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ABSTRACT

True multi-user, multimodal interaction over a thgitable lets
co-located people simultaneously gesture and speaknands
to control an application. We explore this desigace through

a case study, where we implemented an applicatfat t
supports the KJ creativity method as used by imdhlist
designers. Four key design issues emerged that lmave
significant impact on how people would use suchudtimser
multimodal system. Firstparallel work is affected by the
design of multimodal commands. Second, individuade
switchescan be confusing to collaborators, especiallpdexh
commands are used. Third, establishpegsonal and group
territories can hinder particular tasks that require artefact
neutrality. Finally, timing needs to be considergthen
designingjoint multimodal commands. We also describe our
model view controller architecture for true mulSex
multimodal interaction.

Categories and Subject Descriptors
H5.2 [Information interfaces and presentatior]: User
Interfaces- Interaction Styles.

General Terms
Design, Human Factors

Keywords
Tabletop interaction, multimodal speech and gesntexfaces,
computer supported cooperative work.

1. INTRODUCTION

Previous systems have explored how existing offstinglf
single user applications can be wrapped in a way allows
multiple people to interact with it over a digitable via speech
and gesture commands [20]. Studies revealed tkatthpeech
and gesture commands can be beneficial as theg ssrboth
commands to the computer and as communication her ot
collaborators [21]. Yet these wrappers are limitgdthe one
user per computer assumption of the underlyingieajibn and
operating system. Multiple people cannot work inrafial
because the computer can only accept a singlavswéaput.

In contrast,true multi-user multimodal interaction recognizes
that multiple people are interacting with it, antiows co-
located people to simultaneously gesture and speakmands

to the groupware application (Figure 1). We explire design
space of such systems through a case study, where w
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Figure 1. A two person grouping hand gesture.

implement an application — the Designers’ Environtne that
supports the KJ creativity method as used by inmdlist
designers.

The Designers' Environment was derived from thresigh

considerations: first, it embodied the KJ creajivitethod as
currently used by industrial designers. Second,ttheslation

of the KJ method to our system was done in parbuigin

participatory design with an industrial designehird, we

developed multi-user multimodal interaction teclugs to

exploit the social behaviours of people workingetibgr over a
surface. The first two methods are routine; whike mention

them briefly, we do not discuss them at length. Batlhe

paper focuses on the third design considerationgreviwe

discuss four key design issues relating to theyieheal factors
of true multi-user speech and gesture interacfidrese issues
are specific to a true multi user multimodal enmir@nt and
provide initial insights into the nuances of apation design:

1. Parallel work: The design of multimodal commands can
greatly influence collaborators’ propensity to eg@ain
parallel work. For example, if the majority of cormnus
were via the speech channel, people may be unwitin
talk over each other, which in turn would favouguential
work.

Mode switching: While a true multi-user multimodal
system provides the potential for independent maoafes
action (e.g., one person is annotating while amoike
moving artefacts) confusion arises when peoplecfondhat
mode they are in. This problem is exacerbated Wligiy
seen and heard multimodal commands that can gherot
the false impression that they are all in the sarode.

3. Personal and group territories: The design of multimodal
commands can significantly influence the establishinof
personal and group territories in the collaborative

workspace [12][15]. By paying attention to how sgeand
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Figure 2. The four steps of the KJ creativity methodimages from http://www.flickr.com/photos/hawkexpress

gesture commands are used, designers can devegmsy
to support or hinder the establishment of persarad
group territories.

4. Joint multimodal commands: The multimodal interactions
of collaborators can be combined into a singletjaiction
(e.g., the joint actions of Figure 1, where onespsris

extending another person’s selection). These comsan

need to carefully consider the time window for joimputs

to be recognized, or erroneous command additiorts an

omissions may result.

In this paper, we briefly introduce the four stegfsthe KJ
creativity method and describe how they were tegad! in the
Designers' Environment. We then present our impieation,
followed by an examination of four behavioural tast that

have been uncovered throughout the developmenthef t

Designers’ Environment. Finally, we briefly examinelated
work.

2. THE KJ CREATIVITY METHOD

We were approached by a group of industrial desggfrem a
consumer electronics company to develop a systeimpgoove

their initial brainstorming activity via the KJ Metd. Designers
and marketers typically use the initial phaseshefkJ Method
to collaboratively brainstorm ideas and concepts few

products, to establish customer needs and to exlotential
product features. The output of the KJ Method lstaof core

needs and features that will be later used andceaefiby

designers in their product sketches.

The first step of our design was to understand<thereativity
method. The paper version of the KJ Method is caagoof
four basic steps as illustrated in Figure 2. Firgtjtiple people
write customer needs, product ideas and commerits 445"
cards (Step 1). Each card can be brief with ortifleg or it can
provide additional details such as a descriptiosh illastration.
Second, each card is randomly distributed by eitherffling
the cards to each collaborator or by shufflingdheds around a
table and having each person work on the cardsatieatlosest
to them. They then group together similar ideas pites (Step
2). Third, piles are labelled according to the rieledh that they
represent (Step 3). Finally, collaborators reldte totes by
drawing links between groups and creating metajmgou
representing common themes (Step 4).

3. THE DESIGNERS’ ENVIRONMENT

As a case study of a true multi-user multimodaltesys we

prototyped a groupware system for the KJ methotl It co-

located people work together over a digital tabid aersonal
tablet PCs. Our system is called The Designers’ iénument,

and we see two people using it in Figure 1. Muitipeople
create, group, label and relate digital notes usipgech and
gesture commands; these are summarized in Table this

section, we describe the physical form factor ameractions
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for each step in this process, and how we leveratped
capabilities of true multi-user multimodal interiact

3.1 Creating Notes

Notes are the basic unit of the KJ Method. As shawfRigure
2 (Step 1), people create paper notes on 4x5” c&idslarly,
the Designer's Environment supports the creationbas$ic
digital note. However, it also allows people to useaote’s
contents to search the web for related images rfiodniation,
and to create new notes based on search resullsplglpeople
can do all these actions in parallel.

The basic note:Each participant independently creates digital
4x5” cards through a pen-based Tablet PC runningnote
writing application (Figure 3). They can quicklyetkh and
hand-write ideas, needs, descriptions and illusmatonto this
card. When complete, they send the card to theadligible by
tapping a ‘Send to Table’ button (Figure 3, tophtjg This
automatically places the note in a random locationthe digital
table, thus mimicking the shuffling of cards of t& Method.

Searching and importing images and web page®eople can
also import their digital images or snapshots df wages into a
note; while not part of the KJ method, we belielies textra
information could help people’s discussions. Imaged web
page content capture experiences, emotions, anckptsthat
may be hard to express through words or illustrafi®].

People can use two methods to achieve this. Fitste person
already has a saved image handy, he or she can alrag
previously saved image into a 4x5” card, previewd an
optionally resize it, and then send it to the tahte before
(Figure 3, the note in the =
background). Second,
person can search fo
appropriate web conten
for related images or we
pages and import those
One hand writes the
search terms on a not
and then taps a ‘Web’
button (Figure 3, centre)
to begin the search.
Handwriting recognition |-
translates the writing into
machine-readable  text
and feeds the result int(l _
Google Image Search
The web page of results is
displayed. At this pomt
one can continue
navigate the web to a
particular web page or image by navigating linkicking the
‘Web’ button a second time captures the image dr page on
the 4x5” card, which can then be moved to the tablece on
the table, all images can be resized as needed.

a(, ClAFV

ShaPQ

quure 3. Tablet Note Writing
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Recognizing note contents and using it for searchegfter a

note is added to the table, its text is automdyigalocessed by
a handwriting recognizer and the result is storednata-data
along with each note. People can reveal this dgtaeveral
means. Pointing to a note and saying “show recimgriit
temporarily raises a popup containing the recoghirext.

Alternately, one can transform one or more handeritnote
into text by saying “[point to note] recognize thisr saying

“recognize all notes”.

People can also use the note’'s meta-data of rexegjtext to
search for information related to a note’s conte@tse searches
for related images through the multimodal commajpaitit to
note] find related images”; this triggers a webrskean Google
Images using the terms in the recognized text. Taate is
projected onto the digital table. As was done anttblet, the
person can then follow links until a desired welgeaor

Table 1. The Designers’ Environment speech/gesture anface

Gesture commands
One finger (on

Speech/Multimodal commands

[point to note] Reveals the text Moves note or

Show recognition recognition result a note/group) group
for the selected
note
Recognize this Converts a note One finger Creates a
[note] / all notes into text (Empty space) lasso group
[point to note] Find Opens a web One finger Draws labels
related images browser with the (annotation and links
note text as a mode)
search query
[point to note] Converts a web Two fingers Zoom
Convert to note items into an note/group
image
Annotation Mode  Allows one to Five fingers Moves group or
draw links/create workspace
labels
[select group] Deletes the One hand Erases
delete this selected group annotations

Select <say note
text> / this [note]

Group selected
items

[select group]
Arrange / Sort
Alphabetically

Restore [group]

Selects a note

Converts selected
notes into a group

Tiles items within
a group (sorted
alphabetically)

Returns items in a
group to their
original position

Two hand sides

link this [note]
to this [note]

zoom this [note]
/all

Make this

[group]
<say a colour>

Create group
between hands

Creates a link
for two notes

Zooms the
camerato a
note / all notes

Changes the
group colour
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Restore

Figure 5. Expanding and collapsing groups

specific image is found, and then convert that imtoew note
by saying “convert to note”.

3.2 Grouping Notes

The second step of the KJ method is to group @ mElated
notes on the table (Figure 2, Step 2). Groupinguigported
through several gesture and speech actions onigftal dable,
as illustrated in Figure 4 and described below.efcourage
discussion and coordination between collaboratdrgrouping
is done on the digital table rather than through Tablet PCs.
All grouping actions can be done simultaneouslyntyitiple
people.

Groups are visually represented using a light gl color
(red, green, blue and tan). Each highlighted colepresents
the individual that created the grouping. This nsakeclear
who created each group, which can help facilitagerl
discussion.

Hand bracketing and lasso grouping: People naturally
explore item grouping by moving related notes nextach
another. They do this on our table by using alsifigger to
move either single notes or previously establisigedups.
Participants can then explicitly group each noteeiblyer using
two hands to bracket an area (Figure 4, top lefthy using a
single finger to draw a lasso around the desirddsng@Figure 4,
top right). In both cases, notes within the corgdimrea are
automatically included in the group selection. As aside,
notes can overlap so they look more like piles (Fig4,
bottom left). These groups can then be moved arthumtable
by using five fingers (a grabbing gesture) or bings single
finger on an area within the group that does nataia a note.

Alternately, an empty group or pile can be credtgdhassoing
or hand bracketing an area containing no notesedNcan be
later dragged into this area, which automaticaltiudes them
in that group. Empty groups can be deleted usiegftelect
group] delete this” multimodal command.

Searching notes by speechSometimes, people may want to
find and select a note that is out of reach, caldrg other
notes, or lost in the clutter. To help in theseesa®ne can
find notes using speech. Recall that a note’s haitdwr
contents are recognized and stored as meta-dath).(831der
the covers, this meta-data is also automaticallgeddto a
speech recognizer. When a person says “seleay note
text>", the note that best matches that text is highéighwith
the users default colour (Figure 4, bottom righ@urrently,
our recognition system works best if the entireencdntents
are spoken verbally. We realize that this is hardd for notes
containing large descriptions, and that it doeswaoitk over
images and illustrations. A future system woulddfirfrom a
better speech search system.

Multimodal selection and grouping: Sometimes, people
may want to select and group distant notes thaseaétered
around the table. They do this by first selectimg @r more
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Figure 6. Group Annotation Methods: table annotatim
(left), adding a group title (right)

notes with speech (described earlier) or by doimguitimodal
selection: “[point to note] select this”, and theaying “Group
selected items”. All selected notes are then mantxda single
neatly arranged group. People can collaborativetgrel each
other’s selection, as illustrated in Figure 1.

Rearranging groups: Next, people can rearrange notes in a
groups through multimodal speech commands, eitheeveal
the hidden content of overlapping notes (as in feidy left) or

to bring distant notes within a group closer togetfas in
Figure 4, top right). When one says “Arrange group$mooth
animation sequence re-arranges these notes asvedagping
adjacent tiles as seen in Figure 5 (right). Arrahgetes can be
returned to their original location by using the &Rwe group”
speech command (Figure 5, right).

Sorting notes within a group: The “Sort alphabetically”
speech command rearranges a group’s notes int@tafibal

order. As before, the “Restore group” command retutme

group to its original position. Non-textual illugtions appear at
the top left corner of a sorted group.

Panning / zooming: As an aside, there may be insufficient
space on the table to arrange all notes and groups.
Consequently, we allow the entire workspace to bened
using a 5-finger gesture, and zoomed with a 2-firggesture in

an empty area (85.3).

3.3 Labelling Groups
The third step in the KJ Method is to label growpsl areas
with a descriptive name (Figure 2, Step 3).

Labelling groups is supported in two ways. Thetfirethod is
to write the label directly on the digital tablerface using a
finger (Figure 6, left), and the second is to aemispecial title
note through the Tablet PC (Figure 6, right) and thad to the
table.

s, 5

Make
this red

Colour Coding

Figure 7. Two methods for relating notes and groups

Linking

Tabletop labelling: A person creates a textual label (and other
marks) on the digital table by saying “Annotatiorodié”. A
yellow border appears around the digital tabledating that a
mode change has occurred for all users. From thiat pn any
person can write and draw on the table with thieiger, or
erase through a whole hand erasing gesture. S&mgptation
Mode” again exits that mode. Marks always appeap ather
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table artefacts, i.e., notes and groups. The céistni is that
tabletop annotations cannot be moved. If a group
repositioned, any corresponding tabletop annotatimust be
erased and drawn again. While restrictive, tabldatyelling is
at its best when regions of the table space casptie into
theme areas.

is

Tablet labelling: Alternately, people can use the note writing
application on the Tablet PC to create speciak‘titbtes’ that
can become incorporated within a group. One swétdbetitle
notes by pressing a title note toggle switch (Fég@r lower
middle); the color of the note changes to dark agjila white
sketching, as with normal notes the person créhtetabel and
presses the “Send to Table” button. Once on thie,tabtitle
note can be placed in a group and moved along with
However, title notes have special features. They aways
placed on top of other notes (Figure 6, right). Wigeoups are
re-arranged, either spatially or alphabeticallyle tinotes are
always placed as the first item in the top leftneor

3.4 Relating Groups

The final step of the KJ Method is to relate grog@pgure 2,
Step 4). Typically, people draw links between efatotes, and
spatially create meta-groups that represent comimemes. In
the Designers’ Environment, people can performelegions
through public speech and gesture commands ovedigital
table. First, related groups can be moved closgethter.
Second, meta-groups can be created and links bhetwee
contained groups can be drawn. Third, groups anesnman be
emphasized by resizing them or by colour codingmthe
highlight common group themes.

Arranging and emphasizing groups within the workspae:
As mentioned in 83.2, groups can be moved and eesia
affect their visual prominence. Because this usuallys into
spatial constraints, people can also pan the wadespnd zoom
into areas to see more details. To view the costehf single
group in high detail one can select the group amd“goom
this” to see a smooth animation enlarging the grtmifit the
entire screen. To restore the view so that allate visible on
the table users can use a “zoom all” speech comnTdng one
can zoom in to inspect a group in detail, and theom out to
move it to other related groups. We should mentivat all
workspace pan and zoom actions are global, andatest the
entire table area.

Creating explicit meta-groups: Explicit meta-groups can be
created in much the same way as groups are crebbedl.is,
people can create meta-groups by using two haras sicound
existing groups (left) or they can lasso aroundstéxy groups
using a single finger (right). Meta-groups behageregular
groups and can be easily moved with a single firgeran
empty area or with five fingers over the entireugro

Linking notes and groups: Notes and groups can be linked
using the annotation functionality of the Desighers
Environment. A person says “annotation mode”, drehtdraws
lines linking related items; these lines will dyriaatly follow
the notes and groups they are connected to. A pearao also
use a special multimodal command “[point to no@gy] link
this [point to another note/group] to this” whelee tnote is
selected using a single finger (as illustratedigufe 7, left). A
directional arrow is drawn on the destination nodgroup to
reinforce the order of the hierarchy.

Colour coding groups: Finally, groups with similar themes can
share a common colour. By default, groups are giverdefault
color of the individual that created it. To modifye colour of a



particular group, a person selects it with a sifigiger and says
“make this say a colour” (Figure 7, right).

4. DESIGN ISSUES

During our development we discovered a number cligte
issues specific to true multimodal co-located systeMany of
these design considerations repeatedly occurreithgdusur

development, thus we argue that our descriptiothege issues
will provide insights for future designers of trumulti-user

multimodal groupware systems.

4.1 Parallel work

As mentioned in the introduction, the primary bénef a true
multi-user multimodal groupware system is that thegognize
that multiple people are interacting with it, amey can allow
co-located people tosimultaneously gesture and speak
commands to the groupware application. However,faund
that the design of multimodal commands can graaflyence
collaborators’ propensity to simultaneously intéragth the
system. Some of the factors that affect parallekvioclude the
effect of using of voice commands, the work area,sand the
gesture size.

The effect of voice commandsThe computer is able to isolate
and recognize the speech of multiple people becaash
person has their own microphone connected to sepapaech
recognizers. This means that multiple people
simultaneously issue voice commands to the syst€he
problem is that voice commands are also a veryipuatation:
all voice commands are audible by others in théabolative
process regardless of their current activity. Yigbiiactice social
protocols  discourage  collaborators  from
simultaneously over each other. Thus while theesysallows
parallel activity, people may choose to work sediadn
instead. To mitigate this effect, we argue thatigless of
multimodal systems should avoid using voice comreafuot
those actions that are likely to be done simultasbo by
multiple people, but that they should use voice mamds when
people are likely to interleave their utteranced][2For
example, the KJ Method encourages people to joindowtes
simultaneously. While we could have used voice gad@n for
rapid entry of notes, this may have inhibited sitamous entry.
Instead, we chose to let people enter notes usipgnaon the
tablet as this method lets people easily engageairallel
individual work.

The effect of small work areas and large gestures on
individual work: People often work on highly individual tasks,

even when working together towards a common goal. A

gestural interface, especially one that requiregelagestures
over a small table, may affect people’'s ability do their

individual work in parallel with others. Other'sgjares may be
distracting or simply get in the way. On large &hlwe know
that people create personal work areas, which makesier to
pursue individual wrok. [10][14][15]. In our cadbg table was
somewhat small. Thus we gave people individual 8abBICs

that serve as personal work areas, where peopieitisecreate
and publish notes. More generally, we argue thaigders can
increase the amount of parallel work by ensuringt tbach
collaborator has enough space to serve as a pémgoriaarea.

This could be part of the table, or it could beepagate device
as we have done.

The effect of gesture sizeGenerally speaking, manipulating
artefacts on larger work surfaces require largstuges, e.g., as
people move items, or when they group a large Betotes.
This is beneficial as large gestures are more leisib other
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can

speaking

collaborators; they involve more motion and oftexolve the
movement of the entire arm. This produces consdiglen
communication that others can use for
coordination [9]. However within the context of pkel work,
this awareness can distract from individual corregiun. Large
gestures — in addition to requiring more time tonptete — can
shift the attention of collaborators away from thairrent task.
Conversely a smaller gesture could result in actibasare less
visible to others. A balance must be struck betwientwo.
Designers wishing to increase parallel individuairkvcould
benefit from using smaller gestures. If designerishwto
increase collaboration and communication, they ¢dwenefit
from using larger gestures For example, consider tihio
methods of creating labels in the Designers’ Envinent. The
annotation method encourages collaboration, ahas¢o write
in large letters directly atop the table. The tabeethod
encourages individual work, as it uses a smallugesarea for
writing on the tablet that is generally hidden frathers. As
another example, the large five finger gesture riwoving
groups is more visible than the one-finger gestorenoving a
single note. This makes sense, as the group moveyh&tep 4
should inspire more conversation than note placewkgtep 2
(Figure 2).

4.2 Mode switching

Since true multi-user multimodal systems recogniadtiple
people, each person can potentially be working switching
between separate individual modes. For example, pamson
could be in an ‘annotation mode’ while anothemisi‘moving
mode’. While seemingly beneficial, we encountererbe key
issues that made individual modes difficult for tipié people
to understand; these are described below.

Public voice commands: Some voice commands trigger
individual mode switching, while others could traggglobal
mode switching. The problem is that one person’sce/o
command is heard by others, and this may mistakgig
others the false impression that they are in tineesaode. For
example, they may believe that the mode switcHdbaj when
it is in fact individual, or that the mode switchhea$s not affect
them when it is in fact global. One solution usksdy stated
voice commands that result in global mode switqeeg., the
‘Annotation Mode’ or ‘Zoom this’ speech command)hile
favouring gestures for commands that result inviiddial mode
switches (e.g., moving and/or scaling a note).

Mode Visualization: If modes cannot be avoided in the design
of a true multi-user multimodal system, some modaraness
is crucial to avoiding confusion regarding indivddumodes.
This is usually done by altering the appearancéhefobjects
affected. In distributed groupware, modes are offeggested
by overlaying mode information on the telepoin¥gt in direct
touch environments such as a digital table — wizeggen or
finger directly interacts with the digital displayinformation in
the immediate vicinity of the touch point can beladed by a
person’s hands. One partial solution slightly dfsthe mode
visualization so that it is not occluded by the dha24].
Another solution could highlight what objects oreas are
affected by a user’s touch. For example, we alreszdy how a
yellow border around the table’s perimeter is usedark the
global annotation mode (Figure 6, left).

Global action awareness and interruption:Global actions on
the table, while often necessary, can be problematiey can
be extremely distracting to others, or can leadhanges that
others do not want. We suggest two ways of mitigathese
problems. The first method is to increase peop@iareness of

awareness and



another’s global acts. We do this by leveraginglipuspeech
commands and by using large gestures.
consequential communication that others can

leverage large whole handed gestures, and take ttimdo.

Item containers are areas of the digital surface used to hold
Both produceitems, and can include tools for sorting, labelliogganizing
use for and relating the contained items. To encourageudsson, we
coordination [9].Continuousglobal workspace manipulations

identified the person who made the group by cotprihe
container with that person’s colour. Yet this carstakenly

Discrete commands unfold over time rather than done all at give the impression that these containers are a&opalt

once by invoking an animation sequence so the radtées
time to unfold. This increases their visibility.c®ad, we allow
others to interrupt a global action when they do agree with
it or if they want to discuss it further. They cstop a person in
the middle of a continuous manipulation, or toubh digital

table to stop the animation of a discrete manijpariat

Artefact modes: The behavioural characteristics of an artefact

should try to match people’s expectations. Confusiam arise
when people expect modes to extend only to thdaatteFor
example, people using the Designers’ Environmepeeted to
be able to write annotations on groups and havem thmve
with the group.
“Annotation Mode” where annotations would resideaitayer

above other artefacts (such as notes and grougsys,T

annotations would stay in place even if a group mased. An
alternative may have been to provide a gesturegglé switch
to allow a single finger to annotate over a group.

In summary, we already know that modes in tradiion

interfaces should be avoided, although this is hardlo in
practice. The same is true in multi-user multimoggdtems.
Designers should try to avoid introducing modethdy can. If
modes are necessary, they should carefully congideple’s
mode expectations,

visualized on the surface.

4.3 Personal and group territories

We already know that people naturally establistsq@eal and
group territories in the collaborative workspace2][15].

Consequently, the design of items,
interactions on the workspace can have a signifitapact on
how people establish these territories. In thigigeave take a
closer look at our artefacts and how they affecttteies on the
digital surface.

Items such as individual images, notes, or illustratioas be
rotated to establish personal and group territoSésdies have
shown that in collaborative work, people often tetitems
towards themselves in their own personal terrigrigzhile

items inside a group territory are typically rothtén a

compromised orientation that all collaborators oead [12]. In

some cases, the designer may want to promote bie &8 a
group territory by hindering the establishment efgonal item
territories. This could be done by limiting the aton of

artefacts to a single orientation. For examplecesithe goal of
the KJ method is to treat each idea as equal, bmoitaors sit
along a single table side and organize notes usicgmmon
orientation (Figure 2). This practice is replicatén the

Designers’ Environment.

Item size on a digital table also has an impacgrlits visual

prominence influences the amount of attention éeiees from

collaborators [15]. For example, since we had khiscreen
real estate in our implementation, individual notegre

cropped to remove any blank space not occupiedlogtiokes.

Thus each note would consume a minimal amount afesc
space on the digital table. In practice howeves, thade notes
with lots of text more visually prominent. Ideas wi@ have

been treated more equally if all notes were theessige as they
are in the KJ Method.
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Instead, our system provided a @lob

how they understand each other’s
multimodal mode switching actions, and how modes ar

item containensl a

territory, and that others should not manipulaseciintents. In
practice, container marking and location on theletatan
profoundly affect how they are viewed as persorgl group
territories.

4.4 Joint multimodal commands
Joint multimodal commands are commands issued Hipheu
people that overlap (or interleave) with one anotinetime.
There are two types of joint commands: Independeinit
commands and dependent joint commands.

Independent joint commands happen when people interact
simultaneously (but independently) to achieve atjaiction
that might otherwise require several sequentigbsstiey one
person working alone. For example, in the Designers
Environment it is possible to move groups and ton plae
workspace at the same time. Two people can worktheg to
move a group to an off-screen location, e.g., ocersgn could
pan the workspace to the left to reveal an unused as the
other person moves the group to that spot. Thdtrssthat two
people can move a group faster than a single iddali could
on their own.

For independent joint multimodal commands to wqr&pple
have to time and coordinate their actions closEby this to
work, the system must be very responsive. It haaninate
changes in what seems like real time (so peoplap@topriate
feedthrough of the other person’s actions and tiegustate). It
must also carry out commands with no delay. Usihg t
example above, if a person tries to drop a groutha®ther is
panning, lags in either the panning or in the dmofion could
result in the group being misplaced.

Dependent joint commandsexplicitly leverage the (speech and
gesture) inputs of multiple people as a single camunto the
system. For example, Figure 1 shows an instancgoiof
grouping in the Designers’ Environment. Two people are
selecting notes simultaneously: the woman usesadnamand
“select this [note]” while the man uses a hand keting
gesture and says “group selected items.” The esultris that
the items selected by the man with the hand brackefesture
and the single item selected by the woman will bentmined
into a single group. Under the covers, the inteilen
multimodal grouping command searches for selectictions
made by other collaborators within a 5 second tioles and
adds them to the current grouping command.

When dependent joint commands are used, it cariffiiti to
achieve appropriate timing for closure. Usually njoi
multimodal commands accept input from collaborateithin a
time window of several seconds before and after jdiet
command has been issued. short joint command window
could result in collaborator’s inputs being missedhe joint
command. Consider Figure 1, if the man said “groelpcted
items” before the woman had finished adding the ikasn to
the group a new group would be created with an it@ssing,
and the woman'’s selection would still be active.cborect this
action, one would need to undo the selection angertiee note
to the newly created group. kng joint command window
could result in a collaborator’s input being inatddby mistake.
If the woman in Figure 1 wanted to create a sepayedup with
her multimodal selection this input might be erromgy



included into the man’s multimodal grouping commaia

correct this action one would need to find the neiin the

newly created group, remove it and reselect ithsd it can be
added to a new group. The timing of such joint imddal

commands will vary depending on the nature of th@mands
and the kinds of interactions seen in practice.

5. ARCHITECTURE

While our primary goal is to consider design issuegrue
multi-user multimodal groupware systems, we algola® how
we implemented such a system to benefit future egyst
designers.

A common approach used to support multiple people
simultaneously interacting over artefacts in a stiaworkspace
in distributed systems is to use a model-view-algr (MVC)
architecture. Items on the shared workspace amedston a
single machine (model) and can be manipulated bitipte
people working over separate computers (contrgliansl they
can view the shared workspace on their own scregées). As
illustrated in Figure 8, we leverage the model-vizwtroller
approach to support multiple co-located people gisipeech
and gestures in the Designers’ Environment. All tbe
individual notes and their respective groups/liaks stored in a
dictionary of key/value pairs: this is the modeig{ie 8, row
3). Notes can be created using multiple Tablet P@d
manipulated using gesture and speech input, thesethe
controllers (Figure 8, rows 1&2). Collaborators calaborate
over a shared view on the digital table or they ¢@w notes
and manipulate notes after the meeting on a stdndesktop
computer, this is the view (Figure 8, row 4).

5.1 Model

To allow simultaneous input from multiple peoplethe co-
located setting we first need a common model fonimaating
data across multiple input devices and computess.stire all
note hierarchy information in a dictionary of keghve pairs
using a distributed networking toolkit (the GrouplLa
Collabrary [3]). This networking toolkit stores alhote
information on a common shared sever. It allowgrithsted
and local controller applications to modify valueghin the
dictionary and provides notifications of updatediues to
subscribed view applications. As illustrated belowme store
each note and image as a separate key value pairkey
represents the note/image number and the valuaiosrthe ink
strokes/image data serialized to a byte stream. r€lagions
between notes are stored in the dictionary as arat&p key
representing an ID and a value containing two dbjés
(notes, groups, images, etc) for starting and endindes.
Groups contain a list of items, item positions amegjion
information describing the bounding region anddassints.

a

/note/1 = [ Ink Strokes ]
/image/ 2 = [ DesignSketch.jpg ]
/1ink/3 = /note/16, /inagel/7

/group/l/items = /note/l, /image/2, /group/4
/group/ 1/itenPositions = (X1, Y1), (X2,Y2),
(X4, Y4)

/group/ 1/ Region = (X, Y, Wdth, Height, Lasso)

5.2 Controllers

To support public and private actions in a multimodo-
located environment we need to provide collabosateith a
variety of interaction options (as illustrated iige 8, row 1).
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Handwriting recognition opens up new interaction
possibilities for those used to pen and paper iaspibssible for
people to leverage more capabilities of computéfs.perform
handwriting recognition using the Microsoft TabRE SDK to
convert each written note to text form. The rectigniresults
are used in speech selections (e.g., “select tintiedows”),
note conversion (e.g., “recognize this [note]”) ameb search
queries on the Tablet PC or Table (e.g., “[poinnhtae] find
related images”). The most likely result is plaaxia search
query (to Google Images) into a browser window whtre
user can then click on links and images as desit#d.the
Tablet PC when a user clicks on the Send to Tabt®rwr
when a user says “convert to note” on the digitddld, the
system checks if the current web address is ananlag is an
image, it sends that image to the server. Otheriisses the
GroupLab Collabrary [3] to capture an image of tvab page
and sends the image to the server. As well, thesirdkes of a
note are serialized for transportation using thbl§taPC SDK
and sent to the server.

Speech CommandsThe speech controller is tightly coupled to
the contents of the model, where the speech voagbls
extended on the fly to include the recognized téxtew notes.
For example, if someone uses the Tablet PC to auduteawith
“halogen headlights” as the contents, this will eg@pin the
model and the speech command vocabulary will barded to
include a “select halogen headlights” command. lar o
implementation, speech commands are recognized from
multiple people using noise cancelling Labtec LVA30
headsets connected to individual Tablet PCs. Isis possible
to recognize the speech of multiple people usintiipte sound



cards. From the software perspective, we use G8ldJ@2] a
toolkit for gesture and speech interaction in owated
environments to send the speech recognition redutis
multiple tablet PCs to the server hosting the nagealnchy (our
model).

Gesture Commands: Three basic functions are needed to
support simultaneous artefact manipulation by rmpldtpeople
on a digital table display. First, multiple simuleus inputs (at
least one per user) need to be detected by thtéaldigble.
Second as discussed in 84.1, the digital table mpustide a
reasonable amount of space for people to engagmrallel
work. Finally, the digital table must be able taeteine the
person generating the touch if user identity ibd¢oused in the
application (e.g., for the multi-user multimodasion described
next). In our implementation we originally chose tge a
Diamond Touch table to detect multiple simultaneaysuts
from multiple people. However, we wanted a largihle size
so that three or four people could have their owon n
overlapping personal space for object manipulatiar.this we
chose a 148 x 116 cm Double Diamond Touch diggtaliet [23]
as illustrated in Figure 9. This one-off table coisgs two
standard Diamond Touch table, where it is treated aa
contiguous surface. Finally, the digital table aisovides user
level identification, as illustrated by the diffatecoloured
boxes in Figure 9.

Multimodal Fusion: The speech and gesture actions of a single
person or multiple people can be fused into a simgimmand
(Figure 8, row 2). Our system provides two typesnaftimodal
command fusions: multimodal command unions and exgde
multimodal commands.

Multimodal command unionsombine only a single speech and
gesture input into a command e.g., “select thistd}io

Multimodal command unions must include all appragi
speech and gesture components before it will bedfuend
passed on as a single command. If either the spmeghsture
components are missing for a multimodal commandmnrihe
actions are ignored. For example, if the systenogeizes a
“select this” speech command and no one is poirtting note
then the command will be ignored. We extend thetimodal

command unions presented by Cohen et al. [6] to l&-oser

setting by allowing others to include their speecid gesture
commands as input to a multimodal command union.
discussed in 84.4, this can result in recognitioors if people
are engaged in parallel work and do not intendoimplete the
multimodal command of their partner. For exampleyaatner
may be moving a note at around the same time anp#reon
says “select this”. We mitigate this issue in tways: first, we
allow others to complete a multimodal command aifilthe

originator of the command does not complete it imitla

reasonable amount of time. Second, we only allomenst to
complete a multimodal command after it has beenenpadlic

through a speech command, thus any prior
manipulations are treated as parallel work.

As

Aggregate multimodal commandsn accept multiple speech
and gesture inputs of multiple people, e.g. Figughows one
person saying “[point to note] select this” whileother says
“group selected items”. The issue of parallel woik
exacerbated in the aggregate setting because griomands
also need to be considered as input. For examiée ptior
selections in Figure 1 could be used as input éogiouping
command. Our approach is to have a short (and mizdble)
time frame where the input of others can be indiiddso
discussed in 84.4.
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To implement multimodal fusion we use GSI Demo [2@]
collect the speech and gesture actions of mulppleple into a
single computer. We then fuse the speech and gesttions of
multiple people (based on the rules described gbhave

commands.

Turn taking policies can be used to avoid conflicts when
multiple people try to manipulate the same object
simultaneously. For small items we used a firsspemwins turn
taking policy. E.g., when multiple people try to veoa note at
the same time in the Designers’ Environment, ttst fierson to
come in contact with the note must release it leefithers can
manipulate it. This policy allows people to movegealts around
the display without the fear of others manipulatthg object
under them. Conversely, for global workspace maatmns
(like panning described in §3.4) we used a lassgrewins turn
taking policy. E.g., a panning action can be intpted by
placing five fingers on the table. In practice, tmesnflicts are
resolved by social protocol; our turn taking pdii are
designed to merely to assist the social procesadyrused over
physical tables.

5.3 Views

The purpose of the view is to present a visuabraif the
model (in this case the note hierarchy) for codeda
collaborators (Figure 8, row 4). A shared tabletopw is

beneficial in the co-located environment becauspleecan see
the digital content and the body language of othagthe same
time. If a shared view is used it should providdfisient

resolution for multiple people to manipulate artéfa in

parallel. As illustrated in Figure 9, we use twojaaént
1024x768 LCD projectors aligned along the long eplgeluce
a total resolution of 1536x1024 on the digital éabBoth

projectors are connected to the server and thedismays as
treated as one large display. This resolution iicsent for

viewing and manipulating around 50 notes on thétaligable

but would be difficult to manage over 100 notes hwiit

scaling. The view also provides a seemingly inéindigital

workspace so that people do not feel constrainedthey
resolution limitations of the digital table. We @ke this in the
Designers’ Environment by allowing people to zoomividual

notes or the entire workspace (83.4).

Animations: In the co-located environment, the view should
provide smooth animations to avoid the jarring @#e of
artefacts disappearing from a users view unexpbctdebr
example, the “group selected items” would be canfygo
others who might be manipulating a selected ndtas twe
smoothly animate the movement all of the selectdainto a
new compressed group. Similarly, global transitisnsh as the
“zoom all” command smoothly animate the scalinghef entire
workspace.

Desktop reviewing: After the steps of the KJ method have been

artefact completed in the co-located setting, collaboratoey wish to

review groupings and notes at a later time on tlwin
desktops. To support this, we provide a “save mhigearchy”
speech command that saves the current note higrewch file
(Figure 8, row 3). The model can be later loadeithgushe
“load note hierarchy” speech command or using d&exd on
any desktop computer. Items can still be viewed and
manipulated using the mouse if desired.

Piccolo Direct3D: In our implementation the view is achieved
using the Piccolo Direct3D toolkit by Bederson et[3]. This
toolkit provides a high level software applicatiprogrammer’s
interface that allows notes to be efficiently remde using
graphics hardware accelerated primitives and tegtuiThis



toolkit also provides tools to simplify the aninmati of notes
within the digital workspace and provides cameranrag and
zooming tools that make it trivial to develop a qmaiing
zoomable workspace. Piccolo Direct3D provides tbelst
needed to create a smooth, responsive, and visapfigaling
user experience with the Designer’'s Environment.

6. RELATED WORK

Computer support for designers: There are many tools
designed to support informal brainstorming by desig (e.g.,
Cognoter [7], Smart Ideas [SmartTech.com], PReSS [&dst
existing systems are designed for a single persmkimg with
a keyboard and a mouse for jotting down ideas, avr &
distributed group to work together. For example, 8R¢5] is
intended solely for real time distributed interaoti While
Cognoter is intended for people located in a meetomn,
people contribute ideas by typing them on individiamputers
which then appear on a large wall display [7]. tidges of this
system, users had a tendency to focus on their diaplay
rather than looking at the shared large display].[T®her
brainstorming systems are more oriented to grougisiba
support, and they typically demand a rigid and farprocess
that must be followed exactly. This has proven feative for
the informal brainstorming and sharing of ideasduse the
early stages of design [19][11]. Indeed, Buxton atrhthat the
informal nature of sketches is crucial to creatiesign practice

(4].

KJ method: The KJ method is an established design practice,

and several research systems have been desigeeggort this
practice digitally. GUNGEN by Yuizono, et al. [2f}ovided

support for the KJ method in a distributed envirentwhere
distance separated collaborators could still engdge
collaborative brainstorming using a keyboard andugeo
interface. The implementation of this system isyv@milar to

Cognoter [7].

Hybrid physical and digital interfaces: Several researchers
have explored the use of hybrid physical and digitgerfaces
to support design practice. The Designers Outppstiemmer
et al. supported a mix of physical and digital iatdion as
designers’ could write on individual sticky noteslahen have
a camera capture the notes as they were placed apright
SmartBoard [11]. Lucero et al. extended this intioacfor
creating mood (or emotion) boards on a digital gably
mounting a camera above the table [12]. The carnetdd
capture images, magazine articles, and other pdlysigjects
placed on the digital table by momentarily turnthg screen a
green colour and performing background subtractionthe
image.

Multimodal co-located interaction: A handful of systems have
also explored how multiple people can interact \sipeech and
gestures, although these were done over existingiesiuser
applications rather than over true groupware systdrge et al.
explored multi-user interaction over geospatial lipfions
such as Google Earth, Warcraft Ill and The Simg.[ZDese

systems could not support parallel work as they ewer

fundamentally limited by the one user per compagsumption
of current operating systems. To work around thistation,

Tse et al. [23] explored a split view setting whieve computer
displays would be projected onto a shared digisdletop.
Collaborators could work in parallel because theyeweorking

on separate computers. However, they could notgeniggjoint
multimodal commands and interactions across display
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7. CONCLUSION

In this paper, we presented an initial exploratitto the design
and implementation of a true multimodal co-locamdtem.
Our focus was on the behavioural affordances atia multi
user system. Using this case study we exploredessshat
future designers of multimodal co-located systerheukl
consider. We also described our architecture fonagang
simultaneous speech, gesture and pen inputs frottiprau
people and multiple computers. Our goal is that Would help
to further the design of future multi-user multinabdystems.

As a system, the Designers’ Environment shows menwWhile
we did not do a formal study, we did present thei@eers’
Environment to our industrial designers. They comiae that
they enjoyed being able to touch the table andrantewith
notes. They reacted positively to the featureshefDesigners’
Environment not available in their physical papettisg (e.g.,
sorting). Our designers also provided useful sufmes for
features that our system could provide, some whigre
incorporated in the version of the system repoireithis paper.
Future work includes continuing the participatorgsign
process with our industrial designers, to includéerhierarchy
logging and playback, support for different filerrfmats, the
ability to easily include physical media, and toalenate the
refined system in practice as designers use itréongtorm
actual product ideas.

As a case study, the Designers’ Environment helpgediscover
issues specific to the true multi user multimodavieonment
that reveals some of the nuances of applicatioreldpment
and provides insights to future designers of trudtimuser

multimodal systems. Of course, we have barely cleat the
surface of such systems. From the multimodal catkxt
perspective, we would like to explore the use ofrogpeech
vocabularies for things like dictation for note tvrg, searching
and web browsing. Other multimodal input devicesldobe

brought to play. There are questions about how weldvlink

such a multi-user, multimodal table to an equivaldistant
table and group (called Mixed Presence Groupwa8§.[1And

of course, we need to explore how the design isswegioned
in this paper extend to other true multi-user mudtilal system
designs and to include technologies such as a tigiel wall

display for peripheral information.
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