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ABSTRACT

Interactive tabletop and wall surfaces supportatmtation and
interactivity in novel ways. Apart from the traditial keyboards
and mice, such systems can also incorporate atipett devices,
namely laser pointers, marker pens with screentilmtaensors,
or touch-sensitive surfaces. Similarly, instead aofvertically

positioned desktop monitor, collaborative setupgically use
much larger displays, which are oriented eitheticaity (wall) or

horizontally (tabletop), or combine both kinds offaces.

In this paper we describe an empirical study the¢stigates how
system constraints can affect group performancéigh pace
collaborative tasks. For this, we compare varioysii and output
alternatives in a system that consists of intevactabletop and
wall surface(s). We observed that the performarica group of
people scaled almost linearly with the number atipi@ants on
an (almost perfectly) parallel task. We also fotinat mice were
significantly faster than laser pointers, but obly 21%. Also,
interaction on walls was significantly faster tham the tabletop,
by 51%.

Categories and Subject Descriptors

H.5.2.h User Interfaceq: Input devices and strategies; H.5.3.c
[User Interfaced: Group and Organization Interfaces -
Computer-supported cooperative work.

Keywords

Laser pointers, tabletop, interactive walls, CSCW.

1. INTRODUCTION

Based on the increasing affordability of large-ecdisplay and
input technologies, interactive tabletop and waltfaces have
recently been investigated in the research communit
Furthermore, a growing number of people acknowldtigeutility
of computer-aided collaboration systems in problethat
necessitate collaboration among individuals witffedent skills
and backgrounds [3]. Shared display groupware (SBS)ems
allow multiple people at a single location to wddgether on
digital artifacts. Furthermore, SDG systems carilye&sep track
of all interaction events for immediate undo, adl a® later study,
analysis, and record keeping. Data exchange is falstitated.
Co-located interactive systems also have the adganthat they
maintain the advantageous features of face-to-daoemunication
and do not suffer from the known overhead of comigation
through a different channel, such as an audio/vik&o

Fully interactive tabletops and interactive walle ane of the few
technologies that seamlessly aid co-located colthe
activities. One contributing factor is that useteifaces for SDG
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systems are typically designed to require less-thamage
computer skills. The corresponding software typycaffers only
options that are pertinent to the current tasks treducing the
complexity of the user interface. Similarly, theinn modalities
are kept as simple as possible, without offering tmany
alternatives. All these strategies directly andiriatly increase
the number of people who can actively participate a
collaborative effort.

1.1. Effect of Number of Participants on

Collaboration

In collaboration, multiple people work together tas a
common goal. Generally, collaboration happens tszau task
can be accomplished either faster, with betterityjar because
goals with larger scope can be attacked. Howewdtaloration
involves communication overhead, and hence soneief€y is
typically lost in the process. For example, confliesolution on
simultaneous interaction consumes time. This owthesually
results in e.g. three people performing a task éhf/times as
fast. However, the amount of the overhead depetrdagly on
the nature of the task. In closely coupled tasks dlrerhead can
be much smaller. In some instances it is even plesthat some
tasks can be completed masHiciently by more people, that is,
more work will be accomplished bgach person on average
(carrying a very heavy object up the stairs is sangle — one
person will find this kind of task very hard andlwequire much
more time).

Ryall et al. [19] looked into the effects of taldize, group size,
and the work strategies around the table in a poemposition
task. As was expected, larger groups performeeérféisan smaller
ones. Performance did not scale linearly in the emof
participants; a group of 4 people was only about%0more
productive than a group of 2 (there was no groupsiné 1).
However, in that experiment, the task was cogrifivelatively
demanding as it required all people to read pritst@nd recreate
the contents with word tiles on the table. Giveat tharticipants
were novices, part of the overhead is clearly du¢he fact that
communication patterns and conflict resolutiontsgges were not
“optimal”. Consider e.g. the same task performedhoge experts.
They would briefly discuss the overall strategyerthwork in
parallel at peak performance, and only merge resuitl/or share
observations from time to time. As experts rareBkmerrors, the
communication/cognitive overhead would be very &n@iven a
group of people with such a level of expertise, awerhead
introduced by the technical system (i.e. thystem-dependent
overheadl will have relatively much more negative effediart in
novice collaboration.

The study presented in this paper attempts to dedudower
bound ofsystem-dependent overheaylinvestigating the average



individual performance in groups of various sizdésom a

technical standpoint, it is desirable that indidtperformance
during collaboration drops as little as possiblempared with

solo activities. Consequently, our experimentaigtesttempts to
ignore (most of the) interpersonal communicatioerbeads and
focuses more on technical factors, such as whétleee is a need
to improve theechnicalcapabilities of the infrastructure.

1.2. Laser Pointers

Most existing large collaborative systems emplayctosensitive
screens, pen-based systems, or mice as the prineags for user
interaction. These devices require (almost) naing. Sometimes
touch sensitive systems use gesture recognitioto[Bhhance the
interface via gesture commands. But this kind deriaction
technology is known to suffer from the discoveridpiproblem,
i.e. without training it is hard to discover thesgees. Pen-based
systems share most of the properties of touch themsystems.
Both touch screens and pens require direct touehdd not work
at a distance. Mice, on the other hand, are a kmglivn input
technology from desktop systems, which provide anlgirect
pointing. One of the limitations of mice in collabtive setups is
the lack of awareness of where one’s partner isntjpj,
exacerbated by the usually very small distance thatmouse
typically travels on supporting surface.

Laser pointers as input devices have been invaéstga several
large screen setups (e.g. [1], [14], [15], [21]3])2 One of the
biggest advantages of laser pointers is that theyprovide both
close-range manipulation (by touching the surfaith ¥he laser
pen for precise manipulation) as well as the abilit work at a
distance. Additionally, laser pointers are stréfigiward to use.
Moreover, and most importantly, in multi-user lasgointer
systems [14] the saliency of laser dots on a scne¢mnly gives
each user instant feedback as to their own pomtecation, but
also helps to enhance the awareness of other peaitons.
Finally, using a laser pointer from a distance oeguobscuration
of the screen by hands/fingers/pens and reduceaatiumulation
on the screen.

Laser pointers have been already compared with ririca
standardized evaluation [14]. In that study thedgsointer was
found to be slower than the mouse by about 10%. édew in
that experiment, an NTSC video camera was used;hwihas a
relatively slow refresh rate of 30 Hz (or @@lds in interlaced
mode) and the laser pointer casing was relativeligyb A similar
performance disadvantage of laser pointers witheaesto mice
was noted in other work as well [13]. In informalperiments
with a similar setup we observed that the camesarapling rate
may have a noticeable effect of the performancassr pointers
as input devices. Hence, we employ a set of higledpnon-
interlaced cameras in the current study, with eestf rate of 120
Hz. This compares favourably with the performanta dypical
desktop mouse As an NTSC camera yields only half the pixel
resolution of a typical computer projection screewe use
multiple cameras in a tiled arrangement, as wellsals-pixel
accurate dot-location algorithms to ensure that éffective
resolution of the input device is at least thrame the pixel
resolution of the screen in each dimension in thestvcase (with
an average of five times the resolution). We beli¢hat this
design decision addresses a technical performaitiereck that
may disadvantage laser pointers a priori.

! The sampling rate of USB mice is typically 125 Hz.

1.2.1. Laser Pointers vs. Mice

A computer mouse has the advantage of familiarity rhost
computer users in many scenarios. The mouse’senhstimulus-
response (SR) compatibilftyproblem is well documented in the
literature, and easily observed by watching chiidiearn to use
the mouse. However, practically all computer usmase fully
adapted to this issue and their performance is aftdacted
anymore. Nevertheless, when attempting to use asenoumder
different conditions, such as using a mouse witbddnteractive
surfaces, various problems may reappear. First, riative
orientation of users to the work surface matterg. Hsers will
approach a whiteboard from either side or from nfiddle, but
can work from any accessible side of a tabletopeEislly on
tabletops, this means that moving the mouse mayerttoy cursor
90 degrees relative to the real motion, which ceeduusers.
Second, a mouse isralative pointing device, which leads to the
phenomenon that on large screens users are mefg tik loose
the location of the mouse cursor. In such cases;sugypically
have to laboriously scan the display to locate(taktively small)
cursor again. In line with this argument, a stugyHa et al. [9]
indicated that styli used on a touch screen wereematural to
use and allowed better support for gesturing coegpdo mice.
On the other hand, no investigation was performettiat work as
to how good these devices are fointing performance

Our present study attempts to quantify the abovéiomeed factors
and determine if the fact that mice suffer from &hnpatibility
and arerelative pointing devices has measurable impact on
performance when compared side-by-side with lagera co-

located collaborative environment The intent o tbbmparison is
to reveal information that will allow designers dtiture

collaborative systems to make better design choices

1.3. Shared displays

Shared displays in a co-located setting providenigiue set of
benefits. Practically all successful large screechmologies
directly support a larger angular field of view. ihmproves
interaction comfort through better readability dfetpresented
information and/or the fact that more informati@ande displayed
at the same time. It also greatly increases vigibiff data even if
the participants change their physical positiorthiwithe working
area (e.g. by moving closer to a wall). Additiogalhaving
multiple distinct screens allows people to betteanage their
collaboration, e.g. by assigning screens to speditivities or
specific kinds of data. Overall, collaboration withared displays
provides the richness present in face-to-face act@ans
combined with the advantages of the use of comgut€he
computer aspect adds here many useful facilitiesh ®s digital
operations, save, load, undo, automatic loggirg, et

Tabletop displays, as described by Sattal. [20], “are digital
tabletops that support small-group collaborativiévdies, such as
group design, story sharing, and planning”. Tahl€fages also
have the additional benefit of familiarity, as &bl are a
ubiquitous technology used in everyday interacti@iace tables
are usually significantly larger than standard digp they also
afford each individual a personal space.

Orientation, however, causes problems with tableligplays, as
there is no unambiguous “top” to a table. Becahseatrientation

2 This relates to the fact that a horizonfatward-backward
mouse motion corresponds to @m-downmotion of the cursor on
the vertical display.



of users around the table can be drastically differactions like
reading documents can become more difficult tharaluDespite
that, one study by Rogers and Lindley [18], in whidirect
contact pointing was used, has found horizontapldis to be
more enabling for parallel work than vertical dessd. Another
group also supports this argument [5], mentionirag flat surface
encourage joint browsing, sharing and manipulattbrimages.
Vertical surfaces were considered “awkward” as peoare
expected to stand beside one another, which isajgsopriate for
collaboration. As our system merges horizontal amdtical
surfaces into a single system, we consider ourugete be
sufficiently different from the ones in [5] and [18ence, we
believe that any findings from our research wilhggement the
results uncovered in the work of those authors.

1.4. Motivation

Overall, our present study attempts to quantify tigove-
mentioned compromises of familiarity vs. inhereuitability for
different pointing tasks between lasers and micmaist devices.
Furthermore, we investigate the differences betwakletops and
walls as interactive surfaces in co-located coltabee
environments. This will give guidance for more imfeed choices
for system and user interface design. Furthermiorejll yield
directions for designers for choosing what sortnédérmation to
place on what kind of surface and, even more inamblt, which
kind of interaction to support on which screen.dfi we will
investigate how overall performance scales withirsgldnore
users.

2. EXPERIMENTAL SETUP
2.1. Apparatus

The experiment was performed on the Multi-User taBable
Interface (MULTI) platform [22]. Although MULTI (Fjure 1)

includesthree wall displays and a tabletop display, in our study

we employed only the table and the middle wall. M/Hhhese
screens are oriented differently, they have alnlestsame size,
i,e. 1.1 m by 1.5 m (3%by 5) each. To facilitate software
creation and simplify the system design, a singlmputer drives
all five projectors (3 walls and 2 for the tabl@)l five displays
feature fully accelerated 3D graphics hardware. €lininate
potential problems with shadows, back projectiomssd for all
display surfaces. Additionally, the tabletop digplases two
seamlessly tiled projectors to provide increasedoltdion,
compared to the wall screens. Whenever desiredvibetiled
screens can be combined into a single display gtrayraphics
driver functionality, creating a 1536 x1024 pixatsntinuous
horizontal working area. This mode was used in #xigeriment
for the table display.

The dimensions of the table itself (1.3 x 1.7 nprag. 4' x 5'8")
permit five people to sit comfortably around it,thvitwo people
each on the left and right sides, and a singleopeas the end. In
our study we chose to seat only three people arthethble, one
on each accessible side, thus providing a largeuaimof space
between participants.

The MULTI system supports multiple laser pointersl anice
(Figure 2) concurrently and independently. Thisachieved by
multiplexing the laser diodes in the laser pointessichronized
with the camera frame rate [14], [17]. Applicaticoftware
running on MULTI can either receive all pointingeens by user
identifier or enable a mode, in which any lasem¢ve mapped to
a single (shared) mouse cursor. During the expetisnee used
the first mode, i.e., our application interpretd tevents and

generated the cursors without relying on a systersoc. Multiple
optical mice are supported via the CPN-mouse pacélgwhich
allows applications to obtain separate pointingnévéor all mice

connected to a computer.

Figure 1.

MULTI — A collaborative system with an

interactive tabletop and three interactive walls (¢ft and

right screens were not utilized)

In this study, we paid close attention to the failog issues to
ascertain that possible confounding factors wecewtted for:

2.2.

While the table and the wall had differing orierdat

we chose a square portion of each surface, thelenidd
part of the wall, and the bottom portion of thel¢éab
Hence, each interactive area was 1.1-by-1.1 m.

The tabletop has higher resolution. Hence, theetarg
were sized so that the physical sizes matchedtliee.
tabletop targets were proportionally large in tewhs
pixels, but targets were physically the same size o
both screens).

Although the table has a barely visible seam due to
the use of two projectors, we positioned the
experimental targets so that the seam did notseter
any of the targets.

Since mice work in screen coordinates, we scaled
their sensitivity so that the sensitivities are aqun

the physical coordinates. In other words, an igdati
physical movement resulted in the same amount of
cursor motion on the different screens.

As explained above, laser pointers are tracked at
120 Hz, which is almost identical to the 125 Hz
sampling rate used by the USB mice. Moreover,
while both mouse positions as well as laser pointer
locations are measured with higher accuracy than
screen location, both are reported only at integral
pixel locations.

Task

Our experiment consisted of having groups of threeple play a
computer controlled targeting game. The game iedam the
ISO 9241-9 pattern [12], which has been used puslyoto
evaluate pointing devices [1], [6]. Thirteen cimuldots (with
diameter 4.0 cm) were arranged along the edgelafgar circle



with 0.30 m diameter (Figure 4). For each circlee @f the dots
was initially highlighted with green colour and tptayers were
supposed to acquire that target first. After cligkion this target,
another dot roughly diametrically opposite from gireceding one
becomes highlighted. This is repeated until atjess in the circle
have been hit. The index of difficulty of such task
approximately 2.9 bits, computed asJddjstancéwidth+1).

Figure 2. Mouse and laser pointer used in the study

Figure 3.  Simultaneous overview of all targets orhe wall
and table surface. The positions of the players are
marked. Only one surface was active at any givenrtie.

Seven instances of these large circles were ardaimge square
sub-area of the wall and a table surface (Figur®&pending on
the condition, either the wall targets or the tatdegets were
displayed, but not simultaneously. The placementhef circles
creates a situation, where some targets are mucie easily
accessible to certain players compared to othgetsr

Figure 4.

To test the influence of the number of participards
collaboration, different subsets of the targetqratt were enabled
in different conditions. To ensure that only thereot subset of
participants could collaborate, the computer dis@ébinactive
input devices. The middle circle (#2) was alwaysible, circles
#1, #3, and #5 were visible only if the user clogesit was
participating, and, #4, #6, and #7 were visibleyowhen both
adjacent users were active. As an example, whers Usand 3
participated, only circles #1, #2, #3, #7 wereactif user 2 was
working alone, only circles #2 and #5 were actigd. circles
were active when all players were participating. €ach correctly
clicked green target one point was awarded in ey Points
were deducted for clicks on non-highlighted circlésr clicks on
the background (i.e. a missed target), the scoseneé affected,
but the data for such an action was still loggedidter analysis.
The scores for all users were visible in a corrfethe currently
active display.

One of the patterns used in the study.

We chose this game task for its simplicity. Whildsi a typical

motor performance task adapted for multiple peojflallows

both for parallel work as well as easy collaboratibhe cognitive
load in this task is minimal, i.e. we can use thik to investigate
maximum collaborative performance. In general, siseould

collaborate in two possible ways. One is “plaintgkel work, as
there are at least twice as many targets as usdrsisers were
free to select any target and to work independemtlgach circle.
The second possibility was a synchronized collaimrafor a

circle, where two people alternatively click ongets located on
opposite sides of the same circle. This last ddttra has clearly
the largest potential for speedup as it minimizeximy distances
for each participant — thus providing potentiallyee higher
performance.

2.3. Participants

We ran four groups of three people for a total dfphrticipants
with ages ranging from 20 to 29 years, average.Zhéy were
recruited from a local university campus and wesegensated
for their participation.

2.4. Experimental Design and Procedure

Each of the four combinations of (displayfinput device) was
tested with each group size, ranging from one teetlpersons.
Additionally, each of the seven possible groupinfishree users
(3 singles, 3 doubles, 1 triple) was explored factedisplay and
input device condition. We counterbalanced the rorok the
conditions via Latin Square, to compensate for ik learning



transfer effects. Hence, there were a total ofriéstfor each of
the four groups, each lasting 100 seconds.

The total participation time was slightly less thharour, taking
into account the introduction and final question@aParticipants
were first informed about the nature of the experita. They
were instructed to hit the green targets as quiadypossible,
while avoiding clicks on non-green targets. Althbugey could

see individual scores on the screens, we informenhtthat it was
the overall score of their team that should be maed.

Participants were free to either sit or stand. Wit exception of
the table condition with laser pointer interactitime participants
sat on height-adjustable chairs around the tabthdrpositions as
marked on Figure 1. The positions, in which thersisat, did not
change throughout the experiment (i.e. each positias assigned
to 4 out of 12 participants). During the table dtinds with a

laser pointer, users usually stood up to be momefadable with

the aim. During the wall conditions, although thositions always
remained the same, the participants typically emtabn their
chairs toward the display.

3. RESULTS

For all conditions, the following data was collett¢éime stamp,
coordinates of pointing device click, user id, atinates of the
target and if it was hit correctly, current targetiour, and the
current user’s score.

All data was manually scanned for errors and psE@$o extract
the following information:

«  Number of green targets clicked

*  Number of non-green targets clicked

*  Number of clicks outside of the targets

«  Offset between a click and the corresponding target

Subsequently, the final game scores for each ofi&htials were
subjected to ANOVA. We chose not to analyse thentoag
actions as classic 2D Fitts’ tasks (e.g. see [E3)our procedure
can directly measure pointing device throughput thia scores,
and which automatically takes errors into accolintcompute the
actual throughput for each of the conditions, ormild have to
multiply the score by théD of the task (2.9 bits) and then divide
it by the length of the trial (100 s). We did nat this for the
graphs, as the device throughput metric is not contyn
applicable for analysing target misses, or for cotimy group
performance.

3.1. Effect of Number of Users

Not surprisingly, groups with more users achieveidhér
cumulative scores, with the total scores almost atamically
increasing with the number of participants (seaiféd).
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Figure 5. Increase of performance with larger grougsizes.

There was an effect of the group sizeimaividual performances,
with participants of groups of two performing bemtd groups of
three performing slowesE; 143= 5.00,p < 0.05. Pairwise, only
participants of groups of size two and three werenfl to be
statistically different. The following figuferisualizes this:
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Figure 6.

Individual performance by group size. Bas show
standard error.

3.2. Table vs. Wall

We found a main effect of the surface type on toeres.
F1143= 63.85, p<0.001. While working on the wall surface,
participants achieved 51.2% higher scores, 94.824. per 100s
test time interval. See Figure 7 for details.
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Figure 7. Main effect of surface condition.

Another effect was observed on the number of timplksers
missed their targets. While they missed 24.4% nodien in the
wall condition, the difference was not statistigaflignificant:
F1143= 3.09,p = 0.11. Figure 8 illustrates this relationship.
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Figure 8.  Number of targets missed.

% In this and the following figures, the error barisualize
standard error.



3.3. Lasers vs. Mice

There was a main effect of interaction device oa #tores,
F1,143=30.60, p<0.001. While working with mice, subjects
achieved scores that were 20.8 % higher, 86.19v85 per 100 s
test time interval. See Figure 9.
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Figure 9. Main effect of input device on score.

The number of misses, i.e. clicks outside of theles, was also
significantly higher for the laser pointeis; 143=9.32p < 0.05.

While working with mice, subjects missed only 47% aiten,

compared to laser pointers (Figure 10).

3.4. Secondary Interactions

3.4.1. Score

The scores depend on the combination gboirting
devicg x (working surfacy Fj143=6.09, p<0.05. A Tukey-
Kramer Multiple-Comparison Test indicates, that pdlirs are
different from all the other pair®F = 9, MSE= 106.83 Critical

Value= 4.41). Figure 11 illustrates the associations.
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Figure 10. Main effect of input device on number ofargets
missed.

3.4.2. Misses

There was a main effect gbdinting devicgx (working surfacg
on number of misses as well; 1,3=12.59p < 0.01. Statistical
significance was only found in the pair wise conmgmrs
(mouse, table) vs. [anything], and (mouse, wall)(laser, table).
Figure 12 illustrates these relationships.

4. DISCUSSION

Each participant in a group of two achieved indintly more
compared to their individual performance. Howevbree people
together achieved on average less than alone. @tentjal
explanation is the nature of the task (clickingeladately on the

opposite sides of a circle), which favours a grofigwo people
more than a group of three. Another potential exgtian is that
the cost of synchronizing physical movements (i.e.
communication through the system) outweighs paiét@nefits
of optimising the task flow for performance. Howewye do not
have any further data on this at this point. Owulteis different
from a result obtained in [19], where doubling theup size
increased the group performance only by about 50%e
difference to our results is likely due to the difint tasks
involved. Ryall et al. used a common high-level task, which
required extensive communication between parti¢ipanhereas
our task was simpler, highly parallelizable, anidvaéd for great
flexibility in forming subgroups for collaboratiorOur result is
also different in nature from findings in [18]. Tee a horizontal
condition showed somewhat better performance, medsn the
frequency of communicatidretween participants. We cannot tell
at the moment, how the frequency of communicatiometates
with an overall success of the activity. Rogersd drindley
included no metrics describing the speed, or acguif pointing
tasks, thus we cannot make a direct comparison.
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Figure 11. (Pointing device) (working surface) interaction
for total score.
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Figure 12. (Pointing device) (working surface) interaction
for misses.

The finding that vertical wall surfaces were fasiad apparently
easier to manipulate on was not expected. The talniface is
much closer to the users and hence should affondtizeably



higher pointing precision and hence also larger rale
performance. However, the analysis of the experirsaows the
opposite. One potential explanation for this ist te relatively
large size of the circles was better suited formdr viewing
distance, i.e. people could more easily focus omcie as a whole
on the wall. However, the size of the targets wasdenate
enough, so that even at the shorter distance otatie most of
the circles would fit into a 40-60 degree fieldvidw. Another,
more viable, explanation is that effect of relatiméentation of
participants to the wall display. As we did not auatically
collect data on participant orientation relativethe table, we are
do not have data on this. However, from our obg&ma during
the experiment, we can say that whenever there t@egets on
the wall, all participants sitting at the sides of the tableoted
themselvestowards the wall regardless of input device. Much
more important, however, is the fact that, if wealsme only the
data for the “central” person, i.e. the person wkoalready
oriented correctly towards the wall, the effetitl persisted — i.e.
the main effect of the devices and the surfacentat®ns was
statistically significant for this person aloneptdhis eliminates
orientation as a strong potential explanation. ldemge can only
hypothesize that it is the relative tilt of the wimg surface that
matters: when the surface is not orthogonal redatiy the view
direction of a person, the perspective distortioffects
performance. On the other hand, all users in oudystan see
wall screens at an angle close to 90 degrees héttsarface (i.e.
an undistorted view). Parket al [16] speculated that effect of
perspective changes may affect the precision opthieting tasks.
Guiard et al. [8] investigated the effects of pointing in a
prospectively distorted space and observed a meaiiincrease
of movement time for object selection in such spa¥ée did not
observe such effects; however, the view distortEms thelD-s in
our study were not as extreme as in Guiard’s studigdor et al.
[24] investigated which relative orientations ofetthorizontal
control space and the vertical display perform.b@snerally, the
speed drops whenever the display and the inputéene not in
front of the user or at some small angle with respehim or her.
However, our results cannot be compared to thoseyea used
direct pointing, utilizedhorizontal displays and for the vertical
display conditions the angles toward the displayewmoderate.
Moreover, this cannot be fully explained by difieces in
perception of the targets themselves (e.g. see),[25] circular
targets are among the most robust to differencesiémtation.

Our study also investigates the difference betwasar pointers
and mice. Earlier studies have already shown tkerdato be
slightly slower than mice (e.g. [14]). Although theardware
employed in this study is superior to the hardwased by others,
namely, we track laser pointers at 120 Hz, comptored0 Hz, we
have not been able to demonstrate any improvemdnt
performance. The difference between the laser amgseis more
pronounced on the wall display, and we attributedtference to
the greater distance relative to the display, ite fact that
interaction with the wall required remote pointingh the laser
pointers. Clearly, hand jitter is the most likelyp&anation for the
worse performance of the remote condition. Theetatzndition
was less affected as pointing was relatively sHutiance,
sometimes close to touching. The
incompatibility did not manifest itself, mice wemnsistently
faster than laser pointers and had fewer targesemisAnother
interesting observation is that the difference leetmvpointers and
mice in terms of target misses is much less procediron the
wall than on the table: mice exhibited fewer missasthe table

stimulus-response

than on the wall, while for the lasers the diffarenn errors was
not apparent.

Touching a surface with a laser is very similatdoching it with
a pen. Thus, we believe that our results generatifmast partially
to pen-based systems. However, one difference leetviasers
and pens is that our laser pointers are not pressemsitive and
that left mouse clicks, corresponding to stylusstapave to be
produced via clicking a button on a side of thestgsointer. A
second difference is due to laser pointers’ havimgch longer
pointing range, which means that users did not ydwaave to
touch the surface. In fact, most of the time thint, according
to our observations during the study. However, ahibrking on
the table, users typically held their laser pointegry close to the
table surface. Although this may technically meaat tve cannot
generalize directly, we do not consider these udifiees
fundamental. The study by Parket al [16] used a tracker-
augmented stylus. However, the conclusions of plager can be
extended to cover use of laser pointers relativetytl: lasers will
be preferable foboth close and far pointing, as they seamlessly
combine the support for both pointing scenariosoAit could be
inferred that, if working witrequally distant targets, close and far
pointing differ only in a single scaling coeffictehoth in speed
and in accuracy.

Finally, it has been shown in the past that tapketdetter
facilitate collaboration [10][11], and that direpbinting works

best on such horizontal surfaces. Based on thigesults suggest
that it is best to utilize tabletops, coupled wéthpointing device
like a laser pointer, in situations, were qualitly interactions
between users is especially important for task detigm (e.g.

brainstorming session). On the other hand, forstask which a
significant amount of interactivity with the systeis expected
(e.g. architectural layout), it will be more appriape to utilize

wall displays. The choice of input device for atenactive wall

depends, as before, on the nature of interactiamtgl need for
close collaboration. For loosely coupled tasks, emiight be
preferred as it is ultimately the fastest devicére@ pointing

devices in this situation will however have the d&fén of

providing better awareness of others’ actions.

4.1. Comparison with Touch Input

Forlines et al. [7] compared direct-touch inputatabletop with
mouse input. Among the advantages of the touchebase
interaction is the possibility of natural bimanuaput, it was
found to be slower and more error prone than mdopet,
especially for smaller targets. The authors alsockme that
mouse input may be more appropriate for a singte wsrking on
tabletop tasks requiring only a single point inégian.

One of the fundamental limitations of the direaidb input is, as
mentioned above, the need to be able to reach rahyalé points
of the interaction space. That becomes difficulimpossible, as
the involved display screens grow larger.

5. CONCLUSION

In this study we have confirmed that mice still @an advantage
over laser pointer in a co-located collaborativetey. We have
also observed that vertical wall surfaces yieldhbkigpointing
performance compared to tabletops. This does nanntbat
tabletops using laser pointers are prone to disappewithout
doubt, there can be situations, yet to be systeettiwhich will
suggest that particular combination of interacBueface + input
device.



While the tabletops might have an advantage irasdns where
people have to visualize appropriate data at alasge, the study
indicates that walls are preferable when more efficient
interactivity is desired and that in this contextedt pointing
devices are preferable if better activity awarenissexpected.
This result is especially worth highlighting, givere recent surge
in popularity of tabletop interfaces.

6. FUTURE WORK

In our experiments we discovered a remarkable reiffee of 51%
in speed between table and wall surfaces (seed-igand Figure
11). While it is possible to determine all, or ma$tthe factors
that could have played a role in generating sudliference, such
as variations in perspective, in the field of viéw,posture etc.,
influence of none of such factors alone can exptlis dramatic
difference, when taking into account presently kndacts (e.g.
from [9][10][16][24]). Clearly,severalfactors are likely to play a
role here. Determining the relative contributiomsheese factors is
a subject of our ongoing research.

In contrast, the superiority of mice over laser np@is can
satisfactorily be explained by the ubiquity of mies input
devices.
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