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ABSTRACT

We present a novel technique for navigating lisfs o

everyday life containing phone contacts, TV chasneldio
programs, music albums, etc. on handheld devicels as
mobile phones, remote controls... Our techniqueesiegs
the selection of favorite items in moderate sizst$ lusing
absolute and relative finger positioning. It alfowas eyes-
free navigation among favorite items.
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INTRODUCTION

We present a novel technique for navigating litgems
(e.g., phone contacts, music albums, videos,
programs, TV channels) on handheld or multimediacgds
such as mobile phones, MP3 players, or remote a@gntr
Most of these everyday-life lists are moderatelygda

containing hundreds of items, and are strongly onde

utilized. We performed an informal study with 3lbgcts

and found an average of 150 items and 15 favofides
contact lists and 200 items and 20 favorites fdiledV

channel lists.

Certain navigation systems use hierarchical reptatens
to ease navigation. Had all the items of the l&t same
probability of being selected, the usual sort ddraichy,
based on logical inclusion, would seem optimal. osv,
given the strong preference biases of individuarsisan

alternative logic based on selection frequency seem

sensible.

We present a bifocal navigation technique that rmake

favorite items easy to select. A notable charastieris that
it combines absolute/relative positioning and kxtrs select
items by performing a circular gesture. Anothergiol
characteristic of our technique consists of thevde/, in
parallel to vision, of redundant tactile scrollimjormation.
This feature allows eyes-free navigation amongfaerite
items.
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Figure 1: a,b) Absolute angular positioning (madew), c,d)
Relative angular positioning (micro view), e,f) Biapatterns
associated with favorites.

RELATED WORK

Lists as large information spaces has been handied)
zoom-based multi-scale navigation techniques [3jr F
example, OrthoZoom [1] makes it possible, withirmso
15s, to reach any single line among 150,000 linesained
in Shakespeare’s full works. However our study siedth

a different problem: everyday-life lists that arederately
large, where people want to access favorite ororegf
interest in a simple and systematic way (and pbssies-
free).

In SpiraList [4] interaction technique, the authrosed
focus+context visualization strategy. Users capldisand
access large number of items in a list on a haddthelice.
SpiraList provides thumb interaction in order tcowse
through the list and to select an item from itiritation of
SpiralList is not to display the categories aroumel spiral
(i.e. no support for hierarchical list structure).

Tactile feedback was investigated in the Bullseiyeutar
menu [2], divided into rings and sectors that etadtile
pulses when the cursor moves over them. Selectiarbe



performed non-visually by counting the number aftita
pulses. This system was not related to lists amndrites.
Besides, it can only work by using the tactile niiga
while our technique supports both, the tactile arslial
modality separately or a combination of them.

Braille cells are normally intended for visually paired
people as they provide symbolic signals that apg@piate

for reading. Few devices with similar actuatorséhéeen
proposed for sighted people. As an example Ubi{Hgn
describes Braille numbers (0 to 9) as tactile pasteThe
purpose of this device is to provide complementary
information for handhelds, as their small size timihe
amount of data that can be displayed on the screen.

A 4x4 Braille cell can be found on the VTPlayer reeu
which has been used to define and evaluate a smiabf
distinguishable patterns [9]. The set of tactildtqgras we
used in our experiment was partly inspired frons ttudy
by considering six patterns that have already lested as
found suitable as static patterns.

Finally, Luk et al. [8] showed that a user couldlfa haptic
icon while browsing items (eyes-free) on a lisippthged on
a handheld device (each item owns a specific icdalious
wave forms, directions and durations of haptic &£bave
been used to distinguish items. In contrast, tieestactile
pattern can be shared by several (distant) itemsuin
system in order to minimize recognition time anaes.

PRINCIPLES AND DESIGN

Bifocal list navigation

Our techniqgue makes it possible to select an itama i
bifocal representation by tracing a single arc.@acing a
finger on a dial (Fig. 1a), the user selects anolaibes

angular position in a macro view (Fig. 1b). Thisiion is

then adjusted relatively in the corresponding mideav by

dragging the finger.

The initial macro view shows a global view of tl& bs a
radial array on which only favorite items are visib
(Fig. 1b). A region of interest in the list can $&lected by
placing a finger at the corresponding radial positbn the
dial. The macro view is then replaced by a micew(Fig.
1d) and the list appears vertically in all its dletadhe
desired item can now be reached by moving the finge
along an arc (Fig. 1c) using an iPod-like deviceegdr
motion could be used on other devices). Multiple ar
gestures can be performed if needed, as item mrldstnot
validated until a finger press occurs at the ceotéhe dial.

Selecting favorite items

As mentioned, only favorite items are fully visible the
initial macro view. Two kinds of favorites are aehie:
Primary favorites (PF) and Secondary favorites (SH¥e
selection of PF simply requires absolute angular
positioning. These items act atiractors. they are selected
even if users do not press their finger exactlthatproper
location on the dial. No adjustment phase is reglin this
case, just selection confirmation at the centethef dial.

Secondary favorites and other items are reached
scrolling the list in relative angular mode. Usé/e to
simply put a fingertip on the dial and trace amg, that
single gesture allowing them to exert genuine tomles
control over list scrolling (scalel: absolute maéwo the
initial contact, scale 2: relative micro for the vad.

The fact that PF are the only items that can behegh in
absolute mode is consistent with the idea thatuieatly
used items should be especially easy to select.eMemy
their number is necessarily limited as their séeconly
relies on absolute angular positioning. Studiesciooular
menus [6] also based on angular positions, sudbattl2
items should be distinguishable. Two PF could bey ve
close to each other because the number of itemgebat
them is not necessarily equal. To maintain a hatell of
precision, the angular sectors need: (1) to beslampugh
and (2) to not overlap with other PF sectors. @lution is
to distort the visual representation of the listtilsat all PF
are evenly distributed on the macro view (Fig. 2).
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Figure 2. Left: six primary favorites and two sedary favorites,
Right: primary favorites redistributed uniformlytexf the
introduction of a new close primary favorite (91.1)

Secondary favorites (SF) are not directly accessibl
absolute mode but are visible on the macro viewidwh
makes them easier to find than non-favorite items,
described below). Hence, their total number is not
constrained by input precision but by availableesor
space. Typically, 24cons or 16 text labels can be displayed
simultaneouslyvithout overlapping. A possible limitation is
when SF are not uniformly distributed. Placing mitran 4

or 5 SF between 2 PF seems difficult and this @moblvill

be addressed in future work.

Selecting non-favorite items

Contrary to favorite items, non-favorite items (Nd&g not
visible in the initial macro view. They must be ful
relatively to something else. First, users searuh select
the closest primary favorite item (according toheit
alphabetical order, radial frequency, social protimetc.
depending upon the application). Then users sanothe
micro view to reach the desired NF, again by penfog
arc gestures. Hence, NF items that are close twifag can
be selected quite rapidly.

Eyes-free selection and tactile landmarks

Since, as argued above, recourse to favorite larkdma
facilitatesnavigation, we hypothesized that users should be
able, after some practice, to navigate to theioffide targets



without having to look at the visual display. As farking likely to be selected than others (i.e., they dtutst
menus [6], primary favorites should be selectablepen favorite), and so a hierarchy based on frequencyisef
loop as they only rely on a simple angular speaiftn. But rather than logical inclusion seems worthy of cdesation.
since secondary favorites may lie in the same regisome
kind of feedback is necessary to distinguish theeedback
is also required for reachimgheritems tolet the user count
the number of positions that separates them frosorifes.
An audio cue, by using different tones, is an aliive but
we wished to explore the potential taftile feedback, a
modality that has been rarely used for such purpose

Our technique (c) reduces the input informationdldey

allowing users to select their favorites directly6pits in

this example). If the user’s target is a non-faeitem, by
definition a relatively rare event, that item vk reachable
subsequently through list scrolling at the micreele If, as

we conjecture, a familiar list is represented bgrasas a
linear array with favorites viewed as landmarkgnttany
Among the interesting specific features of the iact secondary, non-favorite item is likely to be merned

channel are its privacy (the information is avd#alo relative to these landmarks, e.g., as ‘the oneghstve X’

users, not their neighbors) and the fact that rémepf the or ‘two spots below Y.

message is under full control of users (free t@elar to A 8 <

not place their finger on the tactile cell). Besidéactile = 0 =
feedback leaves the audio channel free, so that uwsm O |:|< O o

listen to music, other people, etc. without hearpogsibly | L] |
disturbing sounds. 2 )< 2 C.D

For the purpose of our study, we provided userk witix4 A P A5

tactile stimulation device (two contiguous Braille cells, N A B AN
www.metec-ag.de). The Braille cell is placed onslue of ¥ N PN A

the mobile device (Fig. 1a) in order to be accessethe ‘(% w A o B

most sensitive index finger [3\Ve empirically created a set Figure 4: a) List, b) A hierarchical structure bétlist with
of 11 different tactile patterns (Fig. 3). This sebs categories, ¢) Shown with a yellow highlighted tgrckind are
designed to maximize the contrast between tactiteems. arbitrary subsets of favorite items (landmarks).

According to preliminary study, this size seems hie EXPERIMENT

realistic for inexperienced users. This pattern @els  The goal of this experiment was to evaluate théitalif
mapped to 6 PF and 5 SF. As a perspective, simplerysers to select items and especially favorite itémson-
purpose-specific device than Braille cells couldused as  yjsual mode. For this purpose, we used a contstcdfi100

patterns only involve 5 different pin groups. names (celebriies) with 11 PF and 4 SF (chosen
arbitrarily). Nine different tactile patterns weused: (4 for
o| @O, secc|locee||esse]||coco||esse]||lesee PF, 4 for SF, and 1 for NF).
:E“ M | e | R | Rl | Rt | R As it was impossible to integrate a Braille cellan iPod
| eeoe :fgg ggf: gggg :ff: :ff: :::: and test it, we used: 1) an IPAQ PDA with a fliprepto
o000 simulate a Touch wheel, 2) a laptop screen to aysfie

visual feedback, and 3) two contiguous Braille cdtr
tactile feedback (Fig. 5). As our Braille devicerédatively
large (compared to some more miniaturized models [9
tactile feedback occurred on the non-dominant h@he
dominant hand was controlling the Touch wheel).
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Figure 3. Tactile patterns: five elementary paeand six
possible combinations.

As we wished to use more favorites than the 11 abov
defined tactile patterns, we allowed tactile signes to be
shared bydistant favorites on the dial. One reason why
tactile feedback can be used for just disambigoat® . . |
because eyes-free selection relies on the atilitgemorize ' '
angular positions, a sort of spatial memory knownbé | ¥
particularly effective [6]. A unique impulsion peth was 13 i e
emitted when a user moves on a non-favorite item. s

A LOWER INPUT INFORMATION LOAD

Figure 4(a) illustrates the simplified example oBdtem
list. Using a two-level hierarchy based on the utagic of
transitive inclusion (b), two consecutive choicesuld be Figure 5: The experimental system

required for any item to be selected. For exangB®Cting  The nteraction technique, tactile feedback andt tes
the dark-gray triangle would require selecting thangle procedures were explained to subjects (5mn) ang gbe
class first (log3=1.6bits), and then the dark-gray individual 5 for training before the actual experiment. Thesre
(log,4=2bits), with total input information of 3.6bits real instructed that the goal was to accurately selenagimum

life lists, however, some individual items are muobre number of items without visual feedback which, fadilt,
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was not displayed but subjects could make it appeany
time by pressing any key on the keyboard. Eacthef&
stimuli used (4PF, 2SF and 2NF) appears one tingadah
block according to a Latin square design. The sumyroga
the design is: 7 subjects x 16 blocks x 8 trial€=89
selections. Our hypotheses were that users waltbke to
learn and recognize the tactile patterns and tlelecting
favorites non-visually after sufficient trainingntg.

RESULTS AND DISCUSSION

Repeated measures analysis of variance showed
significant effect for Block Number (F15,90=17.2,
p<0.0001) on CTS (the number of Correct Tactilee&#n
by total number of selections). This effect, visibin Fig. 6,
has a double reason: subjects progressively use often
tactile selection and make fewer errors. The figerals to
be constant after block 11 (approximately 40mn of
experiment). For the last 6 blocks, the proportibnactile
usage is 94% for favorites (74% for other itemsj &me
accuracy when tactile is used is 88% for favor{&gb for
other items). We also noticed that, for all itenpey, at
least one participant was able to realize correctile
selection during the last 6 blocks. Finally, the ame
selection time for these blocks was respectivebg 812.2s,
and 16.2s for PF, SF and NF. These results confouns
hypotheses that sufficient training should make<able to
learn a small set of tactile patterns and thusctéeorites
eyes-free by using our technique.

Users enjoyed this experiment and said they wali tb
use tactile feedback on their mobile devices (despf

favorite items are likely to be memorized relatweb
favorites. Favorites will then act as “landmarksdr f
reaching easily other elements (e.g. channels dose
favorite TV channels). Favorites can also be used a
representatives of a category or a group of reldtds
(e.g. friends of my brother in a contact list; Mil®avis
albums around “Kind of blues”). Favorites would riheelp
accessing information according to the user petsona
organization of data. Besides, as with common faldiésts
could then be ordered according to different dater
Etpersonal, alphabetical, time...).

Another original characteristic of our techniquethst it
allows eyes-free navigation among favorite item&isT
feature can also be quite useful for reaching ateers. By
using a multimodal interaction strategy, users fiah the
proper region of the list quickly and without loogi at the
device thanks to tactile feedback, then use theaVis
modality to adjust the final position. We wishedeixplore
the potential of tactile feedback, a modality thas been
rarely used for such purpose. However, our tectenapuld
either work with audio feedback or a combinatioraatlio
and simple tactile cues, such as vibrations. We piaw to
expand this design for the navigation in longeadst with
a larger number of favorites by adding support for
hierarchical organization.
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