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ABSTRACT

Tables have historically played a key role in maegl-time

collaborative environments, often referred to asar‘wooms”.

Today, these environments have been transformed

computational technology into spaces with largaic@lr displays

surrounded by numerous desktop computers. Howelespite

significant research activity in the area of tafyetcomputing,

very little is known about how to best integratdigital tabletop

into these multi-surface environments. In this papes identify

various design requirements for the implementatibra system
intended to support such an environment. We thesgnt a set of
designs that demonstrate how an interactive taleém be used
in a real-time operations center to facilitate abtirative

situation-assessment and decision-making.

Categories and Subject Descriptors
H.5.2 [User Interfaces]: Interaction styles

General Terms
Design, Experimentation, Human Factors.

Keywords
Tabletop interaction, interactive spaces, groupwasal-time
collaboration.

1. INTRODUCTION

Although centrally located tables have historicdgen the foci of
collaborative activity, much of the research intamputationally
enabled interactive spaces [11, 13, 17, 21] hasngsily

concentrated on how to facilitate the transfer afad redirection
of application windows, and redirection of mousel &eyboard
input amongst interactive whiteboards and pers@oahputing
devices. This body of research informs the desigmteractive
spaces for the common office environment, spacesvhiich

collaborative brainstorming and spontaneous disonss
dominate. The tasks carried out in these spacessamdly “open-
ended” without stringent time constraints or theskriof

catastrophic consequences associated with theboodiion.

In Heath and Luff's study of the London Undergrodad], they
identify several meta-level organisational and camitational
activities that are engaged-in by those monitoend attending to
the real-time operation of the London subway system

1. Surreptitious monitoring and interrelating tasks.

2. Rendering activities visible.

3. Overseeing the local environment of events andities.
4. Shaping tasks and coordinating activates.

Copyright 2006 Association for Computing MachinenrACM
acknowledges that this contribution was authoredosauthored by an
employee, contractor or affiliate of the U.S. Gaweent. As such, the
Government retains a nonexclusive, royalty-freehtrigp publish or
reproduce this article, or to allow others to do & Government
purposes only.

AVI'06, May 23-26, 2006, Venezia, Italy.
Copyright 2006 ACM 1-59593-353-0/06/0005...$5.00.

’Department of Computer Science
University of Toronto
www.dgp.toronto.edu

dwigdor | ravin @dgp.toronto.edu

From the descriptions offered of some of thesestagkis clear
that a shared interactive table might benefit usgrsupporting
and reducing the activity required to carry-outstheneta-level

b activities. Heath and Luff point out, for examplilee value of the

coordinating influence of shared status-informattbsplays and
of overhearing telephone conversations in avoidimg need to
manually coordinate tasks. This incidental coortlama is

enhanced by an interactive touch-table, where itscdtouch

interface make both the operation and its targsibl to all

participants. It is operation centres, such asotie described by
Heath and Luff, which are the primary targets & thteraction

paradigms we have developed.

In addition to supporting real-time system contecehtres, our
research is also intended to inform the design edighted
meeting rooms, sometimes referred to as “war roanséxtreme
collaboration” spaces, being used in sectors inctudarge
companies (e.gwww.pbworld.con) and operations centres (e.g.,
www.nyc.gov/html/nypd). We envision that our techniques will
be useful as part of a larger system which mixbiethased and
direct ancillary display manipulation.

In this paper, we present solutions that enablepbete control
over multiple display surfacedirectly from an interactive table
for domains in which real-time collaboration is es$al. We
believe that recent developments in digital talpst{8, 17] can be
exploited to enable a return to table-centric spagkich can be
valuable in supporting face-to-face real-time dotlative
decision-making while simultaneously controllingdaexploiting
the additional information capacity of auxiliarysglays.

We begin by reviewing related work, then presemt design
requirements for the building of an effective tabémtred control
space which includes multiple ancillary verticasmlays. Finally,
we present the design solutions which made-up dotyme
system we developed.

Figure 1. The PB Cave\Www.pb.con). A space containing
many elements of our envisioned environment.



2. RELATED WORK

Computer-augmented collaborative environments Hzen the
subject of a great deal of research. In the eadjepts, users were
each equipped with a personal computer, generaflyrearly 1:1
computer-to-person ratio. Additionally, one or mdaege-scale
screens may be used to display information of a@steto the
group as a whole, or as ancillary displays cordtié from
individual participants’ workstations. In Engelband English’s
system [9], Begeman et alPyoject Nick[3], and Xerox PARC'’s
ColLab project [21] participants are seated at workstetio
arranged around a table, leveraging some of therdsfhces of
table-centred interaction albeit without an int¢ikec tabletop
surface. In Koike et al'&€nhancedTabl¢13], and Rekimoto and
Saitoh’s Augmented Surfacefl8], personal workstations are
enhanced with either tables or other vertical s$a

Tabletop computers have also appeared in more treuatti-

display collaborative environments. The iRoom prbj¢ll]

extended Colab in several ways, including the @muiof a
computer embedded into a table. The i-Land prd@&itincluded
personal workstations built into individual chaies well as wall
and table systems. In the MultiSpace system [16§rsiinteract
directly with a shared table, a laptop, or a waled display,
passing objects between screens by dragging theleotauits”

or “portals” represented graphically on each device

However, none of these prior research systems tigetsd
solutions for the direct control of input interacti of ancillary
displays from a shared tabletop.

3. DESIGN REQUIREMENTS

The prior work focused on allowing users to moveagiand use
the different displays in a distributed manner.haligh direct-
interaction with the ancillary displays might prdei more
flexibility, it is desirable that the full-range afctions that can be
performed on these displays be supported fromahke tinreal-
time for several reasons:

- all virtual elements are within reach of all papants

- participants can remain comfortably seated

- a consistent input and interaction paradigm is taaied
- advantages of table-centred interaction may bedexel

Given these advantages and opportunities in thigrdspace, and
given Heath and Luff's observational evidence, &4 as recent
developments in interactive tabletop input techgglf8,17], our
goal is to explore the scenario whaikinteraction can take place
on the tabletop, allowing multiple users to simuéausly interact
— directly from the tabletop using multi point diteouch input —
with the full content of multiple surrounding diggsk.

In order to attain this goal, we identified six @@srequirements
that would need to be met in order to build a saslystem.

a. Support Non-Linear Alignment of Displays

Many pointer-based systems that facilitate multigilplay
interaction require that the edges of the varioispldys be
linearly, or nearly linearly aligned with one anetf1]. Although
aligning the vertical displays with the edges of tiable might
S|mpl|fy the problem, several factors make thisaatistic:

the number of displays may outnumber the table ®dge
- space is required for users and observers to sit.
- vertical displays can be positioned to optimisevifig) angles.
- physical constraints in the room may prevent pesalggnment.

Systems designed for our problem space must erflaiddeand

fast interaction despite the lack of rectilineaig@ient of the
edges of the displays. In our exploratory environinévo wall

displays are located off the corners of the taldile this may

seem like a minor requirement, its inclusion in thesign space
makes the adoption of many existing interactiorhiégues [1]

infeasible, thus necessitating new designs.

b. Awareness of Input-Output Mapping

In a table-centred space, tabletop input must laeeshamongst
the various displays. Thus, appropriate visualireti must be
provided so that users maintain an awareness afhwdisplay is
being controlled at all times.

c. Contextual Association

Previous efforts [2 ,4, 16, 19] have shown thersgtle of visual
contextual associations in large display applicetidObjects that
are related to one another are drawn together hyisible

“connection” object, which visually articulates tliek between
them. Visual association of related items is paltidy important
as related items are separated across displays.

d. Maintain Direct and Absolute Input Paradigm

Typically, tabletop systems combine a touch-surfadéh a

projected image, calibrated such that the input wisdal space
are directly overlaid. This affords an interfaceen on-screen
artefacts are manipulated by direct touch in arolals one-to-
one mapping. To maintain a single consistent imauadigm, it is
likely desirable to maintain the direct touch ingsityle while

using the interactive table to send input to thelkmy displays.

e. Multiple Granularities of Interaction

A table used as an input device must provide nbt guick-and-
coarse interaction, but also precise control ofilamg displays.
Thus, multiple granularities of input are necessand switching
between these granularities must be simple.

f.  Support for Non-Interfering Concurrency

In collaborative spaces, it is also important thsg¢rs be able to
work on a particular sub-task without interferinghnothers. Two
types of interference must be considered: physidarference,
where one user’s actions physically “collides” wéhother; and
visual interference, where a task performed by user interferes
with the visual display space of another.

4. DESIGN SOLUTIONS

To facilitate interaction in our table-centred mudlisplay
collaborative space, we designed interaction argdialization
techniques to address the issues identified ipteeious section.

4.1 Visual Connectivity between Displays

To provide a sense of visual and spatial continuiyd

connectivity among the various spatially non-aligréésplays in
our interaction space, we leveraged Gestalt priesjpncluding

closure and continuity. On the ancillary displaye wlaced a
repeating pattern on the bottom edge of the scsenmetrical to
the pattern of a proxy to each ancillary displaywh on the
tabletop (Figure 2). Although subtle, this visuabnoection

between the ancillary displays and the tabletopsh& promote a
sense of spatial cohesiveness, and helps to estatbie virtual
topology of the system.



Figure 2. Schematic diagram of our system: the maling
colours and shapes of the repeating pattern on thealls and
proxies on the table allows precognitive connectian

To further reinforce the connection between theews, when a
user comes into contact with the proxy, the intiynsf its colour

subtly increases and decreases several times. Tbisur

throbbing is mimicked by the proxy on the ancillatisplay,

drawing attention and thus strengthening the peecei
connection.

The use of both color-pairing and spatial proxinafythe proxies
is important: each provides a precognitive connégticue, as
well as a clearly distinguishable characteristic fmnscious

Figure 3. Cords are routed between displays via thgroxy
objects described previously. Left: Diagrammatic vew. Right:
Different view with real system screenshots overldi

4.3 World in Miniature (WIM)

Although there exist several techniques that faiglicontrol over remote
surfaces [1, 2, 4], the demonstrated utility [1#tamlar views led us to
explore its use in our interaction space. A radew\s a world in
miniature (WIM) [16], where a remote environmendisplayed in a
scaled format in the work area, and manipulatioitkirwthe scaled
miniature are transferred to the original space &ffectiveness of this
technique has been demonstrated in a similar emént as a
‘coordinated synchronized view' [22]. In our enviment, interactions
performed on the WIM on the tabletop would diredtiypact the
corresponding region of the ancillary display. Tiés several desirable

searching. The power of each may be reduced in somePropertes:

environments: as more screens are added, thedtlistin between
colors will become more subtle, reducing the pop-eifect of
matched coloring. Relying on proximity is also limg, since
some environments may be ambiguous (e.g., if twaillary

displays are vertically stacked, it is infeasitbedistinguish them
by proximity to proxies on the table’s edge).

4.2 Enhanced Contextual Associations

As associated objects become separated acrossydispiere is
an increased need to assist users in understatidingssociation.
In previous work, contextual associations, dubb€dRDs” by

Shen et al. [19], were shown graphically on theesaoreen. We
have built upon their ideas, which were originalflyended to

support contextual menu functionality, and extendiedm to

assist in general contextual association. We hazmtained the
directionality of the relationships, by drawing tassociations as
growing “out” from some point on the underlying ebf, to nearly
encompass the entirety of the sub-object (FigureV@g also

expanded the role of the proxy to allow it to ast a virtual

conduit through which cords could be mapped to rothgplays.

In this design, all cords between objects on diffierdisplays
would begin or end at the proxy for the display which the

associated object was located. Although requirlreg the cords
pass through the proxy might limit visual conneityivacross

displays, this routing enables an understandinth@fconnection
when the display and table are arranged at oddgaiymngles. As
shown in Figure 3, cords passing through the sama&ypare

distinguished by colour. To address the issue sfiali clutter,

cords are displayed for a few seconds when an iassd®bject is
touched and disappear shortly thereafter. Touchipgoxy object
displays all cords passing through it. Althoughatiempt is made
to maintain the visual continuity of the cord bedwedisplays,
having the cords in the same colour, as well azamppy and
disappearing in unison, provides some precogn@izes.

- adirect-touch, table-centric paradigm is maintdine

- fast movement across multiple displays is posdiglsimply
moving between multiple WIMs.

- every point on the remote display is selectableickviis not
true systems [2, 4] that collapse white space atalnjects.

- users can comfortably view and manipulate scrematsnight
otherwise require body contortions while seatettha@table.

WIMs were integrated into the proxy objects, suudt a WIM of

the ancillary display was shown below the matcteegi-circle.

We included a control to display a second WIM wiwdeisually

tethered, which could be freely moved, resized mardted about
the table. Further, we surrounded the WIM with apgical

bevelled edge, shaded to match the colour of tbrypiThis gives
the appearance of depth, providing a window-lile fe the WIM

(Figure 4).

In some systems, a WIM approach is already beird ts control
large ancillary displays from a control terminalings remote
desktop software, such as VNC (www.vnc.com). In wark, we
have augmented the WIM concept with dynamic origraand
zoom control, as well as multi-user telepointerd anmeta-level
zoom to be discussed shortly. Combined, these atims make
the WIM more appropriate for a table-centred cdragystem.

Figure 4.Left: screenshot of an ancillary displayRight:
screenshot of the tabletop, including the WIM viewof the
ancillary display (top-right) and additional proxies and their
WIM (top-left and bottom-right).



4.4 Multiple Control Granularities

When manipulating objects on the ancillary displaysers
typically use the input space of the WIM, but kehpir visual
focus on the larger screen. Because movement inAthé is

exaggerated by the scale difference between thaglagis fine
operations become difficult. To enable fine-grainguerations,
we must reduce the control-display (CD) gain betwte WIM

and associated display, without sacrificing favblgaaspects of
the WIM design. We provide both a manual size airand a
button to toggle between two preset sizes to rethe€D gain.

We also need to provide users with the ability djust the gain
without increasing the WIM's size, since a largeibary display

could mean that even a WIM occupying the entiréetalight not
provide sufficiently fine-grained control. One st is to allow

the contents of the WIM, and the associated disptalge zoomed
and thus increase/decrease the CD gain. Unfortyn#tés affects
the content shown on the ancillary display and icéerfere with

concurrent actions by other users. Our solution teaallow the
user to zoom the WIM view, but leave the view oa tmncillary
display unchanged. By maintaining direct-touch oainivithin a

zoomed WIM view, the result is a reduction in th® @Qain

(Figure 5).

Figure 5. Partial screenshot of tabletop display:
the three stages of a zoom of the WIM.

4.5 Telepointers

As described previously, we wished to facilitate tise of the
WIM as an input-only space, allowing users to use farger,

ancillary displays as their visual focus. Furtheve felt it

necessary to provide peripheral observers not gdestéhe table
with cues to facilitate their understanding of @iems being
performed on the ancillary displays. To supportséhgoals, we
added pointers to the ancillary display: wheneveusar was
touching the WIM, the corresponding point on thecildary

display would show a pointer, as depicted in Figée We

augmented these pointers with a colour coding taquety

identify the actions of each user. These pointarsaiso be used
by participants as a visual reference point forcusion (e.g.,
“look at this”), and also to reduce interferencahwtoncurrent
tasks performed on the ancillary displays, by pting other users
with awareness of the current focus of one’s work.

Figure 6. Each user’s point of contact on one or rme WIMs is
shown on ancillary displays, uniquely identified bycolour.

4.6 Meta World in Miniature

Although the colourisation and positioning of thexy are helpful in
establishing the mapping of WIM to display, we fduthat it was
sometimes difficult to achieve a quick understamaddfi which WIM
matched which display. To improve this, we extentiied WIM to
represent not only a single ancillary display imieture, but also the
system as a whole. To achieve this, we added eottmthe WIMs to
allow the user to “zoom out” to a photograph ofitleek area. The WIM
animates to the approximate location of the phidisplay it represents
(Figure 7). The user can then touch any of thdagisn the photo to
cause the WIM to zoom into that screen. This apgraa similar
conceptually to ARIS [5, 6], where application wiwvgs are
presented iconically in an abstract schematic & $lystem’s
screens. Our approach differs in that the actuaesccontent is
shown, rather than iconic representations, whianase practical
for environments where applications occupy therertisplay.

Figure 7. Top: normal appearance of WIM. Bottom: WIM has
animated to the ‘meta’ level, showing the space aswhole.

4.7 Moving Objects Between Displays

Moving objects between displays using the WIM iscaaplished
by dragging them from one WIM to another, or froriWéM to
the general tabletop area and vice-versa. Figsteo@/s an object
being moved from the tabletop to an ancillary digpiNote that
the orientation of the object changes once it leentmoved off
of the table. Although various orientations might desirable for
objects on the tabletop so that they can, for ekamface a
particular user, once they are moved to an angilthsplay all
users share a common “up” vector, and as such tjecto
orientation is corrected for easier viewing.

Figure 8. An object is moved from the tabletop to m ancillary
display by dragging it onto a WIM view. The orientdion of
the object is corrected once it is placed on the s&cal display.



5. CONCLUSIONS AND FUTURE WORK

We have presented an exploration of table-centiieractive

spaces focused on real-time collaboration, wheterantion with

both tabletop and multiple vertically mounted ladjsplays are
controlled solely from the interactive tabletop.r@ontributions

are twofold: identification of interaction and vadization issues
that arise in the given problem space of singléetap augmented
with multiple ancillary displays, and the developmef a suite of

interaction and visualization techniques desigmedddress those
issues. Coupled with a real-world usage scenarnibuser study,

the end result is a better understanding of hovh salble-centric

spaces can be best utilized for collaborative appitins and a
prototype interface that facilitates such use.

Concurrently with the preparation of the presemgrawe have
conducted two forms of evaluation of our interacttechniques:
the first is the development of an application sci&n the second
is a user study exploring the early learnabilitytiod techniques.
The application scenario is a mock-up of a reaktimonitoring
centre for the New York Police Department, dedidat®e

situational assessment and deployment of policeforDetails of
the application scenario, including feedback frdve New York
Police Department, as well as the results of ther wtudy, are
documented in [23].

In the near future, we intend to further refine oterface and
potentially deploy them in these real usage sedtinye also
intend to integrate our designs with existing ifstees already in
use in these settings. Finally, the next stepshis tesearch
include looking at supporting multiple tables, muatger variety
of displays, and participation by those workingdetplays away
from the tabletop.
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