informationto appear

ThegIBIS system[3] providesa globalview of thedisplayedBIS

graphstructurethatis in somewayssimilar to our hierarcly trees.
Their globalview shavs the subjectof all thenodesn the network

organisedby their primary link. As userszoom or panthe local

view of thenetwork, theglobalview scrollsto shav theusers'their
currentpositionin the network. The global view canalsobe used
to navigatein the network. Their global view doeshowever differ

from our hierarcly treesin thatit shavs all the nodesin the net-
work. This meangthatat ary momentonly a small proportionof

its contentsare visible and a scroll bar mustbe usedto navigate
within the globalview. zuistypically containa very large number
of objectsandsoa globalview of all the objectsin theinformation
spacewould be sobig asto beineffective. As discussedbove, our

hierarcly treesaredesignedo make useof the structurepresenin

mary zuis andthusshav the typesof the objectsin theinforma-
tion spaceandthe namesof only that objectunderthe cursorand
its ancestorén thehierarcly.

4.3 Evaluation

To aid the evaluationof the visualizationtechniquegroposedn
this paperwe createda modified versionof the zul without the
hierarcly trees Eightsubjectschoserfrom our colleaguest Info-
biogen,weretaughthow to useour zui. Thesubjectsvereaslkedto
answer22 multiple choicequestionsA training sessiorexplained
how to answetthesequestiorwith andwithoutthe hierarcly trees.
This experimentaldesignallowed usto study usingtwo interfaces
otherwiseassimilar aspossible whetherthe hierarcly treeswere
of assistance.

Orderingeffectsweretakeninto account.Half of the subjectsan-
sweredheirfirst 11 questionsvith thehierarcly treesandtheother
half of thesubjectsaansweredheirfirst 11 questionsvithoutthehi-
erarcly trees.Half of the subjectaveregiventhefirst 11 questions
in thelist of 22 to do first while the otherhalf of the subjectsdid
thesecondhalf of thequestiondirst. Thisleadto four equallysized
groupsof subjects.

For eachsubjectwe calculatedthe time takento answerll ques-
tions without the hierarcly treesdivided by the time takento an-



swertheotherllquestionsvith thehierarcly trees.A valuegreater
thanonefrom this calculationwould meanthathaving the context
aidswasan adwantage.The meanvaluewas1.58 with a standard
deviation of 0.54. The high standarddeviation was causedy the
lack of familiarity of someof thesubjectswith zuis. For thesepeo-
plethetrainingsessiowasnotlongenoughandthey thusfoundthe
secondsetof questiongasier In generahoweverthesubjectavere
fasterwith the hierarcly treesandwerepositive in their comments
regarding theseaids: in factthosethat startedwith the hierarcly
treeswerereluctantto continuethe experimentwithout them. The
other new techniquegpresentedn this paperare currently being
evaluated.

5. ANEW INTERACTOR

Standardmenussuch as pull-down, pop-up and marking menus
[11] allow actionsto be selected.Pop-upand markingmenusare
conttual: they are activatedat a locationchosenby users. The
programcan thus adaptthe contentsof the menuto the objects
foundatthatpositionandapplytheactionchoserto thoseobjects.
Pop-upandmarkingmenusdo not allow the operationto be con-
trolled onceit hasbeenchosenfrom the menu(a scroll operation
cannotbe completedusingjust a standardnenu)anddo not allow

usersto supplythe parametersequiredby the operation.An oper

ationsuchasafont sizechangen aword processooftenrequires
adialogboxto provide the new size. The usersmustselectthe op-

erationusingthemenuandthenconcentrat®n a secondnteractor
Oncethe new sizehasbeenenteredhe dialogbox disappearand
the usersmustreconcentraten the maintask.

Panningin a zul requireseithera dedicatednousebutton so that
userscandragtheimageor two scrollbars.It is notpossibleto pan
usinga standardnenuexceptwith difficult to usecommandsuch
as‘move a little to theleft” Zoomingis alsodifficult to perform
with a standardmenuasuserswantto zoomuntil they reachthe
requiredscale.Standardnenusonly allow usersto zoomby fixed
stepsandthatonly by repeatediseof themenu.

5.1 Control menu
We proposea new form of pop-upmenu, called a control menu
[13], that canintegrateup to two scroll barsor spin-boxes. With

pan?

| PR |
context?

isch

m remove lensP
N e fensh

Figure2: the controlmenuin our zul

zoom?

this menuuserscan choosean operationand control it or supply
parametersvith asinglegesture.

A controlmenuworkssomevhatlik e amarkingmenu.Thenovice

userpresseghe mousebutton and waits (0.3 seconds)until the

menuappearsunderthe cursorand then movesthe cursorin the

direction of the desiredoperation. The menudisappear&ndthe

operationstartsas soonasthe cursorhasbeenmaoved the activa-

tion distancefrom the centreof the menu. (We have empirically
chosenan activation distanceof five timesthe radiusof the circle

in the centreof the menu.) The operationfinisheswhenthe user
releaseghe mousebutton. A userthat haslearntthe position of

thedesiredoperationdoesnot have to wait to seethemenuandcan
move the cursorimmediately The gestureis otherwisethe same.
This userhasthuslearntto beanexpertandis notdistractedy the
NOW unnecessargnenu.
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5.2 A control menu integrating a scroll bar

A control menucan be usedto modify the scalein a zui. This
operationis an exampleof theintegrationof a menuanda single
scroll bar. Figure3 shavs the mousemovementsduringthe useof

mouse button 1. choose zoom_ 2.zoom
pressed \ g ’ ‘

\ 3. dezoom \
‘ —

mouse button
< released

4.zoom _ | _ final result (dezoom)

Figure3: zoomingwith acontrolmenu

a control menuto choosethe zoomoperationandto then control

the zoom. The userpresseghe mousebutton and movesit the

activation distance(movement1) towardsthe right (asthe zoom

operationis on the right of the control menuin Figure2). This

selectsthe operationandthe cursorchangeon the screen.From

this momentuntil the mousebuttonis releasedmousemovements
to theright (movements2 and4) zoomtheview andmovementgo

theleft (movement3) dezoomit. The feedbackis immediate:the

view changessthe usermovesthe mouse.The userreleaseshe

mousebutton oncethe desiredscalehasbeenobtained(a dezoom
in this example).

During the zoom operation,the usercan undo the currentzoom
by moving the mouseup or down a large distance. The usercan
thenconfirm the undoby releasingthe mousebutton or canundo
the undoby moving the mousebacktowardsthe centreof the dis-

play. It this casetheuserstill hasthemousebuttonpressedndcan
continuethezoom.

5.3 A control menu integratingtwo scroll bars

A controlmenucanalsobeusedto performtwo dimensionapans.
It thusreplacegwo scroll bars. The panoperationis selectedby
pressingthe mousebutton and by moving the mouseup (the pan
operationis at the top of the controlmenuin Figure2). The view
is draggedby the mouseduringthe operation.It is not possibleto
undothis operationasit is possibleto undoazoombecauseill the
movementf the cursoralreadyhave a meaning.

5.4 Control menusand simple commands

A controlmenucancontainsimplecommandshatdo nothave ary

parametersCommandshatcanbe cancelledareexecutedassoon
asthecursorhasbeenmovedtheactivationdistancdrom wherethe
mousebutton was pressed.As the userstill hasthe mousebutton

presseda movementin the otherdirection undoesthe operation.
The undo can be undoneby moving the cursorbackagain. The
userreleaseshe buttonwhenthe desiredresulthasbeenobtained.

55 Marking versus control menus

When an expert usesa marking menuthe distancemoved during
the selectionof an operationis not important. Only the form of

the gestureis importantandis analyzedoncethe userreleaseshe
mousebutton or stopsmoving the cursor(soasto seea menu). A

controlmenuis differentin thatthe distancemoved by the cursor
is important. The positionof the cursoris constantlyanalyzedand
assoonasthe cursorhasbeenmovedthe activation distancefrom

wherethemousebuttonwaspressedthe operationindicatedby the
directionof themovements started.



5.6 Control menus with context and history
layers

A controlmenuis usedto controlthehistoryandcontext layerspre-
sentedn sections2 and3. The context layer hastwo parameters:
the scaleandtherelative transpareng The scaleis controlledby
horizontalmovementsof the cursorandthe transpareng by ver-
tical movements. The control of the history layer is similar; the
choiceof currentview is controlledby horizontalmovementsof
the mouseandthe transpareng by verticalmovements.Thesepa-
rametersare not integral [9] (a diagonalmovementof the cursor
hasno simplemeaningandwe arecurrentlyinvestigatingwhether
this posegroblemsfor users.

6. IMPLEMENTATION

Theideaspresentedh the previoussectionsvereimplementedand
testedin a client/serer systemdesignedo be usedover the Inter-
net(Figure4). Theclientis a Java appletthatcommunicatesvith

! html -
web ‘ page web TCP/IP
browser | connection

T Java server

client | |classes
(Java 1 HuGeMap
applet) - —

i | server |application data
user's machine | Illc):rary nge <] Dbase
”””””” ++ ++
our machines (C+) (C++) server

Figure4: clientsenerimplementation

a C++ serer over a TCP/IP connection.The client communicates
the users currentposition to the sener and the sener responds
with all the objectsvisible atthe positionin theinformationspace.
Theclientstockstheseobjectsandcanthusrespondapidly to user
commandspnly the arrival anddisplay of new objectsis delayed
by the lateng of the network connectiorto the sener. The sener
remainscloseto the databasesothatit canrapidly readthe large
quantitiesof informationrequiredto constructheobjectsto besent
totheclient. Theclientandthe sener library thatit communicates
with arestandarcanddo not needto be changedo provide a sys-
temto visualizea completelydifferentinformationspace Only the
databaseodeandthe codethat calls the sener library, shovn in
boldtext in Figure4, needto be changed.

7. CONCLUSION

We have attemptedo addresoneof the major problemsof zuis:
thelack of context andthusthe users’difficultiesin understanding
wherethey arein theinformationspaceandwherethey canfind the
informationthatthey arelookingfor. We have developednew visu-
alizationtechnigueshatprovide anew way of combiningthefocus
andcontet in zuis. Oneof our new contet aids, hierarcly trees,
is alwaysvisible andprovidesa constanteminderof theusers po-
sitionin theinformationspace Theothercontet aids,contet and
history layers, are only visible whenthe useris lost andrequires
orientationhelp. We will continueto comparethesequite different
aidsandtry to understandvhenandhow theuserdfind themuseful.
The interactioncompleities that exist in zuis and especiallyin
our zul with its extra contet aidsleadusto developanew type of
menuthat combinesthe selectionand control of operations.This
nev menuhasbeenintegratedinto our zul but we believe that it
will beusefulin othervisualizationprograms.

We hopethatthe combinationof our new context aidsandour new
interactionmethodswill give usersbettercontrol over a betterin-
terface.
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