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ABSTRACT

Moving objects past arms’ reach is a common adtidooth real-
world and digital tabletops. In the real world, tim®st common
way to accomplish this task is by throwing or siglithe object
across the table. Sliding is natural, easy to dd, fast: however,
in digital tabletops, few existing techniques famg-distance
movement bear any resemblance to these real-warttbns. We
have designed and evaluated two tabletop interad¢dohniques
that closely mimic the action of sliding an objactoss the table.
Flick is an open-loop technique that is extremely fasiperflick
is based on Flick, but adds a correction step faréwe accuracy
for small targets. We carried out two user stuthesompare these
techniques to a fast and accurate proxy-based itpehrthe radar
view. In the first study, we found that Flick igsificantly faster
than the radar for large targets, but is inaccui@eamall targets.
In the second study, we found no differences betweperflick
and radar for either time or accuracy. Given tmapticity and
learnability of flicking, our results suggest thhrowing-based
techniques have promise for improving the usabitfydigital
tables.

CR Categories: H5.2 [Information interfaces and presentation]:

User Interfaces. - Graphical user interfaces.

Keywords: Tabletop workspaces, tabletop interaction tealsqg
gesture, pen input, radar views.

1 INTRODUCTION

Moving objects across a large work surface is amomaction in
both real-world and digital tabletops. In thesek$apeople must
select and transfer an object to a location thdteigond arms’
reach. Real-world examples of this type of actiocluide dealing
cards, pushing books across a desk, or slidingstaofoss the
table to another person.

Several techniques have been proposed and studied f

improving the efficiency of these long-distance mments. Most
of the techniques are based on one of three plewigursor
extensions, such as pantograph-style techniques Riksh-and-
Throw [7]; long-distance pointing techniques, sucas
TractorBeam [10]; and proxy techniques that bringptaht
locations closer to the user, such as Drag-and{RPppr radar
views [9].

Even though these techniques are effective, thégnoadd
complexity to the tabletop interaction with invacat gestures
and mode switches. Furthermore, none of the teaksigesemble
actions on real world tabletops; and in particutesne of them
mimic the way that most people would choose to mubjects —
by sliding them across the table. Even though stenbniques
use ‘throw’ in their names (e.g., Push-and-Throy, fhey do not

involve the basic idea of imparting a velocity aticection to an

object in a single quick motion. In a walk-up-anseutabletop

system, we believe that these techniques are pmalbie in that
they require training and may be difficult for iaffuent users to
remember. In contrast, real throwing-based teclascare easily
learned and remembered, use the same basic mdtorixth

local and distant movement (since throwing is arsextension of
local placing), and allow other hand-based intévast (such as
rotation) to be carried out at the same time asrtbeement.

Throwing offers another potential benefit — it sskbd on open-
loop rather than closed-loop interaction. Closempldechniques
like Pantograph require that the user continuowsljust their
control movements based on visual feedback abaubhject's
location. Real-world throwing and sliding, in cat, is open-
loop: once the object leaves the person’s hande ttseno more
control that can be exerted on the object. Opep-liehniques
present a tradeoff: they are fast, since the thraae turn their
attention elsewhere as soon as the object leawds Hhnd, but
they require practice in order to achieve accuracy.

In this paper, we design and evaluate sliding teghtes for
digital tabletops. We were interested in preservingee main
principles from real-world throwing:

Natural. The idea of sliding objects across a table iy ¢as
understand and requires no instruction;

e Lightweight Sliding requires little effort and is a natural
extension of normal drag-and-drop actions;

e Fast The open-loop nature of sliding means that the
technique is extremely efficient, since the actforishes
with the initial movement.

Our techniques are called Flick and SuperflickclEluses a
simple stroke on the table surface to slide anapjaimicking
the action used to send physical objects acroabla.tThe main
benefits of Flick are that it is extremely lightgbt and extremely
fast; its disadvantage is that it is inaccurate dorall targets.
Superflick is designed to improve Flick's accura8uperflick
adds an optional correction phase to Flick — ifitial flick is
off-target, the user can immediately put their ppack down on
the table and do a ‘remote drag-and-drop’ to pthesobject on
the target. Since the correction step is only negliin cases
where the initial flick is off-target, users carduee their use of
the correction as they become more experienced.

We carried out two studies to compare Flick and eBilipk
with the radar view, a fast and accurate proxy negple [8]. Our
results show that for large targets, such as thassd when
passing objects to other people around the talligk 5 a clear
winner: it is accurate enough, and far faster tttenradar. For
smaller targets, Superflick and Radar are simildbath time and
accuracy. Our results suggest that throwing-basedraction
techniques — which are already lightweight and eéaggmember
— are also efficient enough to be used in digihldtops.

2 RELATED WORK

The idea of integrating desktop computing with ptsis desks
and with the documents commonly found in a workstahas



been studied for some time. Wellner’s [18] earlyrkvattempted
to bring physical and digital elements of an offidesk closer
together through the use of computer vision andjepted
displays. Other research systems in tabletop cmitdlon have
revealed the potential for effective work and dotleation
[4,14,15,16]. Here we review previously-proposedthods for
moving and placing artifacts on digital tableto3ur review
focuses on techniques that use direct pointing \&ithtylus or
finger, rather than relative pointing with a traalital mouse (e.g.,
[1]).

Direct Action Direct techniques require contact at the initial
and final point of interaction. One of the originakchniques is
Rekimoto’'s Pick-and-Drop [11] which is an extensioh the
traditional Drag-and-Drop common in desktop computiln this
implementation, a document can be ‘picked up,’apping it with
a pen, and ‘dropped’ at another location by tapgimg screen
once again. These approaches work well, but beabffieult on
large display surfaces where targets are out achrea

Cursor ExtensionOther interaction techniques used for large
displays are the Drag-and-Throw and Push-and-Thi@wv
Pantograph) methods [7]. The Drag-and-Throw uss$ngshot
metaphor where the pen is moved backwards ovembgttoand
then released, whereas in the Pantograph techritueen is
moved in the direction of the intended target theleased. The
distance the object will travel is linearly detened with Push-
and-Throw, while the distance is best fit in Draglal hrow. Both
of these interactions attempt to extend the infheeof the user by
amplifying their current reach.

Long-Distance Pointing Parker et al. [10] propose the
TractorBeam approach for tabletop interaction. ThectorBeam
allows for remote pointing at distant objects otalletop, while
also supporting touch interaction for objects ctosethe user.
The initial study found that touching was fastearttpointing for
small distant targets. Hyperdrag [12] attempts teate a
workspace where digital items can be moved freedywben
displays. With the Hyperdrag technique, a user lige ato
manipulate documents on any display using their saotrhe
Missile Mouse proposed by Robertson et al. [13¢rafits to
facilitate more rapid pointing with a cursor onagde display.
The Missile Mouse technique allows a user to lauacbursor
across the screen using a mouse gesture, andh&oputsor by
gesturing a second time. A ‘wire-guided-missilppeoach is also
presented, which allows a user to control the péth launched
cursor with mouse movements.

Proxy TechniguesSeveral techniques work by bringing proxies
of potential targets into arms’ reach. Drag-and-Badpgs targets
that are in the direction of travel closer to tlesifion of the pen
[2]. Studies show considerable improvements forgeaad-Pop
(and a related technique, Drag-and-Pick) when tageén large-
display scenarios. The Vacuum [3] is another simiéehnique
that allows users to specify exactly which distabjects should
be brought closer.

Radar techniquesAlthough technically a proxy technique,
radar views differ from techniques like Drag-andsHn that all
objects in the workspace are brought closer udiegidea of a
workspace miniature. Interaction using radar viewas proposed
by Swaminathan and Sato [19], in which the ‘dolis®metaphor’
is a miniature representation of the larger dispRgcently, Biehl
et al. [3] developed ARIS, which provides a mapaofulti-
display environment. Radar views have been shovire tefficient
for long-distance movement [9]. One issue with tRadar,
however, is that a mode switch is normally requiedctivate the
miniature. This switch can add to the completiometi and
requires the user to understand the transitioraftaRmode [14].

Throwing Few techniques actually make use of real world
throwing motions, although some do use the ideth@wing as

the basis for the interaction. For example, f&is throw

technique [6] requires the user to make a shodkstrover a
document, in the direction opposite of the intendegdget,

followed by a long stroke in the direction of tlaeget. The longer
the short stroke is, the further the document trélvel. Similarly,

Wu et al. [21] describe a ‘flick and catch’ techuéq in which an
object is ‘thrown’ once it is dragged at a certapeed (thus it
does not use a velocity input model). Finally, $cutal. [15]

extend a rotation and translation technique touthela flicking

action for passing and moving items on a tabletapyever the
technique is not studied in detail.

3 DESIGNING BAsIC FLICK

In the real world, flicking and sliding actions @ew on several
variables, including the weight of the object, ttoece that is
applied to move the object, the direction of thecép and the
friction of both the object and the surface. Thieetors determine
an initial direction and velocity, and the final sition of the
object can easily be calculated using a physicsetnod

Figure 1. Stages of a flick

We experimented with several models that had vgrgiegrees
of fidelity to real-world physics. We found that\tas easy to
come up with a model that seemed close to peoplgisctations,
but difficult to find a model that allowed peopketie as accurate
as they could when sliding real objects. The maiblem was
that timestamps on input events are not exactoadth the time is
high-resolution (we were able to record 50 sampé&rssecond), it
did not correspond exactly to the moment that tae@e was
received. Therefore the recorded data was noiskinmaccurate
velocity calculations difficult (Figure 2). We test Gaussian
filtering and frequency filtering with Fourier trsform, but the
most consistent results were found with a firstrdeglLeast
Square Method regression. We use the last ten samiol
calculate both velocity and direction.
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Figure 2. Gesture velocity at different sample numbers



4 PiLOT sTuDY: FLICK VS. RADAR

We carried out a pilot study to compare Flick wiadar.
Although the study involved only a small numbemafticipants,
the results showed clear differences between thddwahniques.

4.1 Pilot Appar atus and Participants

A custom system was built in C++ for the experimemtd was
installed in a top-projected tabletop system (Féglly. The table
was 125x89 cm, and the projector had a resolutfob084x768
pixels. Participants used a Wacom tablet (21x15 asnthe input
device (note however that the techniques can woitk any
direct-input device).

Figure 3. Experimental setup.

Four participants (3 male and 1 female) were réedufrom a
local university. Participants ranged in age frofhtd 21 years
and averaged 20.5 years. All were familiar with s®and-
windows applications (i.e., more than 8 hours peeeky;
however, none had previous experience with a digitdetop.

4.2 Pilot: Design and Experimental Conditions

The study used a 2x4 repeated-measures factorg@grdeThe
factors were technique (Flick or Radar) and tagjeé (small,
medium, large, or infinite).

Radar The radar view is a proxy technique that displays
working miniature of the entire workspace. In our
implementation, the radar view appeared as sotimegsarticipant
touched the digital object, and the full-size objeas replaced by
its miniature equivalent (see Figure 4). The pgdot then
dragged the pen to the target (in the radar viewl)ldted the pen
to complete the trial (see video figure at httgidsask.ca).

Flick. We implemented the pure open-loop flick technigse
described above. Participants put the pen downhendigital
object, dragged the pen towards the target, aedset the pen to
throw the object. Once this initial gesture was ptate, there
were no further control actions possible.

There were four target sizes: small (17cm / 14@Igjpx medium
(24cm / 200 pixels), large (30cm / 240 pixels), amiihite (the
target was 30cm / 240 pixels wide, and touchedetige of the
table, meaning that it was infinitely deep; seeufég5). Infinite
targets were included to test the real-world situabf giving
objects to another person seated around the taideewmoving
objects stop at the table boundary. There were thisze target
locations, as shown in Figures 5 and 6: left, sop right.

Participants were asked to carry out a series gecbb
movement trials using first the Radar, and theok=IParticipants
completed 50 training trials in each interface,ntt0 testing
trials.

EEX

EHCI B66

Figure 4. Radar interface, as displayed immediately after touching
the digital object.

Figure 5. Infinite targets; yellow target (left) is the current target.
Object to be flicked is in blue at bottom.
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Figure 6. Small (left), medium (top), and small (right) targets (all
sizes appeared equally in all locations).

4.3 Pilot: Results

Completion time The overall completion time across both
conditions was less than half a second (mean 394hs166ms).
Even with only four participants, there were maffees of both
technique (Es=53.42, p<0.001), and target size;F31.30,



p<0.001). As shown in Figure 7, completion time fdick is
approximately half the best time for Radar, andjdartargets
result in faster times than smaller targets.

However, there was also a significant interactiostwieen

technique and target size;(l5=18.34, p<0.001). As can be seen in

Figure 7, completion time for Flick is almost staticross all
target sizes, in keeping with the open-loop natdithe technique.
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Figure 7. Mean completion time (pilot).

Accuracy Accuracy was recorded as a simple ‘hit’ or ‘misg’
each target. Overall mean accuracy was 88% (s%),18ut there
were again large differences between the conditibhsre were
significant main effects of both technique, §£53.42, p<0.001)

and target size §=33.02, p<0.001); and there was a significant

interaction between the two factors (F27.45, p<0.001). In this
case, however, it is the radar that is invariamose target sizes,
whereas accuracy with Flick ranges from about 5@%smmall
targets, to 95% for infinite targets (see Figure 8)
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Figure 8. Mean accuracy for all target sizes (pilot).

44 Discussion of pilot study results

The pilot study showed an extremely clear time-eacy tradeoff
between the two techniques: Flick is always fast, &ccuracy
drops with decreasing target size; Radar is alvemyrate, but
completion time increases with decreasing target si
The design implications of the pilot are also clddick is an

excellent technique for targets that touch the eafgthe table,
such as in the case of passing an object to anp#rson around
the table. These types of targets completely oveecthe distance
inaccuracy of Flick; and in these situations, teehhique clearly
has a place in the designer’s toolbox.

However, if targets are small and accuracy is ingr then
the Radar view is far superior. Because of thifedéhce for small
targets, we decided to redesign Flick to try angbrowe the
technique’s accuracy.

5 THE DESIGN OF SUPERFLICK

Superflick adds an optional closed-loop controlpste basic
Flick. We wanted to keep the speed and simplicityregular
Flick, but allow corrections when the original nwosti was
inaccurate. We therefore enabled ‘remote drag-aog-cbn the
thrown object: if the user puts their pen back dawnthe table
while the object is still moving, they can adjuse ffinal position
by dragging (see Figure 9). It is important to ntitat the user
doesnot have to wait until the throw is finished: the syst
knows the final position of the object as soont s thrown (since
the motion is deterministic), and displays the [fipasition as
soon as the flick gesture occurs (see video figaiteci.usask.ca).
The ‘remote drag-and-drop’ acts on this final posit not the
moving object; this means that the user can cottextposition
immediately after releasing the object, and that/tdo not have
to guide the object as it moves (as in the ‘wirgdgd-missile’
approach).

Superflick’'s correction step is optional. If theeushits the
target with the initial Flick, no further actiongeanecessary.
When they miss the target (and they can see thé®@s as they
release the object), they can immediately maniputae final
position using the correction step. In order toowll larger
corrections, we use a 1:4 control-to-display ratidhe correction
step. The addition of the correction step givessusé Superflick
the ability to achieve 100% accuracy.
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Figure 9. Stages of Superflick technique

6 COMPARISON STUDY: RADAR, FLICK, AND SUPERFLICK

We carried out an experiment that compared Fliak @uperflick
with a radar view for a variety of placement tagkgain, our goal
was to determine whether flick-based techniqueddcapproach
the efficiency of existing approaches like the radiicking has
advantages in simplicity and ease of learning, wadwanted to
see whether those advantages came at an efficosty

6.1 Apparatus and Participants

The apparatus used in the comparison study wasatime as that
used in the initial pilot study. Twelve participani® men and 6
women) were recruited from a local university. Ragrants
ranged in age from 19 to 26 years (mean 22.1)waHe familiar
with mouse-based applications (>8 hours/week).



6.2 Design and Experimental Conditions

The study used a within-participants 3x1 factodakign. The
single factor was the interface type: Radar, FlimkSuperflick.
Although the pilot showed that Flick has accuracgbfems, we
included it to have a baseline for comparing thefgpmance of
Superflick.

Radar. The radar view functioned as described above fdrut
this study an invocation gesture was added. Thjsired the user
to make pen contact outside of the digital obgaat then drag the
pen tip inside the object in order to activate thear. We added
this mode switch after realizing that it would epiossible for
radar users to differentiate between long-distaactons and
local drag-and-drop actions (see below for furttiscussion of
this decision).

Flick. The flick technique was identical to the methagdiin
the pilot study. Note that for both Flick and Sudfek, no
invocation gesture is required because both ofetlieshniques
are simply extensions of an existing local-movem&chnique
(Drag-and-Drop).

Superflick The Superflick technique was also implemented as
described above. Participants begin with a flicktgee; as soon
as the gesture is complete, the object’s finaltlooais displayed,
and the participant can put the pen back down entdble to
move the object (at a 1:4 C:D ratio).

In the comparison study we used only one target €7z cm /
140 pixels), and we used a different target arrenege: than in the
pilot. In this study, a set of circles was displhy® random
locations (see Figure 10), and the next target whssen
randomly from among these. Trials were timed  slight
differently due to differences between the techegjuSince the
radar is a closed-loop technique, timing of thalténded when
the pen was released at the end of the object mavenThe
open-loop nature of the flick techniques requirétedent timing.
Since Flick is completed at the end of the fliclstgee, we used
this for the trial’'s end time. This is reasonalsliece the user can
turn their attention to other objects as soon &y tlelease the
object (and also since we show the final positiérthe object
immediately upon release). Superflick was timed ilaiy to
Flick in the cases where no correction step waseraken; in
cases where a correction was made, the trial wasdtiuntil the
end of the correction.

EHoI 866
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Figure 10. Radar interface, as displayed immediately
after dragging the pen into the digital object.

6.3 Procedure

Participants were first introduced to the threeeiattion
techniques. Participants then carried out fiftelchs of ten trials

with each technique (five training blocks, and test blocks). At
the end of the study, they completed an overafepeace survey.
The study system collected time and error dataliotrials; in
addition, questionnaire data was recorded aftetrthks. With 12
participants, each carrying out 150 trials with reaaf the 3
interfaces, the system collected data from a @ft&400 trials.

6.4 Results

Completion TimeOver all techniques, the mean completion time
was 791ms (s.d. 309ms). There was a significanh reffect of
technique (k,7=56.27, p<0.001); as can be seen in Figure 11,
Flick was again the fastest technique. T-tests stimw Flick is
significantly faster than both the other technig(es0.001); there
was no difference between Superflick and Radar.
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Figure 11. Mean completion times for all tasks; error

bars show standard error.

Performance over timaVe also carried out a post-hoc analysis
using trial block as an additional factor (incluglimaining trials as
well as testing trials). We found a main effectbddck number
(F10205-13.83, p<0.001), and a significant interactionwzssn
block and technique ¢k41512.44, p<0.001). As can be seen from
Figure 12, performance improved with both Radar &agerflick,
but did not with Flick (in fact, completion timeg® slightly over
time for Flick).
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Figure 12. Completion time by trial block (including
training in blocks 2-5; block 1 was demonstration).

Accuracy There was a main effect of Technique £422.28,
p<0.001); as in the pilot study, accuracy rates eweagain
dramatically different between Flick and Radar.léwlp t-tests
show that Flick is lower than both the other tedues; again,
there was no differences between Superflick ancaRad



Accuracy over time As with completion time, we tested
accuracy by trial block (again using practice #jalThere was no
main effect of block (ki7,71.57, p=0.065), indicating that
accuracy did not change throughout the study. Thex® also no
interaction between block and techniqueg(fs1.39, p=0.065)
(see Figure 14).

Effort and PreferenceA post-study questionnaire was given to
each participant. Each of the three techniques vgiven a
subjective score for a series of measurements.ré&igs shows
the average rating given by the participants andcaed from
positive to negative. Overall, Radar was the pretétechnique,
and Flick was seen as frustrating (likely due $chigh error rate).
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Figure 13. Mean accuracy for all tasks.
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Figure 14. Mean accuracy by trial block (including
training in blocks 2-5; block 1 was demonstration).

7 Discussion

Our studies identified the major strengths and weages of each

of the three techniques:

*  Flick is extremely fast, requiring less than hal time of the
other techniques on average. For infinite targetg.( other
people around a table), Flick is accurate enoughrdal-
world use. For all other target sizes, howeverlkFivas far
less accurate.

e Superflick corrects the accuracy problems of Fliekd
requires approximately the same time as Radar
significant differences were found).

« Radar was reasonably fast (less than one secontigigr,
and extremely accurate, on all target sizes. Radalower
when the visual field is more complex (as in theosel
study). In addition, Radar was preferred by theigipants.
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Figure 15. Average user ratings for each technique.

71 Explanations of Results

Here we consider explanations for three of ourystucesults: the
overall speed of Flick, the performance of Supekfliand the
performance of Radar.

Flick was the fastest technique, and it seems thedrits speed
advantage comes from its open-loop design. Flickwsld no
change in speed throughout the studies; it alwagek t
approximately the same amount of time regardlesh@fsize of
the target.

Superflick successfully addressed the accuracyl@nub with
Flick, and did so without adding an undue amourtiroé to the
technique. There is a relationship between speddaget size in
Superflick, because of the time needed to carryotaged-loop
corrections. The performance of Superflick over khieg term,
therefore, is dependent on the proportion of ihitieks that are
successful: more good initial flicks means lessetispent in
correcting. In future work we will study people’dility to
improve their initial accuracy with continued experce.

The radar view proved to be an excellent all-rotexhnique,
as has been found before [9]. Even with an invoocagesture,
and a visual disconnect between the miniature dwd rhain
display, the Radar was fast, easy to learn, anfiépeel by many
of the participants. One question about the rasldnat of why it
was slower in study two than in the pilot. There awo likely
reasons. First, the invocation step, although mete
lightweight, does add some time to the techniquexo8d, and
more importantly, the visual field in the seconddst used more
objects in a more complicated visual layout. In fhilet study,
participants did not really need to look at the mmeabletop in
order to use the radar; they could determine wihitkthe three
targets was yellow through peripheral vision, awdut their
attention on the radar display. This is an unréalisituation for
many tabletop systems, where there will be multghgects (e.g.,
pictures, documents, artifacts, tools) distribubedthe display. In
the second study, with the more complicated viseadne, we
noticed people looking back and forth from the ramathe main
display to make sure that they were approachingadine=ct object
(since the target was not highlighted in the rad@hjs checking

(no action was the main reason for the radar’s additiime.

7.2 Issuesin the Design of the Techniques

Here we consider issues in the design of our teckas that may
have affected our study results. First, we consttierissue of
adding the invocation gesture to the radar forgbeond study.



This was done, as described above, because thereaflares a
means for differentiating between local drag-anapd(without
the radar) and long-distance moves (that use tieryaHowever,
we could have assumed that the mode switch wouldope for
local moves rather than long-distance moves, whionld have
improved the radar’s performance in the study. Herewe felt
that using the gesture for the long-distance cass wore
realistic: we felt that users of a real-world systeould be more
confused if they had to use a gesture before d treg-and-drop
than if they did it to invoke the radar.

In contrast to Radar, Superflick does not requicelenswitches.
On closer examination drag-and-drop and flicking \aery similar
movements in the real world. The major differene¢hiat people
release the object at a certain speed if they teaffick or slide it,
and they hold on to the object if they want to dibprhe Flick
implementation works for both cases: when dropmngobject
locally, the user's motion slows to zero while Istiblding the
object, and so the system gives the object arainiglocity zero,
which is equivalent to a drop. For both Superflaakd drag-and-
drop, the system does not need to know the usatemtion,
because the same formulas can be applied.

Second, the way that we timed trials for Superflickans that
the times are very slightly lower than they shdwtd- because we
could not time the visual evaluation of the initildk. That is, in
cases where the initial flick is accurate, the us#@lt has to
visually evaluate that the object is correctly toing the target,
but there was no way for us to measure this vigwvaluation
time. In cases where the user corrects the locatiowever, we
do get accurate data because the time extendstertth of the
correction. We believe that this visual evaluatistep occurs
extremely quickly; however, we plan to test it wihfollowup
study that asks participants to move as many ab@gtthey can
within a set time period.

Third, we decided to animate the process of slidangll three
interaction techniques. Although this is not regdifor the radar
view, we wanted the visual feedback of all threzhieques to be
similar. The trial timing did not include the anitizan, however
(radar actions were timed only to the release effian), so this
technique was not disadvantaged by the animation.

7.3 The Techniquesin Real-World Applications

Several issues must be considered when applyingesuits to
real-world applications. First, our experimentaltupe used
simplistic circular targets; this may have some amtpon the
generalizability of the Radar in particular. Foample, real icons
may become unrecognizable in a radar view becdube greatly
reduced resolution, making target recognition ciiffii.

Second, Flick and Superflick must be used with tdetavide
input system, rather than a tablet as was usediin studies. To
ensure that this is easily done, we re-implemerttesl flick
techniques with finger-based input (using a Polheinacker); no
difficulties were encountered in developing thisvreystem.

Third, we tested only long-distance movement. Rebletop
work involves both local and longer-range actiomsid the
underlying interaction techniques should be ablsupport both
ranges. Radar requires an explicit mode switch Hift $rom

normal Drag-and-Drop movement to long-range movemen

whereas Superflick uses the same technique for tmiges. It
remains to be seen whether there will be any difficin moving
items only a short distance with Superflick, or tiee there will
be mode errors with the Radar.

Fourth, compared with people’s sliding performancéhe real
world, it might seem difficult to achieve both natlness and
accuracy in the same technique. However, and pityrfaecause
people can become skilled at sliding in the realldyave believe
that both of these goals can be met. Our diffiesltivith the

techniques are mostly technical: Figure 2 illustsathe problem
of low sample rate and high noise, one of the majawbacks of
any time sensitive system. We believe that withrompd time

measurements and sampling rates, we would be abigap the

user's input more accurate to our physical modelpavide more

effective feedback to the user. This also woulg hislers to gain a
better understanding of Flick and help them to tgvebetter

accuracy over time with this technique.

8 CONCLUSIONS

Of the many techniques that have been developednforing

objects on digital tabletops, very few have beeselaon the
natural sliding actions that are common in the neafld. We

found this surprising, since real-world sliding isatural,

lightweight, and uses the same basic actions fwalland distant
movements. We designed two techniques that aredbase
sliding, and tested them to see whether they cbalds efficient
as existing approaches. Our first technique, Fieés shown to
be extremely fast, but can only realistically beedudor large
targets. The second technique, Superflick, provaemrrection
step for cases where the initial flick is off targ& second study
showed that Superflick fixes the accuracy problseen in Flick;
no differences between Superflick and Radar werendp
although times and accuracies were similar. SinggeSlick is

easy to learn, does not require a mode switch,vatdpproach

the speed of Flick for large targets, we believa ih should be
considered by designers of digital tabletop apfbos.

In future work, we plan several extensions to, dadher
studies of, the techniques. As mentioned above) Batdar and
Superflick should be investigated in tabletop aggilons with
realistic targets and usage patterns that involeth thocal and
long-distance object movements. Second, we plantatkle
Flick’s timing and sampling issues by using a maceurate input
system such as an A/D board. This may give us im@ese time
and coordinate data and thus a more consistentitselmodel,
that will help to improve the distance accuracyFb€k. Finally,
we will look at combining other interactions thae gossible on
real-world tables, such as rotation, with the fliekhniques.
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