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ABSTRACT

This article introducesthe OrthoZoom Scroller, a novel
interactiontechniquethat improvestarget acquisitionin

very large one-dimensionalspaces. The OrthoZoom
Scroller requiresonly a mouseto perform panning and
zoomingin a 1D space. Panningis performedalong the
slider dimensionwhile zoomingis performedalong the
orthogonal one. We presenta controlled experiment
showingthat the OrthoZoomScrolleris abouttwice asfast
as Speed DependantAutomatic Zooming to perform
pointing taskswhoseindex of difficulty is in the 10-30bits

range. We also presentan applicationto browse large
textual documentswith the OrthoZoom Scroller that uses
semantic zooming and snapping on the structure.

Author Keywords
Interactiontechnique multi-scalenavigation,pointing task,
scrolling task.

ACM Classification Keywords
H.5.2. [User Interfaces]: Interaction styles; 1.3.6
[Methodology and Techniques]: Interaction techniques.

INTRODUCTION

One-dimensiona(1D) navigationand selectiontaskssuch
as using a slider or a scrollbarinvolve selectinga value
within a boundedrangethroughpointing. Screen-sizeand
resolution limitations pose problems when the range
becomestoo large to map one value per pixel. For
example,in a 1000 pixel-wide slider representinga range
from 1 to 10,000,eachpixel representden values. It is
thereforeimpossibleto scroll continuouslyover a large
documentin which the numberof pagesfar exceedsthe
number of pixels in the scrollbar.
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Information visualization applications commonly use
slidersto selectvalueswithin largerangesbut requirea text
field entryto specifya precisevalue. Enteringtext to select
a value over a continuousrange breaks ShneidermanQOs
principlesof direct manipulation[23] and consumescreen
real-estate.To dealwith largespacesmulti-scaleinterfaces
[11, 22] introducethe scaledimension,sometimesalled Z
(we usethe words scaleand zoominterchangeablyn this
article). This article introducesOrthoZoom Scroller, a
mouse-basedmulti-scale 1D scrolling and pointing
techniquethat performsbetterthan the only other known
multi-scale techniquethat uses standardinput devices.
OrthoZoomScroller allows usersto achievevery difficult
1D pointing tasks(~30 bits) by controlling panningwith
one mousedimensionand zoomingwith the other. Using
this technique a usercould selectonebasepair out of the 3
billions (~32 bits) of the humangenomein one continuous
multi-scale pointing gesture.

We first review related work and then presentthe
OrthoZoomScroller. We evaluateit by comparingit with
the SpeedDependantAutomatic Zoomingtechnique[14]
which aims at similar goals and has beenwell studied
before. Finally, we presentan applicationto browselarge
textual documents with th@rthoZoom Scroller

RELATED WORK

We classify interactiontechniquesfor selectinga precise
value within a range into two categories: discrete
techniques and continuous techniques.

Discrete techniques

Discretetechniquesuse non-continuousmechanismsuch
as filtering to removevaluesfrom the rangeor multiple
interactions to control the zoom.

BinScroll [16] is a techniquethat requiresfour buttonsto
performa dichotomicsearchin a list of textualdata. Two
buttonsallow the userto progressivelyreducethe list by
selectingthe top half or bottomhalf of thelist relativeto a
currentitem. The two otherbuttonsare usedto selectan
item or cancel an operation.

LensBar[17] is a listbox augmentedy a slider and a text
entry field to performselectionswithin a largelist of data.
Thelist canbe reducedby enteringa patterninto the textual
entryto selectthe matchingdataor by performingzooming
aroundthe currentitem. Clicking the currentitem and



movingto the left zoomsout, displayinga coarsersampling
of items. LensBarcontrolsthe visibility of itemsusinga
degreeof interestfunction (DOI) computedaroundthe
currentitem. Thus,LensBarrequiresboth a keyboardand
datapre-processingp assigna DOI to eachitem. Thescale
factorandpanarecontrolledusingthe mousebut cannotbe
specified in one continuous interaction.

The Alphaslider[1] is an augmentedslider consistingof

two or threesub-sliderseachone representinga different
granularity of movementwithin the depictedrangeof the
whole slider. Although eachsub-slideris manipulatedn a

continuous way, switching between two sub-sliders
Obreaksthe interaction. Furthermore the granularity is

limited to threelevels. The FineSlider[18] extendsthe

AlphasliderOsidea by allowing users to adjust the

granularityof the sliderOsontrol: clicking on the sliderat a

spototherthanthe knob movesthe knob towardthe cursor
location at a speedproportionalto a distancebetweenthe
knob andthe clicked point. The PVSlider[2] usesa grid to

provide feedbackon the transition from one granularity
level to another the transitionbeing fired when clicking a

button. The FineSliderand PVSliderhavea wider rangeof

precisionthan the AlphaSliderbut, once again, switching
between granularity levels is not continuous.

The Control Menu [20] usesa circular menuto trigger the
control of a 1D or 2D continuousparameters.The article
shows how to navigate a zoomableinterface using a
continuouszoomtriggeredby a horizontalitem anda panat
the current zooming level triggered by a vertical item.

Continuous techniques

Guiard et al. [9] demonstrateahat high precisionselection
taskscan be thought of as multi-scale navigationtasks.
Continuoustechniquesmake use of two categoriesof
dimensionsthe scale/zoomdimensionand the pan/scroll
dimension,to selecta precisevalue with a continuous
interaction.

Using a non-standard input device
Sometechniquesisenon-standardnput devicesto perform
navigation in a multi-scale world.

Zhai et al. [26] showthe benefitsof controlling zoom and
panwith bi-manualtechniques.For examplejn [9, 11, 12],

userscontrol panningby moving a stylus on a tablet with

their preferredhand while they control zooming with a

joystick with their non-preferrechand. Thesetechniques
are challenging to transfer to handheld devices.

Zoom Sliding, or Zliding [22], doesnot necessaryequire
both handsby using a pressure-sensitiveablet. It fluidly
integrateszoomingvia pressurecontrol with panningvia x-
y cursormovement. The limited rangeand precisionof
pressurelevels requires additional techniquessuch as
clutchingor usingthe keyboardto achievea precisecontrol
of scaling.

Using a standard input device

Two recenttechniquesuse circular motion to control the
zoomfactor. Both useclockwisemotionto scroll the view
down and counterclockwise motion to scroll it up.

The Radial Scroll Tool [24] usesthe circle radiusto adjust
the scrolling rate: smaller circles mean faster scrolling,

while larger circles meanslower scrolling. The Virtual

Scroll Ring [19] interpretscircular movementdifferently:

it usesthe distancetraveledalongthe circumferenceof the

circle insteadof the radius. Larger or fastermovements
producefasterscrolling while smalleror slowermovements
produceslower scrolling. On someinput devices,suchas
the mouse, circular movementscan be difficult to do.

Furthermoregcontrolling a linear parameteusinga circular
dimension can be disturbing for novice users.

The othertechniqueausetwo linear dimensionsto control
zoom and pan.

The Position+VelocitySlider is a stylus-basedechnique
proposedin LEAN [21], a prototype to managevideo
streams. To browse videos, the user begins a drag
anywherein the video window, moves horizontally to

browseand vertically to adjustthe browsingvelocity (the
useralwaysstartsat the minimum velocity). The authors
have qualitatively evaluatedthe whole interfacemaking it

difficult to measure the specific benefits of the
Position+Velocity Slider.

The InfoVis Toolkit [6] providesmulti-resolutionsliders:
the precisionis increasedwith the orthogonaldistanceto
the slider track. However, no evaluation has been
conductedon the effectivenessof the techniqueand no
feedbackis providedso usersare usually not awareof the
feature.

Speed-Dependenfutomatic Zooming (SDAZ) [14] is

designedto facilitate navigationtasksover large spaces.
Navigationis controlledby a dragginginteractionthat can
be activatedanywhere. The scrolling speedis proportional
to the distancebetweenthe clicking point and the current
point. This techniquealso keepsthe visual flow of the

navigation constant by adjusting the zoom factor

dynamically: the zoom factor is linked to the scrolling

speed. This behaviorallows usersto continuouslyadjust
their granularity. It requiresfine tuning to adaptthe visual

flow to the userOabilities. Cockburnet al. [5] haveshown
that SDAZ was the most efficient techniqueto reacha

targetin a scrolling interface for large text documents,
compared with traditional scrolling techniques.

All the techniquescontrolling a 2D spacerequire eithera
non-standardnput deviceor linking two dimensionssuch
as the scrolling speed and the zoom factor, as in SDAZ.



THE ORTHOZOOM SCROLLER

(a) (b) (c)
Figure 1. (a) low precision (b) medium precision (c) high
precision

The OrthoZoomScroller extendsa traditional slider into a
1D multi-scale navigationtechnique. It behaveslike a
traditional slider when the mouseis moved within the
boundsof the slider. Whendraggingthe mouseoutsidethe
bounds of the slider, it continuously changesthe
granularity/zoomof the slider (Figure 1). The granularity
decreasess the mousecursorgoesfarther away from the
sliderbounds. In otherwords, moving the mousealongthe
slider orientation performs a pan whereasmoving it
orthogonally performs a zoom.

Control area: orthogonal dimension

Let us considerthe selectionof a value in a range R
containingr valueswith a slider S of s pixels. A valuecan
be selectedwith a precisionr/s, which is equivalentto
looking at the rangeat a zoomfactor s/r=Z,j,. Thus,when
r>s, somevaluesbecomeunreachablewith a traditional
slider.

We adjust the input precision by using the orthogonal
direction of the slider. The OrthoZoom Scroller has a
control area greater than the area of its graphical
representation.The largerthe orthogonaldistancebetween
the slider and the cursor, the higher the zoom factor
(precision)(Figure2). Thus,theinitial zoomfactor canbe
chosenby startingthe drag interactionat any orthogonal
position, provided that the whole window is availableto
OrthoZoom.

We map a maximal zoom factor, Z,,,, onto the maximal
orthogonaldistanceD,,,,, andinterpolate[Zyn, Z,..] onthe
interval[0, D,.,,]. Typically, Z., isfixed at1,i.e.thezoom
factor allowing selection of any value in the range.
Following Guiardet al. [10], for a displacemenbf Ax, we
apply a zoom of Az. Applying this zoom consistsin
multiplying the currentzoomingfactor by Az, thus, for a
positionx between 0 an®,,,, the zoom factoz is:

Z = AZ" with Az = "%/s/r
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Figure 2: Using the orthogonal direction to adjust the control
precision, i.e. the zoom level

Control area: collinear dimension

The controlareaof an OrthoZoomScrolleris not limited to
the graphical boundsof the slider. The spaceon the
orthogonaldirection is usedto control the zoom factor.
However, allowing the userto adjustthe zoom factor z
raisesa problemwhenr_z > s: the usercannotreachthe
two boundsof the rangeR by bringing the cursorto the
graphicalboundsof the slider S sincethe slideris mapped
to a sub-part oR (Figure 3).

To solvethis problem,the control areais extendechot only

in the orthogonal direction but also in the collinear
dimensionoutsidethe slider bounds. Sincethe coordinates
of the input device are limited to the screen/window
boundswe trigger a fixed rate scrolling whenthe mouseis

dragged outside the edges of the screen/window.
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Figure 3. Reachable values within the bounds of the slider ar
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EXPERIMENT

We conducteda controlled experimentto comparethe
efficiency of the OrthoZoom Scroller (OZ) with Speed-
DependentAutomatic Zooming (SDAZ) in pointing tasks
for severalindices of difficulty. We selectedSDAZ
becauseit is the only mouse-basednulti-scale scrolling
technique with continuous control that outperforms
standard scrolling interfaces [5].

We designedthis experimentto measurethe limit
performanceof the two techniquesin pointing tasks,
following Hinckley at al. approach [13].

Subjects

Twelve unpaid adult volunteers,11 malesand 1 female,
aged?26 yearson average servedin the experiment. The
experimentwasdivided into two blocks,onepertechnique.
We explainedparticipantshow to achievethe taskusingthe
technique for ten minutes and let them practice 20
randomly-chosen trials before each block.

Apparatus

We useda HP workstationwith a2 GHz Pentium4, usinga
1280_1024LCD monitor and an optical mouse. The
programwas written in Javal.4 usingthe Piccolo Toolkit
[3]. We setthe window size to 600_800pixels and the
document length to 600_808%gixels.

Task

The participants@sksinvolved pointing asfast as possible
on successivéargetsappearingoneat a time in a document
too largeto be viewed at its naturalsize without scrolling.

The participantshadto scroll the window vertically to bring

thetargetat the centerof the view, indicatedby a horizontal
black line. An arrow showedthe direction of the target
from the currentview, pointing up when the targetwas

abovethe view, downwhenit wasbelow, andleft whenit
waswithin theview (Figure4). Becausdhetargetwasnot
visible at every zoom factor, a horizontal orangeline,
insensitiveto the zoom factor, showedthe targetlocation.
The target was also surroundedby concentric circles
sensitiveto the zoom factor. The pointing task was
completedwhenthe targethad beenkept underthe cursor
for one secondat a zooming factor of 1. The target,
initially red, becameblue. We usedthesetargetindicators
(orangeline and concentriccircles) to avoid the situation
wherethe userwaslost in the document(Figure4). They
did not biasthe task becausehe trial was over only when
the zoomfactorwas 1. Furthermorethe orangeline was
not Osnappable@.e. the systemdid not use its own
knowledgeof thelocationof thetargetto help pointingat it.
Indeed,pointing at the orangeline andzoomingin quickly
would certainly miss the target by severalpagesin an
unpredictable direction for large indices of difficulty (IDs).
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Figure 4. Task: (a) target under the viewport (b) target in the
viewport (orange line) but not visible at this scale factor (c)
target in the viewport and visible at this scale factor (d) targe!

has been pointed for at least one second

As soonasthe targetbecameblue, the endingtime of the
currenttrial waslogged. Anothertrial beganassoonasthe
subjectpressedhe mousebuttonon the targetthat hadjust
beenreached. This target disappearedind a new target
appearedat anotherlocation and the beginningtime of a
new trial was logged.

Hypothesis

We predictedOrthoZoomwould be fasterthan SDAZ in all
casesandwasa goodtechniqueto achievetaskswith large
IDs. Furthermorewe predictedthat userswould preferto
control the zoom factor themselves,independentlyof
navigation speed.



Hypothesis 1: OrthoZoom is faster for multi-scale pointing

than SDAZ

SDAZ and OZ both usea mousedisplacemento control

scrolling speed(precision). To control the zoom factor,

SDAZ usesthe distancebetweenthe mousecoordinate(y;)

andthe initiating point (yo) while OZ usesthe x coordinate
of the mousein the window (x). To control the scrolling

direction, SDAZ usesthe sign of the draggingvector (V)

while OZ usesthe sign of the movementvector (v) (Table
1). Thus,it is easierto changethe scrolling directionat any
zoom factor with OZ thanwith SDAZ. With SDAZ, the

user must initially reachy, to move away in the other
direction, losing the current zoom factor. Every
intermediatestep beforereachingy, leadsto a document
movementin the non-desireddirection. OZ is likely to be

more efficient than SDAZ becausechangingdirection is

common in pointing tasks [25].

Po (Xo, Yo)
Prg (Xe1, Ye1)
\ )V
P (Xt Vo) P (Xt Vo)
Ay = f(yr-yo) VYo
Ay = f(xy) Yi1-Yt

Table 1. Scrolling rate and direction with SDAZ and OZ

Hypothesis 2: OrthoZoom deals well with difficult pointing
tasks

Multi-scale navigation allows dealing with very large
documentsprovidedthat one can easily control the zoom
factor. We hypothesizethat using the orthogonal
dimensionis an effectiveway to adjustthe zoomfactor. To
test the effect of task difficulty on OZ performancewe
useddifferent indicesof difficulty in our experiment. The
index of difficulty of a pointing taskis given by FittsQaw
[7]: ID = log(1+D/W) whereD is the targetdistanceand W
the targetsize. Experimentsdealing with very difficult
pointing taskshaveusedIDs up to 30 bits [9, 10, 12]. In
our experimentwe haveusedthe following IDs: 10D15B
20 B 25 B 30. Hinckley [13] warnsthat there may be a
(Device by WO interactionwhen evaluating scrolling
techniques. Thus, we usedthree different target sizes:
H/10, H/5, H/2, whereH is the window height (800 pixels).
We computedthe correspondingvaluesfor D usingthe
relation:D =2"° x W. Thus, in this experimentwe hadthree
independent variable$echniquelD and target widtiW.

2 technique conditions (OZ and SDA2)
51Ds (10 b 15 b 20 b 25 and 30)

3W (1/10 b 1/5 and 1/2)

30 possible tasks.

I X X

We groupedthe trials into two blocks, one block per
condition, to avoid disturbing subjectswith successive
changesamongtechniques. Eachparticipantwas exposed
to the 2 techniqueconditionsby performingone serieswith
OZ andthe other with SDAZ. We computed6 different
series. 2 participantswere randomlyassignedo a series:
one beganwith the OZ techniquewhile the other began
with the SDAZ technique. Thus, we had 2 groupsof 6
participants:one group performingthe order OZ b SDAZ
andthe otherperformingthe orderSDAZ BOZ. We chose
this experimental design to minimize ordering effects.

Therewere 2 blocks per series;eachblock consistedof 45
trials (5 IDs x 3 W repeate times). Presentatioorderof
the trials within a block was randomized.Thus, each
subject performed:

2 blocks of 45 trials
x 2 technique conditions
= 180 trials per subject.

For eachtrial, we loggedMovementTime Releaseerrors
and Overshootcount. A Releaseerror occurredwhen a
participant releasedthe mouse button without having
reachedhe target. An Overshootoccurredwhenthetarget
passedthrough the cursor (i.e. horizontal black line)
without stopping. We recordedthis data to gather
information about the strategy used to reach the target.

Hypothesis 3: Users integrate the scrolling and the zoom
dimensions

As mentionedearlier,OZ allows usersto control the zoom
factor and panning direction independently. We
hypothesizethat userscan control thesetwo dimensionsn
an integral fashion[15]. Most interactionstyles separate
the zooming and panning controls (e.g. the Ohand@nd
Ozoom(@olsin AdobeOsoftware)or phaseg4], leadingto
sequentialmovementgepresentedy the light gray curve
of Figure5 in a space-scaldiagram[8]. SinceOrthoZoom
integratesthose controls into one mouseinteraction,we
expecta smoothercurvein the space-scaldiagram,closer
to thedarkgray one. To studythe movementsn the space-
scalediagram,we recordedthe mousepositionsin window
coordinates and document coordinates during each trial.

To summarize,this experiment had four dependent
variables:task completiontime, numberof Releaseerrors,
numberof Overshootand mousepositions. At the end of
the experiment,a short questionnairevas administeredo
collect subjects@references.We askedwhich of the two
techniques was preferred and why.

" To calibrate SDAZ, we used Cockburn®$ormula with
k=0.05 and threshold = 20 [6].



Figure 5. Space-scale diagram

RESULTS

Analysis of variancerevealsa significant main effect on
MovementTime for Technique(F; 11 = 393,094 p < .0001).
Figure 6 thereforesupportshypothesisl: OZ is abouttwice
as fast as SDAZ.

oz SDAZ

Figure 6. Mean Movement Time by Technique

As might be expectedrom FittsQaw, our resultsreveala
significant main effect on MovementTime for ID (Fs,44 =

62.657,p < .0001). However,the ID effect comesfrom
Distancebecauseherewas no significant main effect on
MovemenfTimefor Width (F2,22 = 1.004,p = 0.367). Thisis
probablydueto the negligible effect of W onthelD values
becauseve were constrainedo valuesof W fitting within

thewindow. Therewasalsoa significantinteractioneffect
of Technique*ID(Fs,44 = 6.291, p < .0001). Figure 7
(MovementTime vs. ID) supportshypothesis2: the OZ
curveis almosttwice asflat asthe SDAZ curverevealing
that OZ is a promisingtechniqueto achievevery difficult

pointing tasks, beyond 30 bits.

Figure 8 showsthe evolution of MovementTime over the
180 trials that subjectsperformedfor eachTechnique The
slopeof the OZ curveis smallerthanthe slopeof the SDAZ
curve,showingthatusersarefasterat understandinghe OZ
technique.

Analysis of variancerevealeda significant main effect on
ReleaseErrors for Technique(F1,11 = 317.918,p < .0001),
but not on Overshoottount for Technique(Figure 9).
Thesenumbersrevealthe strategyusedby subjectsin our

experimentratherthan actual errors for both techniques.

Subjectsusedmore Releaseper pointing task with SDAZ

than with OZ. NeitherTechniqu&lD or ID have a
significant effect for either measure.

Finally, neitherTechnique*IDinteractionnor 1D have a
significant effect on both measures
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Figure 7. Mean Movement Time vs. ID

MT (s)
60 W

50 4 oz
SDAZ

40 ~

30 1
20 4
10 4

0 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
order of appearance

Figure 8. Mean Movement Time vs. order of trial in block
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Figure 9. Mean number of errors per technique

Analyzing Multi-Scale Pointing

We built a Javaapplicationto visualize the space-scale
diagrams. Becauseplotting a meanof the curvesdoesnot
makemuchsensepur applicationplots themon demandby
entering the subject number, block number and trial
number. These plots give a good indication of the
integrality of the two dimensions.

We collected curves showing that users commonly
performeda zoom-outphase(vertical curve up) followed



by a panningphase(horizontalcurve) endedby a zoom-in
phase(vertical curve down). Thus,hypothesis3 regarding
integrality is rejected. The only differencewe noticedwas
that SDAZ curves often presentedsome spikesin the
middle of the horizontalphase. Space-scal@liagramsdo
not include time. Becauseof the zoom factor effect, a
panningphasethat take a long time may not be visible in

the space-scaldiagrambecausehe correspondingpanning
in documentspacemay be small. To takea closerlook at
our data,we drewtwo curvesalongthe time axis: a panning
curve and a zooming curve (Figure 10).

i)

S Pan

i

N Pan

Figure 10. IA typiéal éxamble of SDAZ (top) and OZ (bottom)
for the same trial. Pan (black) and Zoom (gray) vs. time (x-
axis).

Some SDAZ zoom curves presentspikes of two types:
releasingthe mousebutton (leadingto the maximal zoom
factor) and changingdirection. SDAZ zoom curvesreveal
every changeof direction while OZ zoom curves only
revealsomeof them. To changedirection, usersperform
one of the following actions:

e with SDAZ:

o usersreleaseéhe mousebutton,i.e. thezoomfactor
falls to its maximum;

o theyreturnto the initiating point to move away
from it in the otherdirection,i.e. the zoomfactor
increases to 1 then decreases.

e with Oz:

o userschangecursordirectionat the currentzoom
factor, i.e. the zoomfactor remainsthe same thus
no spike is visible in the curve;

o they decreasahe zoom factor to reachthe level
wherethe targetis in the viewport, i.e. the zoom
factor changes smoothly.

The shortsurveyendingthe experimentevealedhatall the

subjectspreferredOZ. Subjectsdid not alwayssucceedo

explain why. Among the few remarkswe collected,one
said Qitis enjoyableto control the zoom factor by myselfO
andanotherOitis amazing:l do not havethe impressionto

scroll the document with the OZ techniqueO.

BROWSING LARGE TEXT DOCUMENTS WITH

ORTHOZOOM SCROLLER

Using the OrthoZoom Scroller for scrolling a large
documentrequiresadaptationf the feedbacksincea one
pixel displacemenbf the thumb producesa large jump of

theview. For exampleadocumentontainingthe 37 plays
of Shakespearehas roughly 150,000 lines of text.

Assuminga comfortabletext pagedisplaying40 linesin a

window and a scrollbarheight of 1000 pixels, a one pixel

displacemenbf the thumb will jump almostfour pages.
Multi-scale scrolling techniquessometimesusea zooming
interfacewherethe documentQOscalefactor is synchronized
with the navigationscalefactor so that the OopticaflowOof

the document becomes acceptable when scrolling.

Zooming works well when the documentis itself multi-

scale, such as the image of the earth that remains
meaningfulat any scalefactor. However,scaling-downa

textual documentturnsit into narrow illegible lines. For

example,scrolling and navigating at the level of a play

requiresa scaleof approximately1/150, leaving too few

pixels to distinguish anything in the text.

To overcomethis problem,we haveimplementeda Multi-
ScaleTable Of Contents(MSTOC) displayedon the left of
the scaled-down text, as shown in Figure 11.

Eachsectionentry of the table of contentsis displayedat a
constantsize but is alignedvertically with the position it
hasin the text, guiding the userduring navigation. When
the scalefactor decreasesthe MSTOC shrinks vertically
and someentriesat one level eventuallycollide, asseenin
Figure11-b. Whenthis happensye scaledown the whole
level until it becomeaunreadableandis removedfrom the
view. This scaling-downleavesroom for higher-level
entries in the MSTOC that start to appear to the left.

The MSTOC also providessnappingwhenthe OrthoZoom
is active, the highest-levelentry alignedwith the vertical
position of the cursor is highlighted. Releasingthe
OrthoZoomwhenan entryis highlightedscrollsthe view to
the entryOxactposition. Snappingis importantbecause
overshootingby one pixel in the scrollbar can lead to
overshooting several pages in the document.

The MSTOC displays page numbersaligned with their
vertical positions. Thesepagenumberscan be extracted
from the documentwhen availableor computedfrom the
view size; they provide regular tick-marks which help
interpretthe displayedscaleandthe documentsize. When
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Figure 11. Multi-scale Navigation into the ShakespeareOs plays: the Table of Contents appears to the left of the text when it sce
down. On the right, only the structure remains visible.

the view-scalechangeswe changethe stepof the displayed
pagenumbers:every page,everytwo, five, ten pagesetc.
Pagenumbersare snappablewith a lower priority thanthe
MSTOC entries.

Quickly pressingandreleasingthe pointer on the scrollbar
triggersa quick animationshowingthe table of contentsof
the whole documentand zooming back to the original
position, providing a quick animatedfocus to contextto
focus journey.

Togethertheseinteractivenavigationfeaturesintegratethe
functions available in popular documentreaders. For
example, Adobe Acrobat Readerprovides at least five
differentwaysto navigatethrougha documenthat could be
replacedby OZ interaction: Ohand@ool, next/previous
button, pagethumbnailselection bookmarkselection page
numberentry as text field. Dependingon the x position
where OZ is used,the usercan scanthe documentat the
OhandoolOlevel, thumbnail level or bookmark/structure
level. Navigatingto a specifiedsectioncanbe doneusing
zooming and snapping when the section is visible.
Navigating at a specific page location can be done by
shappingthe pagenumber. All theseinteractionssmoothly
integratein one location: the main window, which is the
object of interest according to the rules of direct
manipulation [23].

DISCUSSION

The evaluationdid not take into accountthe problem of
motion blur and focusedonly on the interaction. The
reasonfor separatingthe interactiontask from the visual

perceptiontask is that the latter is very dependenbn the
natureof the displayedinformation (map, graphics,text,
etc.). The pointing taskis relevantfor situationswherethe
userknowsexactlywhereto go. In realisticsituations the
displayedinformation should provide indicationson the
relativelocationof thetarget. With the MSTOC, if the user
wantsto reachscene5 of Act 3 of Macbeth,he is awareof
his currentpositionand candecideto scroll up or down at
any zoom level.

CONCLUSION

We havepresentedhe OrthoZoomScroller,a techniquefor

scrolling and pointing in large 1D documentausingonly a

mouse. We haveshownthatDBwith IDs up to 30 bits BOZ

performedtwice as fast as SDAZ which is known as the

fastestmulti-scale navigationtechniqueusing a standard
input device. SDAZ andOZ follow FittsGaw but OZ curve
is almost twice flatter than SDAZ curve, so the time

difference between SDAZ and OZ increases with the ID.

With larger and larger online resourcesavailableon the
Web, techniquesscalingto this level havea greatpotential.
For example navigatingthe humangenomefrom the base-
pair scaleto the whole chromosomeepresentan ID of 32
bits. Navigatingthe whole Googlecorpusrequiresabout33
bits.

We presentedan application of OrthoZoomto navigate
large textual documentsand showedhow to integrateit

with semantic zooming and snapping. We believe
OrthoZoomcould be integratedwith currentWeb browsers



and e-Books readersto improve navigation without
requiring changes in layout or overall interaction.

Since OrthoZoom augmentsand replacesscrollbarsand
sliders,integratingit in future applicationswill ensurethe
scalability required by the continuous growth of
information.
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