TractorBeam: Seamless integration of local and
remote pointing for tabletop displays

tJ. Karen Parker  tRegan L. Mandryk  FKarinkpen

T Faculty of Computer Science F School of Computing Science

Dalhousie University Simon Fraser University
Halifax, NS, Canada B3H 1W5 Burnaby, BC, CandBA 1S6
{parker, inkpen}@cs.dal.ca rimandry@cs.sfu.ca
Abstract users typically need to reach on a tabletop disptay

This paper presents a novel interaction techniguwe f much smaller, and the fact that people typicaltyasia
tabletop computer displays. When using a directtinp tabletop display with their arm supported, it isgible
device such as a stylus, reaching objects on thsida that a laser pointer style of interaction wouldfpen
of a table is difficult. While remote pointing hagen better on a tabletop display than a wall display.
investigated for large wall displays, there hasnbee Table users are unique in that they are closentes
similar research into reaching distant objectsalriiet  parts of the display, but distant from others. Tiogi-
top displays. Augmenting a stylus to allow remotezontal orientation of the tabletop also means that
pointing may facilitate this process. We condudied  “up-down” movement (shown to be problematic on a
user studies to evaluate remote pointing on tapletowall display) is very different on a tabletop displ A
displays. Results from our work demonstrate that reuser may steady their arm by resting it on theetabl
mote pointing is faster than stylus touch inputléoge  Additionally, the hand/arm movement required to mov
targets, slower for small distant targets, and camadple  the cursor is not linear — rather, it becomes smnahe
in all other cases. In addition, when given a chpic closer the cursor gets to the far edge of the alspl
people utilized the pointing interaction techniquere We conducted a user study to compare three tech-
often than stylus touch. Based on these resultslave niques for selecting objects on a tabletop display:
veloped the TractorBeam, a hybrid point-touch inputl. touch with stylus (touch)
technique that allows users to seamlessly reachndis 2. pointing with stylus, arm kept stationary (pgint
objects on tabletop displays. 3. reaching and pointing with stylus (reach-andapoi
The results of this study, along with previous re-
Key words: Input and interaction technologies,léab search, informed the design of the TractorBeam—a
top displays, user studies, pen-based Uls, qudivita hybrid point-touch interaction technique which alo

empirical methods. users to cast an invisible beam from the end dflas
to select objects on a tabletop display. This idl we
1 Introduction suited for tabletop displays because it allows suger

While tabletop display research has become moréteract directly with nearby objects using a styas
prevalent in recent years, there is still no widaty  they normally would while also aiding them in reaeh
cepted standard input device for these displays. Rélistant objects by providing a laser-style pointer.
searchers have used a wide array of both direct and 1S paper first reviews related work, then desesi
indirect interaction techniques. For certain atitsion ~ Our experimental methodology to compare the effec-
a tabletop display, direct interaction with the piiis tiveness 01_‘ the three proposed interaction teclasdar
can provide benefits. However, users cannot easily (@bletop displays. We next present the results dend
teract with objects on the far side of the tablgi® _scrlbg the TractorBeam interaction technique. mello
direct input method without standing up and reaghin N9 this, we describe an exploratory user studycare-
or walking around the display to bring the objethim dgcted to gain insight into usage of the TractorBea
reach. It is important to provide users with anuinp Finally, we present our conclusions and future work
technique that will allow them to seamlessly intéra
with far objects on tabletop displays without sewer 2 Related Work
hindering interaction with close objects.

Remote pointing devices such as laser pointers havRemote pointing on large wall displays

been proposed as input solutions for large wapléis  Remote interaction with vertical displays has béen
with varying degrees of success [9-11]. While taéy yestigated in a number of studies [9, 10]. Sevesal

low input from various distances, they are probléma gearchers have proposed laser pointer interactoa a
in terms of accuracy and speed. Given that thamiists
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possible solution [10], while others have examised
lutions involving gyroscopic mice [9] or PDAs [10h
most cases, these solutions performed poorly, sty
acquisition times and large error rates. For pointi
tasks on large wall displays, laser pointers weoeses
than both mice [10, 11] and stylus touch [10] inme
of throughput and speed, and users found thencdiffi
to operate [10]. In addition, using standard |gs@nt-

Input was received via a tethered stylus and vecei
attached to a Polhemus Fastrak (six degrees addree
3D tracking system). The Fastrak receiver was secur
to the centre of the underside of the table andigeal
our software with information about the current ipos
tion of the stylus in relation to the display. Wxperi-
enced no perceptible problems with lag in using the

ers required input to be tracked using a camerd, an

there were delays between a user pointing to aitoca
and that action being processed by the computgultre
ing in delayed feedback.

Reaching distant objects on large displays

Baudisch et al. [2] developed the drag-and-pop and

drag-and-pick interaction techniques for reachimg d
play items that are far away or otherwise out @& th
reach of the user. In drag-and-pop, as the usgsdia
icon across the display, potentially related taigehs
are stretched towards the icon being dragged. Bralg-
pick extends this idea by popping all (related ande-
lated) icons located in the direction of the dragtion,
and then allowing the user to pick the desired.icon

Interacting on tabletop displays

Past research on tabletop displays has used dfetya
of input technologies including finger touch [5,]12
styli [7, 18], mice [15], and tangible input [168}Vhile
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Figure 1: Top-projected table hardware configuratio

most of this previous work has not evaluated inputo‘ multi-directional task (2D Fitts discrete taskjasv

techniques, a few researchers have developed stedi te

used to evaluate selection tasks in three condition

input techniques for tabletop displays. Wu andt@Uch point andreach-andpoint In the touch condi-
Balakrishnan developed and evaluated a suite of harflon: participants selected objects by touchingstyéus

and finger gestures for multi-touch tabletop digpla

to an item on the table. In the point conditionenss

[19]. Rekimoto and Saitoh explored two techniques -S€lécted objects by pointing at them with a styussng
hyperdragging and pick-and-drop — to allow users td! like a Ias_er_ pointer, with a cursor appearmg.tbe
move files between a tabletop and other computind@P!e). Participants were required to keep thepeup
devices, including distant displays such as largél w arm stationary on the table and refrain from reghi

screens [13].

3 First User Study: Pointing vs Touch

We conducted a study to compare the speed and ac
racy of selecting a target by touching it with gl
(touch) versus pointing to it (point, reach-andrppi

Experimental Design

Twelve right handed university students (7 maldée-5
male) took part in our study. The hardware setup fo
our top-projected tabletop display consisted ofed- ¢
ing-mounted projector, mirror, desktop PC, and weood
table. The output from the PC was projected one th
mirror, which reflected the image onto the tablig(iFe

1). The projected display was 1200 x 900 mm, asdtin
200 mm from the user’s side of the table.
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towards the targets while pointing. In the react-an
point condition, users selected objects by pointing
them (similar to the point condition) but were emco
aged to reach out over the display to reduce thiamte

Yatween stylus and target.

stylus

Xl vz

s T

- /'
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Figure 2: Pointing interaction technique.



Participants were presented with a series of titiads
required them to first select a home square andesub
guently select a target circle (Figure 2). The Boibs
stylus was used for all conditions, including touahd
visual feedback was provided via a cursor. In alidi-
tions, selection was indicated by a cursor dwellabf
least 300 ms inside a target.

used. Once finished all conditions, users werergiae
final questionnaire asking them to rank the teche
for satisfaction and perceived effectiveness.

Hypotheses

Given previous findings in pointing research using
Fitts’ Law, we expected effects of target widthgke

A Java application was developed to implement the,nq amplitude on movement time (MT). Because users

selection interactions required for each of theeg¢hr
conditions. Positional information (x, y, z, azitnuand
elevation) was received from the stylus and praect
of the endpoint of the stylus onto the table wdsiza
lated (Figure 3: x2,y2). Each individual trial bega

when a user selected the home square, and ended whg

they selected the target circle. Software loggedmwa

were required to lift their bodies from the chaitduch
distant targets, we expected it would take longer t
touch these targets than point to them. Althougiraus
are able to move much faster with a pointer, it kou
likely take them longer to home in on the target ti

e amplification of their movements. For this @as
we expected it would be faster to point to larggets

target appeared, when a user moved off the homg,, touch them. For the same reason we also expect

square, and when a target circle was selected.

A within subjects design was utilized with each
participant using all three techniques. To minimize
der effects, condition order was counterbalanced.

After completing a background questionnaire, par
ticipants performed a series of trials using thpeeix
mental task software in each of the three condition
Participants sat at the tabletop display and wsked
to remain seated, unless it was necessary to Yorief
stand in order to reach distant targets.

7= 120mm gy
\& 30mm
780mm
390mm _
195mm g o
V] 40°
200mm

Figure 3: Software - The black square is the spamint
and the circles represent targets. Targets weredihs

it would take longer to point to small targets thaunch.

Data analyses

Computer logs were used to determine movement time,
error rate, and entry rate (number of times a tanges
entered in a single trial). MT data were calculdten
when the cursor exited the home square until tlee us
Iselected the target. This method of computing move-
ment time does not include reaction time. We chose
measure MT in this manner because it was important
that the time required to visually scan the laj@dtop
display did not influence the time taken to actuakr-
form the movement. In addition, the 300 ms dwetli
(required to determine a selection) was not induite
the movement time measure.

Since participants were required to select a targe
before moving on to the next trial, there were rissed
targets. Errors occurred in one of two ways: eitiner
cursor left the home square before the target apgdea
(anticipatory error); or the participant did nothgolete
the trial within 4 sec (timeout error). We remove@l
(1.4% of total trials) anticipatory errors and 24506 of
total trials) timeout errors from the analysis.

Outliers were removed for each participant by cal-
culating each individual’'s mean movement time fibr a
trials, and removing any individual times that were

(30mm, 60mm, 120mm), on 3 angles (40° left, midlinemore than three standard deviations from this mean.

40° right), at 3 amplitudes (195mm, 390mm, 780mm).

For every condition, each participant first compteta
warm-up session which required them to select 1o ra
dom targets. They then completed exactly five gria

Welford’'s extension to Fitts’ Law [17] was used to
recognize the potential separable effects of waih
amplitude: MT =a + b; log,A — b, log;W, where,b,
log,A may correspond to the initial impulse towards the
target, whileb, log,W may correspond to the feedback

each unique combination of amplitude, width, and anbased final adjustment.

gle, for a total of 135 trials. The ordering of tii&@ls
was randomized for each participant.

Participants may have entered the target circleemo
than once as a result of overshooting, especialty f

Following each condition users completed a postsmaller targets. We logged each time a user entaeed

task questionnaire to gather data on their condac
perceived performance with the technique they bat j
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target to get an indication of the degree of oveoting
(entry rate).



Movement time and entry rate data for the five re- Regression R
peated trials at each unique combination of tavget |1o,cnh [MT (ms) =-90 + 199 ID .67
ables were averaged. Repeated Measures Analysislaf MT (ms) = -1801 + 330 lo - 67 logpW 97
Variance (ANOVAs) were performed on the mean MTPoint m1 Eng = :‘;gg I ggg II(?,Q\ 545 Toaw 9'38
and mean entry rate data. All main effects andraate MT (ms) - 512+ 326 D 4 o1
tions were tested at=.05. We also performed multiple |R®2°" [T (ms) =895 + 375 logh - 278 logw 93

regressions on means for MT (averaged across lall sUTaple 3: Linear regressions for prediction of moesin

jects) using ID, or A and W as predictors, sepdydte
each technique. Questionnaire data were analyzed us
non-parametric statistics.

time (midline data only)

Consistent with previous work, Welford’s two-part
model provided a better fit than ID alone. Notet tioat
touch on the midline, Fitts’ Law only accounted for
67% of the variance, while the two-part model ac-
counted for 97%. Although the Welford model prodde
two parameters, which would generally provide ddvet
fit than one parameter, the unusually low fit floe fFitts
model speaks to the unique issues in non traditiona
computing environments. When aiming with a remote

Results and Discussion

Movement time data for the midline, separated by in
teraction technique, amplitude, and width are priese

in Table 1. Entry rates (the number of times thesau
entered the target prior to selecting it) separatgdéh-
teraction technique, amplitude, and width are shawn

Table 2. Note that an entry rate of 1.0 would digni

that participants never overshot the target.

pointer on an oblique surface, the cursor movemeneats

amplified further from the pointer source. As sueh,
straightforward log linear model would not account

'(An':‘nﬂ’) \(’r\T’]'ﬁf;] I/Ioe‘;cnh(SE) mg; (SE) mzf]h(SE) well for performance. Welford's model revealed that
105 | 30 238 (36) 513 (35) 543 (42) for similar IDs, movement times were more sensitive
60 341 (27) 310 (22) 311 (23) changes in target amplitude than target width when
120 296 (25) 176 (15) 179 (17) touching. For pointing, the relative contributiohtar-
390 [30 582 (52) 711 (44) 827 (56) get width was much higher.
‘13(2’0 ig ((23; 2% ((3?) igi (égg Since participants had to lift completely off thei
=5 T 077 (65) 1430 (93) 1433 (65) chair to reach dlstf_:mt targe'.[s, we thought MT faase
) 975 (98) 938 (63) 1033 (68) targets W_()u]d be dlspropqrtlonately sloyver than it
120 829 (76) 682 (46) 770 (58) targets within reach. Plotting both predicted Manfra
Table 1. Mean movement time (MT) for each techniqueM0del of close and middle targets and actual MT as
evidenced in the data reveals this to be the ddgare
Amp | Width | Touch Bont Reach 4 shows that for close and middle target distangess,
(mm) | (mm) | Mean (SE) |Mean (SE) | Mean (SE) dicted and actual MTs are similar. For distant etsg
195 30 1.08 (0.04) 1.56 (0.06) 1.55 (0.06) actual MT is larger than predicted MT for all three
60 103(0.01) | 1.29(0.05 | 1.34(0.05) widths. For pointing, the difference between prestic
120 101(001) | 128(0.03) ) 126000391 gnd actual is particularly large for small, distergets.
390 30 1.06 (0.03) | 1.52(0.08) | 1.82(0.12)
60 1.03 (0.01) 1.56 (0.09) 1.42 (0.07) 8 Touching p— Pointing Y=
120 1.00 (0.00) | 1.26(0.05) [ 1.31(0.07) il d
780 30 112 (0.03) | 3.43(0.23)| 3.14(0.20) 1500 4 1600
60 1.07 (0.04) | 2.18(0.15) | 2.37(0.15)
120 1.02 (0.01) 1.65 (0.12) 1.63 (0.05) 1400 1 14009
Table 2: Mean entry rate for each technique. 71 ] 1200 - .
Hypothesis 1a: Fitts’ Law would be upheld using all |~ "™ 5 ’ -
3 interaction techniques. 200 - . B0 :
Research has shown that movement times for similag | - c00 | .
indices of difficulty will differ for varying combia-
tions of target amplitude and width [8], and thatget 4n0 400 - )
amplitude and width are better predictors of moveime Togas 0T Plga” "

time than the index of difficulty (ID) alone [6].dihg @  Figure 4: Predicted and actual MTs based on modéls
multiple linear regression, our data was fit acress-  close and mid targets. For each }égthe three vertical
jects for MT using ID, or A and W as predictors for symbols represent small, medium, and large target
each technique (Table 3). widths (top to bottom).
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Hypothesis 1b: It would be faster to point along te (F2,27~1.98, p:.163,r]2:.15 and k,7=1.15, p=.334,
midline and towards the right, than towards the lef. n%=.10 respectively). For large targets there wasamm
Repeated measures ANOVAs were performed omffect of interaction technique {F=28.7, p=.000,
the movement time data for the 3 (interaction techn?=72) and pairwise comparisons revealed both the
nique) by 3 (target angle) design. Consistent witih  point and reach-and-point techniques were signifiga
hypothesis, there was a main effect for anglg.{F faster than the touch technique; (E28.2, p=.000,
=15.74, p=.000n2=.59), but no main effect for interac- n=.72 and IF1:=37.0, p=.000n°=.77 respectively).
tion technique (k,~1.55, p=.240,12=.12). Pairwise For small targets at medium distances there was a
comparisons revealed that movement times were signain effect of interaction technique,@z=17.3, p=.000,
nificantly faster for targets on the right thangeetis on 2= 61) and pairwise comparisons revealed touch was
the midline (k1:=12.66, p=.0042=.54) or on the left significantly faster than both point and reach-aoiht
(F11=24.64, p=.000n2=.69). (FL1=6.9, p=.023,n°=.39 and Fk,=38.9, p=.000,
n=.78, respectively), and point was significant/gtéx
Hypothesis 2: Pointing would be faster for distant hgn reach-and-point {F=10.3, p=.008n?=.48).
targets but not different for close. For small targets at close distances no significan

Repeated measures ANOVAs were performed onyifference was found between the three interaction
the movement time data for the 3 (interaction teChTechniques (F,=1.98, p=.163p2=.15).

nique) by 3 (target amplitude) by 3 (target widtg-
sign. A significant 3-way interaction between width Entry rate analyses
amplitude, and interaction technique was found | general, when pointing, users overshoot thgetar
(Fs.85=8.0, p=.000/1°=.42). Since our hypothesis stated then make compensatory movements. This overshoot
that MTs between techniques would differ as a flonct  can happen more than once, which may indicateahat
of target amplitude, we separated this by amplitude  target is difficult to acquire. We expected thainiog

For distant targets there was a significant imoa 15 small targets would yield higher entry ratesntha
effect of width by interaction technique 4(F=21.2, toych (subsequently causing MTs to be slower).
p=.000,n’=.66). To further explore this interaction ef-  ANOVAs were performed on entry rate data for the
fect we separated by width and performed ANOVAs onsmallest target width for the 2 (interaction tecjus)
movement time data for the 3 (interaction technjquepy 3 (target angle) by 3 (amplitude) design. This r
design. This revealed that the first part of oupdthe-  vealed a significant interaction effect between kmp
sis was validated for large targets but not for im@dor  ,de and technique {F=114.25, p<.000p*=.91). Ex-
small targets. For large distant targets, we faamdain - pioring this interaction effect further, we sepathbn
effect of interaction technique {p=4.6, p=.021, technique and ANOVAs were performed on the 3 (tar-
n"=.30) and pairwise comparisons revealed the poinget angle) by 3 (amplitude) design.

technique was significantly faster than both thecto We found a significant effect of amplitude on gntr
agd reach-and-point techn2|ques L{E54, p=.040, rate for the point technique £F=93.8, p=.000,
n=.33 and Ir1;=5.6, p=.03811"=.34 respectively). n2=.90). Pairwise comparisons revealed a signiflgant

For medium-sized distant targets there was no sithigher entry rate at the distant amplitude thamitter
nificant difference between interaction techniquesciose or medium amplitudes 1(F=95.16, p=.000,
(F2271.9, p=.173n=.15). nN2=.90, and F1;=109.06, p=.00032=.91).

For small distant targets, a main effect of intécen For the touch interaction technique no significant
technique was found £5=13.8, p=.000n?=.56), and difference was found for amplitude,(=1.36, p=.275,
pairwise comparisons revealed touch was signifigant n2=11) but a significant main effect was found for
faster than point and reach-and-point,(F12.7,  angle (5 ,=3.77, p=.03952=.26). Pairwise compari-
p=.004,n’=.54 and I1=36.35, p=.000)°=.77). sons revealed a significantly higher entry ratthatleft

For close targets there was also a significaetat  and right angles than on the midline, (E7.65,
tion effect of width by interaction techniques(6=9.5,  p=.018,n2=.41, and F,;=5.21, p=.043p=.32).
p=.000,n%=.47). To further explore this, we separated ’
by target width and performed ANOVAs on movementgyestionnaire response analyses
time data for close targets in the 3 interactiahigque
design. We found the second part of our hypothgais

validated for small and medium targets but notidege five-point scale. To determine differences betwten

targets. For small and medium targets there wasigio . . . .
i . f interaction techniques, results from these questibas
nificant difference between the three techniques

After each condition, participants rated a numidfer
factors related to effort, comfort, and effectiven®en a
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were analyzed using a Friedman test. The means avéth nearby parts of the display more naturallyrét
summarized in Table 4.

Participants felt touching the table required #ign
cantly more physical effort than pointing or reanhi

stylus, and use the pointing functionality whenythe
need to select an item that is beyond their reach.
One of the main benefits of the TractorBeam inter-

and pointing £°=7.2, p=.027), however, they experi- action technique is that it allows users to intesith
enced less wrist fatigue when touching the thannwheboth close and distant items on a tabletop displily-
pointing or reaching and pointing?€9.4, p=.009).

At the end of the experiment we asked the particia close object, the user simply touches the stylube

pants to rate the three interaction techniquesrdotp

out having to switch modes or devices. To intevett

table, as one would normally use a stylus. To auer

to how effective they were and how much they likedwith a distant object, the user simply points thdus
each technique. There were no significant diffeesnc towards their desired target, casting a virtual nbea
between the three conditions for either variable.

which positions the cursor where the user is pointi
When pointing from a distance, it may be harder fo

L%chh(sm ni:;r:ut(sm S::rf(hsm a user to control the cursor. However, Scott ehaled
NVortal Effort 27 (10) 23 (10) 2.9 (L0) thgt users primarily select_ distant objects in ort_ste
Physical Effort 48 (05) 3.7(12) 38 (13) bring them closer, and typically perform more compl
Perceived Accuracy a5 (6.7) a1 ('0_9) '3.9)('0_9 cated interactions such as manipulation once #masit
Perceived Speed 4.0 (0.9) 40(07) 38 (09 are close [14]. By allowing users to .touch locadlyd
Wrist Fatigue* 2.7(0.9) 32(13) 3.7 (L0) point remotely, the TractorBeam provides the méans
Arm Fatigue 37 (1.2) 3.7 (1.0) 35 (1.4) direct manipulation of close objects, and quiclestbn
Shoulder Fatigue 3.7 (1.6) 35(0.7) 3.1(L4) of distant objects, allowing users to switch seaslie
Neck Fatigue 2.8 (1.4) 2.8 (1.2) 2.4 (1.2) from selecting to moving to manipulating.
Comfort 2.8 (1.3) 3.3(0.9) 33(1.3) We ran a follow-up study on our TractorBeam in-
Ease of Use 3.8(1.2) 4.3 (0.5) 3.8 (1.0) teraction technique to determine which input tegbes

Table 4: Mean responses from the condition questionusers would choose for selecting various size ehjat
naires on a five-point scale where 1 is low ands5 i various locations on the tabletop display.

high. (* denotes p<.05)

Experimental Design and Data Analyses

eSix participants, two male and four female, took pa
this study. All had participated in our previouseus
Istudy and were familiar with the tabletop displayda
the three different input techniques.

A simple pointing task was used to observe partici
rRants’ use of the TractorBeam technique to sekget t
gets on a tabletop display. Participants were tiostd
to use their preferred combination of touch, poamtg
reach-and-point to make selections. A second Jgva
plication was developed, and was run on the same ta
bletop display. It presented a series of seledtiats in
which target circles appeared in one of 9 locations
the display (Figure 6). Each participant completad
actly five trials of every possible combination lota-
tion and width, for a total of 135 trials. The oritig of
the trials was randomized.

) The focus for this study was on choice of techajqu

4 Sgcond User Study: TractorBeam Usage. ) rather than target acquisition time. As such, wedus
Our first study showed that touch and pointing bothcoding sheet to record which input technique (tpuch
ally, participant feedback suggested that usersldvou \ye classified touch as any selection where theustyl
accept the tradeoff between technique and speed f@suched the table, point as any selection where the
distant targets, if it allowed them to select objewith-  yser's arm remained stationary, and reach-and-int
out moving from their seats. Keeping this in mim&  any selection where the user’s arm moved forwards o
designed an interaction technique that combineseclo sideways to get closer to a target prior to pogtifine
touch and distant pointing, allowing users to iat¢r counts were totaled for each user and percentages ¢

Participant feedback provided additional evidenc
that it was more difficult to point to small, faargets.
One participant commented: “significant effort was
required ... to select small objects that were furthe
away” while another noted “I often over-shot theg&
and it required more movement in my arm to select.”

Questionnaire comments also revealed participa
fatigue caused by reaching for distant targetshim t
touch condition: “When the target was close [tongh
was fine... But when | had to actually get up from my
seat to reach the target it was AWFUL!" Furthermore
some participants noted the tradeoff between spadd
comfort, stating their preference for the pointiegh-
nique for far targets even though it was slowerddh't
think | was as accurate but | liked it better beseal
didn't have to keep standing and sitting over aret.t
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culated for each size and table location. Friedteats

Hypothesis 1. For distant targets, users will cho@s

were then used to evaluate the counts for eaclhedf t to use point or reach-and-point.

hypotheses.

120mm60mm

30mm| - =)

780mm

390mm

- 530mm——7—-——

| 200mm

195mm

Figure 6: The black square is the start point ahe t
circles represent targets, which were 3 widths (B0m
60mm, 120mm), and appeared at 9 locations.

Hypotheses

Results from our first study revealed that for aiist
targets, pointing was faster for large targets tanth-
ing was faster for small targets. However, our ipart

For far targets, no participant ever used the ttouc
interaction technique. Results from a Friedman two-
way ANOVA revealed that the first hypothesis was
validated in that useralways chose to use point or
reach-and-point for far targetgzz(N:gs.OS?, p=.018).

On average, the point technique was used 51% of the
time and the reach-and-point technique 49%.

Hypothesis 2: For close targets users will choose t
touch targets directly with the stylus.

For close targets, only one participant used the
touch interaction technique (18 times out of 4&ls).
The remaining five participantsever used the touch
interaction technique. For these five participants
results from a Friedman two-way ANOVA revealed
that hypothesis two was not validated in that thersi
always chose to point or reach-and-point to cl@se t
gets % n-56.421, p=.040). These five participants
used the point technique 54% of the time and thelre
and-point technique 46% of the time. The one partic
pant who did use the touch interaction techniquesl uts
40% of the time, the point technique 4% of the tand

pants expressed appreciation for the point andnreac the reach-and-point technique 56% of the time.

and-point techniques because they required lessi-phy

cal effort. Based on this we thought that for distar-
gets, users would use the point or reach-and-peatt-
niques and for close targets they would use touch.

Results and Discussion

The counts and percentages for the number of tim

participants chose to use each interaction teclkeniq
were recorded. For each table location there dotah
of 90 trials (5 trials x 3 sizes x 6 participant8)gure 7
presents a visual representation of the data, stgpuse
percentages for each of the three interaction igals.

GG

home |
square|

Bl Touch Small
E Point Med.
O Reach & Point Large

Further analyses revealed that the choice of veneth
to point or reach-and-point depended more on tigéean
than the amplitude of the target. For both the fpaird
reach-and-point techniques, the results from adfran
two-way ANOVA revealed a significant difference
between the interaction technique used for the deft-
tre, and right targets (poini(2, N=6)=8.32, p=.016

Sgnd reachy’(2, N=6)=7.90, p=.019) while no differ-

ence was found based on target amplitude. Usededen
to use the point technique more for centre targets
used the reach-and-point technique more for targets
the left and right hand side of the table.

5 Conclusions and Future Work

Although previous research has found that remote
pointing is a poor input technique for large wai$-d
plays, our studies found it to be a highly effeettech-
nique for tabletop computer displays. It is appiaer
for reaching distant objects, and would be effecfior
users who want to select distant items to move them
closer into their personal space for manipulatibhe
TractorBeam capitalizes on the benefits offeredhdh
pointing and touch, allowing the user to use bettht
nigues seamlessly and without the need to switch be
tween different modes.

When selecting an interaction technique, user com-

Figure 7: Percentages by size and target locationfort must also be considered. The results fromsmar
Nested graphs show amounts techniques were used. ond user study clearly indicated that users prefeto
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use a pointing interaction style to select distanjects. cessing remote screen content on touch- and pen-
Thus, although our first experiment revealed tbath-  operated systems. Froc. INTERACT 2003%. 57-64.

ing was faster for small, far targets, the toucpuin [3] Boritz, J. and Booth, K.S. (1998). A study ofar-
technique was fatiguing, and not preferred by useractive 6 DOF docking in a computerised virtual envi
(and never utilized for far targets in our secotulg). ronment. InProc. of VRAIS '98 p. 139-146.

The Fitts’ Law evaluation on the results of oustfi [4] Cohen, O., Meyer, S., and Nilsen, E. (1993).
study raised interesting questions about the use @tudying the movement of high tech rodentia: Poti
pointing on tabletop displays. Pointing was slotv&mn  and dragging. liExt. Abstracts o€HI '93. p. 135-136.
touching for small, distant targets. Since a poitn [5] Deitz, P. and Leigh, D. (2000). DiamondTouch: A
travel faster than a user's arm, we speculate @t multi-user touch technology. IRroc. of UIST 2000 p.
extra movement time is contained within the percen19-226.
time after peak velocity, or the home-in phaseh# t [6] Graham, E.D. and MacKenzie, C.L. (1996). Physi-
movement. The acquisition is further complicated fo cal versus virtual pointing. IRroc. CHI'96 p. 292-299.
distant targets because of the non-linear mappetg b[7] Krueger, W. and Frohlich, B. (1994). The Respon
tween distance and angle — i.e. the further thiadi®, sive WorkbenchlEEE Computer Graphics and Appli-
the greater the physical movements of the styles arcations 14(3): p. 12-15.
amplified in the cursor. We plan to collect positd [8] MacKenzie, C.L., Graham, E.D., Trip, A., and
data at a high frequency to further investigate tbsue. Wang, Y. (1996). Pointing to virtual targets withet

While the studies discussed in this paper tegetar left and right handJournal of Sport and Exercise Psy-
acquisition only, we envision the TractorBeam —hwit chology 18: p. S55.
the addition of a button for selection — being used [9] MacKenzie, I.S. and Jusoh, S. (2001). An evalua
drag and manipulate items on a tabletop displayhWi tion of two input devices for remote pointing. Pmoc.
this in mind we plan to evaluate our technique giin of EHCI 2001 Springer-Verlag. p. 235-250.
suite of tasks such as tunneling [1] docking [3jda [10]Myers, B.A., Bhatnagar, R., Nichols, J., Peck,
tracing [4] to provide a better overall indicatdrtbe  C.H., Kong, D., Miller, R., and Long, A.C. (2002-
TractorBeam’s performance on the tabletop. In additeracting at a distance: measuring the performarice
tion, we would like to test the use of the TracteaBh laser pointers and other devices.FAroc. of CHI 2002
in ecologically valid tasks using robust applicaio p. 33-40.

Since pointing to small, distant targets was slowl a [11]Oh, J. and Stuerzlinger, W. (2002). Laser [
users overshot the target several times beforetgmle  as collaborative pointing devices. Rroc. of Graphics
we would also like to consider methods of improviang Interface 2002p. 141-149.

the ability to select these targets. [12] Rekimoto, J. (2002). SmartSkin: an infrastuet

Finally, we would like to examine the impact of for freehand manipulation on interactive surfades.
multiple TractorBeams on co-located collaborationProc. of CHI 2002 p. 113-120.
around a tabletop display. We are interested in tiesv =~ [13] Rekimoto, J. and Saitoh, M. (1999). Augmented
interaction technique affects task work, and whetheSurfaces: A spatially continuous work space forrtd/b
teamwork will be affected. For example, we thinktth computing environments. Froc. CHI '99 p. 378-385.
the TractorBeam might aid in the awareness of othejl4] Scott, S.D., Carpendale, M.S.T., and InkpenviK
people’s activities over traditional indirect medisoof  (2004). Territoriality in collaborative tabletop e

input such as mice. spaces. IfProc. of CSCW 2004
[15] Scott, S.D., Lesh, N., and Klau, G.W. (200&)-
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