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ABSTRACT

The lodestones and leylines interadion technique simplifies
navigation in eledronic spaces by coordinating physicd
and conceptual movement(] gently constraining motion to
follow automaticdly computed paths to predicted destina
tions. Thisapproach simplifies physicd movement, ensures
that movement leads to interesting locations and supparts
navigation to locations not visible from the airrent location.
It is illustrated in a spatial multiscde environment where
pil ot data show reli able performanceimprovements.

KEYWORD
Navigation, Locomotion, Steeing, Movement, Multiscde,
Zooming User Interface Jazz Lodestone, Leyline.

INTRODUCTION

A variety of techniques have been propased for coordinat-
ing physicd with conceptual movement in order to simplify
navigation in eledronic spaces. Approaches based on pre-
dicting likely degtinations, e.g., using query relevance met-
rics [2] or history lists [8], ensure that movement leads to
locations of interest. Approaches based on constraining
movement, e.g., limiting movement to certain regions[3, 4],
simplify physicd movement. Approaches based on auto-
maticaly computing paths of movement [5, 7] ensure that
movement leads to locations of interest and simplify physi-
cd movement, but are limited to visible locations.

The lodestones and leylines technique introduced here
combines these three gproachesl] destination prediction,
constrained movement and automaticdly computed
paths] in order to acemmplish all three goalsl] simplify
physicd movement, ensure that movement leals to interest-
ing locations and suppart navigation to locations not visible
from the arrent location.

The technique limits conceptual movement to locaions]
cdled lodestones (since they “attrad” navigational atten-
tion)d that are relevant to the user’stask or are necessary to
navigation. Motion is constrained to foll ow leylines (named
for lines of power in Celtic mythology)d paths that lead
from the aurrent location to a lodestone. Actua lodestones
and leylines may be cmputed dynamicdly, but the de-
signer determines what should qualify as a lodestone and
how leylines sould be computed. Lodestones typicdly

correspond to conceptual elements of the user’s task, e.g.,
files in a file navigation system or words in a document-
editing task. Leylines are often dired paths, but could take
obstades (e.g., in a 3D environment) or other diversions
into acoount. Physicd movement is mapped onto the web of
lodestones and leylines using a predictive utility (also de-
fined by the designer) that uses user input to predict which
lodestone is the intended target and seled (or compute) the
appropriate leyline to foll ow.

LODESTONES AND LEYLINES IN JAZZ

The lodestones and leylines technique has been applied to
inter-objed navigation in spatial multiscae worlds. Jazz[1,
6] is an applicaion framework for designing and huilding
multiscde dedronic worlds. It uses an interaction metaphor
of a mnceptualy infinite two-dimensional surfacethat can
be viewed at an infinite range of magnifications. Objeds
have position and extent on the surface and can appea
differently, even becoming invisible, depending on the
magnification (scae) of the view. Traditionally, movement
is by panning (moving the view aaoss the surface and
zooming (changing the scde of the view).

The prototype design asuumes that the user’s task is to
move from one objed to another, positioning ead so that a
reasonable anount of detail can be seen. Thus, lodestones
are, with one exception, views of individual objeds and
leylines are dired paths through space ad scde. Prediction
of target destinations is based on geometric distance poten-
tial targets and the mouse.

In order to initiate movement, the user indicates the desired
diredion of zoom (in or out) by pressng the gpropriate
mouse-button (Figure 1:1). If zooming in, the system uses
the mouse location to seled the neaest lodestone (regard-
lessof whether it isvisible) as the predicted destination and
computes and begins to zoom along the leyline that will
center this lodestone in the view (Figure 1:1-3). Moving the
mouse to be doser to a different lodestone during zoom-in
changes the target prediction (Figure 1:2', 2). The system
immediately deteds the new destination and computes the
new leyline to be followed. This allows easy error correc-
tion and scanning of potential destinations. If no lodestone
can bereaded by zoomingin, zoom-in is not permitted.

If zooming out, the destination is assumed to be aspedal
lodestone, the Top of the World view (Figure 1:1). Thisis
the most magnified view that contains all |odestones in the
world. Zoom-out is not permitted past this point, since dl
lodestones are drealy within read of the mouse. Stopping
zoom-in and zoom-out when no more lodestones can be
readed prevents users from getting lost in empty space(a
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Figure 1 Zoom-in, views 1-3: The user Zoom-out, views 3-1: Clicking to
con oo clicks in the vicinity of the object to zoom out anywhere in views 2, 3 or
= which they want to go (view 1). The 2’ zooms toward view 1 (the Top of
system selects the nearest lodestone the World view), where zoom-out
o o o and displays a preview of it while stops. Mouse location is not consid-
oo i zooming toward it (views 2-3). ered during zoom-out.
Changing target, views 2’, 2: If the
zoom-in destination prediction is incor-
rect (view 2'), the user corrects it by
= o = moving the mouse (view 2) without
== a stopping the zoom. Once the predic-
» tion is correct, the user need not move

significant danger in spatial multiscde ewironments). The
Top d the World lodestone provides users a sure means of
recovery from disorientation in occupied space

In a simple omparison, lodestones and leylines
(“Leylines”) was reliably faster than traditional (“Pad++")
movement (p < .05, Figure 2). Subjeds appeaed to require
much less*stop and go” movement, and a mgjority sponta-
neously reported feding lesslost and more aonfident.

SUMMARY

The lodestones and leylines technique combines destination
prediction, constrained movement and automaticaly com-
puted paths to suppart navigation in electronic spaces. The
example design presented employs smple definitions of
lodestones and leylines, and a simple utility for target pre-
diction. However, the technique can realily acomommodate
more omplex definitions, e.g., alowing colledions of ob-
jeds to be lodestones, requiring leylines to move through
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Figure 2 Average speed of movement for two movement
techniques, paired by subject. t = 3.02 (p < .05).

the mouse again.

nested groups and basing prediction on a relevance fador
such as recancy of use or semantic salience A significant
benefit of predictive targeted movement is to provide safe
adions for usersto takeif they become lost or disoriented.
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