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ABSTRACT

Our god is to pro~ide took to support wortig meetings On
an electronic w’hitebom& c~ed TivoE This paper de-
scribes how we have inte~akd strucmd “dofi obj~~”

into the whitebonrd environrnen~ Domain objects represent
the subject matter of meedngs and can be exchanged be-
tween Tivofi and group databases. Domain objects can be
tailored to produce m=ting tools that ~e fiely tuned to
mmting practims. We destibe the fac~ty for tiering and
mana=tig domain objects and tie user intetiace techniques
for blending these into tie whiteboard environrnen~ We
show examples of both spmtic and generic meeting took
crafted horn domain objects, and we describe a long-term
we study in m’%chthese took support an ongoing work
process.

Ke~ords: wtiteboard metaphor, pen-based systems, freeform
interaction, impticit s~ctur~ infoti systems, recognition-bm~
systems, fist structures, meeting support took, ges~ intefices,
user interface desi=~ tiombtity, customization, object+rientd
user interfaces

1. INTRODUCTION

Our god is to provide computational support for wortig
meetings, in which s~ groups of people collaborate in
r~ time. By ‘%’ortig meeting” we mem group interac-
tions that work with a large set of knowledge material
(assessing, discussin~, or~e~, negotia~g about he
materirds, cr~ting new materirds, etc.). Group interaction in
such situations is freewhmhg and fluid. Further, such
meetings are us@y part of a larger work process in which
there is a bowledge base of materi~ that is used between
meetings. During a ~ven meeting, ody a relevant “working
set” of materirds is needed to effectively conduct the meet-
hg.

Groups often use whiteboards in meetings to provide a
shared %isud surface to represent the materi~ they are
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wortig with and to preserve a shared context. Pen-based
computationrd systems that Wow scribbling and gesturing
on wd-size displays can support a whiteboard metaphor
for wortig meetings.

We have been wortig for several years on a program of
research to provide computational meeting tools based on a
whiteboard metaphor. Our idea is to Mow freeform crea-
tion and manipdation of materials on the whiteboard and to
provide factities to easfly organize and structure the mate-
rirds as needti by the group.

Our program of research is based on the LlveBoard [3], a
large, shared, pen-based electronic (rest-projected) display.
This provides a whiteboard-size interactive display that
dews us to experience and experiment with “group-
computer interaction” in a way not possible with smaller
displays, such as worbtations. We have developd a sofi-
ware application, cded Tivoli [16], that simulates
whiteboard tiction~lty on the LiveBoard (or any other
d~play). Tivoh provides basic pen-based scribbling and
editing with pen-based gesturing and tiping techniques. b
this paper, we use the term “boar&’ to refer to an interactive
elecmonic whiteboard.

We extended Tivofi [12] to Mow “impticit structuring” of
the matend on the board. Materird is created on the board
in a freefom manner, which means that anything can go
anywhere without constraint. However, the user can indi-
cate by certain gestures that the material is to be regarded as
temportiy structured in some manner, e.g., as handwritten
texL Tivofi W then apply tiiting operations in accordance
with the conventions of that structure, such as opening and
closing space where needed when moving words around.

We then extended Tivoti by developing a set of simple and
natural techniques for helping users spatitiy organize mate-
nd on the board [11]. The most important is to provide
ways to group materials into regions on the board. We
provide for both rectangular regions and for freeform en-
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closures of any shape. Tivofi can thus tit structured op
erations to the regions in which they are invokd

These gesti pen-based techniques restit in a flui~ grace-
M user interface that integrates the informfity and
flexibility of the whiteboard metaphor witi the power of a
graphical editing system

k this paper, we btid on the user interface and structuring
features of Tivofi by adding a fac%ty for hanfig new
kinds of objects, &tiin objects, in Tivoh. Before this, ~
of the matefids on the Tivofi board have merely been
graphical objects, whose interpretation or relationship to
other data exists ody in the minds of the users. For exam-
ple, suppose a group’s current action items were exported
from a wortiow’ system as a prioritized kt md read (as
simple text) onto the Tivoh boar& tien users in a meeting
edi@ erase~ addd, and rearranged the action items on
the board The restiting board image wotid bear no rela-
tionship to tie action item entities in tie wortiow system
However, by representing the action items as domain ob
jwts, these entities can be imported into Tivofi,
maniptiated in u gestiral whiteboard sole during a meet-
~g, ~d hen fie res~~ (~o~~ ~d r~~g~

priorities) can be exported back to the wor~ow system
Thus, domain objects represent the subject matter @e.,
domain of knowledge) of m~tings. We use domain objects
as the medium of exchange with repositories of work
how~edge. We are able to tier speci- domain ob
jects as meeting tools that are tuned to partictiar contents
and processes of meetings.

This paper proceeds by first focusing on our own work
motivating and describing our desi=~ of the domain obj~t
facfity. We present an example of a working meeting that
motivates our approach (Section 2), which we genetie to
a set of objectives for the facfi~ (Section 3). We contrast
our approach with others (Section 4) and then dacribe the
domain object fac%ties in deti (Section 5). We show how
domain objects can be tiered to support different types of
meetings (Section 6). Then we show how we have incorpo-

rated domain objects into a longitndinrd case study of a rd

work process (Section 7). Fintiy, we step back and discuss
severrd issues of our approach and compare it to other work
(Section 8).

2. E~MPLE OF A WORKING MEETING

Consider an acturd working meeting at P~C (in May
1995). It was the fifth in a series of meetings. In the first
four, dtierent groups brainstormed a set of 34 scenarios for
a system being desi=med.The god of the fifth meeting was
to select a few scenarios for further study. In the previous
meetings, scenario descriptions were captured on Excel
spreadsheets, which were consohdated into a single fist. In
the fifth meeting, however, the group quicUy abandoned
the spreadshee~ since it was too difficult to see the overall
picture and too awkward to manipulate.

kstead the fist of scenario names was imported into TIvofi,
in a four-column forma~ so that rdl the scenario names
cotid be seen at once (see Figure la). The group spent 50
minutes discussing the various scenarios, moving the names
around to group them into categories by similarity, and then
selected six of them for further work. The result of this
work @igure lb) is a complete rearrangement of the items,
plus scribbled annotations.

The group faced a chdenging task and the method of
accomplishing it was not understood at the beginning of the
meeting. Once they started moving items in Tivofi, the
strategy and process came naturrdly, which involved a lot of
physical manipdation (over 50 item moves). Severrd criti-
crd features of the tools made this meeting effective

● A representation of previous work was needed as a
starting point.

● The materials needed to be easily and freely manipu-
lated on the 2D surface of the board in order to
discover a satisfactory categorization.

● Handwritten annotations were intermixed with the
initial texturalmaterials.

. The items and annotations were spatially arranged into
regions of stiar items. The circled numbers were
used to indicate when clustered items made sense.

*

figure 1. Tvoli Board for the Scenarios Meeting: (a) initial state; (b) final state.
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● Qtego~ armotations were used to help artictiate tie
stiarities and Werences among the groups.

. Representative items u;ere selectti by coloring tiem
red (shown as boxed items in Fl=we lb), and the over-
M pamem of the selections was assessed.

NTotethat the materirds on the board were treated as a set of
objects to be arranged and uotati and that this was the
mtium for carrying out the work that had to be done.

3. OBJECTIVES FOR MEETING TOOLS

From this example and other experiences with TivoM in
diierent meetings, we forrmdated objectives for the desi=w
of a facfi~ for meeting tools on m electronic whiteboard

1. The system must be able to represent the se~tic
conteti of meetings, tie things meetings are abou~ We
encoded tiese ‘tigs” as domin objects, i.e., objects
that represent meanin=- entities in the subject matter
domain that end users ti about and consciously
work wifi

~ The domain objects must be connected m“th the-.
“wortiase” (e.g., database, document management re-
pository, wor~ow system] usd outside of meetings.

3. The domain objects must be incorporated into a white-
board style of interaction (rapi& easy, pen-based and
gesture-based) to suppom and not inhibi~ the way
meetings work

4. The whiteboard representation must include info-
scribbled annotations as weu as domain objects, since
m~tings never stay within the confines of a formrd
representation. The main user interface issue is to ef-
fectively accommodate the blending of smtired and

fieefom materi~ on the board

5. The system must be able to tite~ret the 2D spatial
arrangement of the domain objects on the board for
the spatird arrangement is the visible shared represen-
tation meeting participants use to develop a shared un-
derstanding.

6. The format and behavior of the domain objects must be
Iailorable to the Special n- of different meetings.
Meetings are not isolati events, but are part of a
larger work conten We there are genetic q=ts to
meetings, most efficient m~tings are characteti~ by

adopting practices that are tuned to the work to be done
in the particdar work contefi

4. APPROACHES

There are several different approaches to the desi=~ of a
meeting tools facfi~c

1. Use standard &stiop-styk so&are ?ools. IWe users
are f~ar uiti these tools, annotations are tictit to
do. The tools are rigid and usdy not adaptable to nn-
expecti turns that take place in meetings.
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2. kport snapshots from standard tools under a freeform
drawing layer, such as can be done with Meeting-
Board.l This makes annotations easy, but the contents
of tie snapshots are not manipulable.

3. E&ed the desktop applications within a freeform
whiteboard environment using an object embedding
technology such as OLE or ActiveX [2]. The workbase .
objects are manipulable and editable within the em-
bedded application, and annotations can be made
around it However, this can result in a confusing mix
of user interfaces (dtierent UIS for different applica-
tions); and the whiteboards freeform manipulation
techniques cannot be used within the embedded appli-
cations.

4. Use domin objects in a freeform whiteboard environ-
men~ The difference from the previous approach is that
semantic data is packaged into objects in the white-
board application- Thus the domain objects are treated
as whiteboard graphic objects, and the whiteboard user
interface is extended by tiering the domain objects to
have speci~ed behaviors appropriate to tieir use.

Note that in this paper we use the unmodified term “ob-
ject(s~’ to refer to domain object(s).

5. THE DOMAIN OBJECT APPROACH

We have implemented domain objects as tiorable graphic
objects in Tivofi. Domain objects are si~cant at two
levels: (1) as a part of an architecture that Wows Tivofi to
participate in a larger collaborative support system and (2)
as new user interface techniques in the Tivoli whiteboard

,,

environment.

Architecture of Domain Objects

The architecture is ~ustrated in Figure 2. We assume some
kind of workbase (e.g., Lotus Notes) to persistency store
the materials of a co~aborative work process. People can
interact with this workbase with various cfient applications
on their desktop workstations, thus providing asynchronous
coordination of individud work through the workbase.
However, desktop applications are not effective in meeting
settings; Tivoti is a more appropriate user interface. While
we can put and get Tivofi fdes (contilng editable page *
images) from the workbase, these fdes are a separate repre-
sentation from the other data in the workbase. The issue is
how to use the Tivofi user interface with this other data.

The strategy we fo~ow is to provide a script to import data
from the workbase and translate them into a set of domain
objects and page layouts in a markup file, which can be
read into Tivofi. The meeting participants interact with
Tivofi, manipdating the objects with the whiteboard user
interface. The altered objects are then exported and trans-

‘ Meetin@oard @ve\Vorks, kc.) is tie whiteboard Droduct
basedon Tivoti.

1.



figure 2 Architecture of Domain Objects

lated back to the workbase representation Thus, the restits
of m=ting activities are my inte~ated into the workbase.

Tivofi has facfities for representing, defig, and managi-
ng domain objects. A domain object is a cluster of data
representing a work entity (a documen~ an actiom a person,
an id- a proposal a note, etc.). fich object has a class
and a property (atibute-vdue) hs~ There is a class defi-
tion lan=wage for sp-g the s~cture, appearance,
behavior, and interpretation of objmts of each class and a
markup lan=~age for laying out domain objects and other
graphic objects on Tivofi pages- Thus, to tiy Mor Tivofi
to a partictiar style of m=ting, one has to crmte domain
class detitions plus import and export scripts.

For example, consider how doti objects might be used in
the metiag in Section 2. There m’otid be object classes for
the scenarios and for group and category labeh. Scenario
objects wotid be imported from the spreadshee~ Partici-
pants w’otid manipdate the scentio objects and create
label objects in the meeting. The labeled and selecti sce-
narios wodd then be exported back to the spreadshee~

Domain Object Definitions

We frustrate the way domain objects are defied and used
by m example shown in Flame 3. Four domain object
classes are defined in Figure 3Z bbel, Task RegionSu
md UiedSm The simplest is a bbel objec~ which just
has a name. A Task object has four propertied id, duration,
name. and assi=gnee.Domain objects appear on the Tivofi
board as graphic objects, c~ed views, whose appearances
are defied in view layouts in their classes. A Task has two
view layouts: viewl shows just its id and dura60n, whereas
view’2rdso shows its name. Fl=~e 3b shows 22 Task ob-
jects. They are M displayed as viewls, except for TS,
which is displayed as a view2. The fi=we Ao shows four
bbel objects in four regions. Note that tie fourth label, in
the fieeforrn region, has a scribbled name.

figure 3a. Domain Object class definitions

class Label (name)
viewl: name

class Task ~d, duration, name, assignee)
viewl: id duration
view2: id duration name
computed value of assignee

get name of Label in my region
actions

right in viewl + change to view2
left in view2 + change to viewl
up on duration + duration = duration + 1
down on duration+ duration= duration-1

class RegionSum (sum)
viewl: “RSum=”sum
computed value of sum:

add up durations of Tasks in my region

class LinkedSum (sum)
viewl: ‘LSum=”sum
computed value of sum:

add up durations of Tasks linked to me

figure 3b. Domain Object instances on a ~voli board.

I —.

Task objects have specitized behaviors in response to
gestures on them2, as defined in the actions in Figure 3a. By
making leftward or rightward gestures on Task views, the
user can control how they are displayed. h Figure 3b, the
user has “expande~ the view of Task TS by a rightward
gesture. Mso, by gesturing upward or downward, the user
can change a tasks duration vrdue. Note that the fust WO
gestures work on specfic views, while the other two ges-
mes work ody on the duration field (i.e., gesturing up on
the id field has no affect). The general form of an action
de in Tivofi class definitions is:

view, @eld gesmre + action

2 ActuWy,on heir views. It is oftennatud to refer to a view as
ifit weretie objectitse~, and wedo so fiquenfly in tis paper.
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Objects for summing up durations are dso defind in Fig-
ure 3a A RegionSum object has a sum property, which is
computed dynrunicdy by a forrnd% which says to add up
tie duration v~ues of ~ the Task objects in tie Iocd re-
gion. This computation is spatidy loc-ed to be relative
to tie spatial position of the RegionSum objec~ For exam-
ple, there are two RegionSum objects in Fi=we 3b, one in
tie region labeled “Team & and one in the region labeled
‘.Outside Constitan~7’ The computed sums change dynami-
dy as the user moves objmts on the board between
regions. For example, if Task T4 were dragged to the Team
A regio~ tie RegionSum there wotid jump to 24; and if the
RegionSum object in the Team A region were draggd to
the Team B region, it wotid show 13.

Tivofi supports computations based on spatial relationships
— such as containmen~ location, relative position, and
~~e _ on a fieeforrn whiteboard environmen~ For
exumple, a LinkedSum object is shown in F1.we 3b, which
adds together the durations of Tasks Wed to i~ wore
detis about the mechanisms of spatird computation are
presented in 114].)

Note hat computations based on spatial relations inte~ret
rhe sigmfimce of zhe qatil arrangement of objects on
the board md encode them as vrdues of object properties. A

better example of this is tie assign= property of Task ob
juts, which is computed dynamic~y by fiding a Label
object in the same local region and getdng its name prop
erty (see Fl=we 3a). For example, the assi=ww value of T5
is .Team W, if T5 is dragged to the region below, its as-
si=~ee v~ue ~~~ change to ‘Team B“. H the name of any
Label object is changti then the assignee properties of
Task objects in the same region are fio changed. H these
Tasks had been impoti from a project management sys-
teu hen these assi=ments cotid be exported back to the
project management system

me v~ue of these mechanisms M be seen as we consider
how this facfity is used to create meeting tools.

6. MEHING SCENARIOS

Ti’e used meeting scenarios to drive the desiam =d devel-
opment of the domain object facfities. Based on years of
e~erience in observing and supporting meetings with
Tivofi, we chose several specfic mmting scenarios. These
meedngs involved budSeting, decision making, presenting,
reviewing, interviewing, and brainstorming. lVe cr~ted
specitied meeting tools out of domain objects to support
&ese scentios. Ifre dso btit took to support generic
m~tinS activities, such as managtig agendas and timing,
-g ~n~ce, no~~g, r~or&g acfions, etc.

h this section we present a samptig of these to fius~te
how domti object meeting tools can be integrated into the
activities of a meeting.

Budget Meeting Scenario

The tools for this kind of meeting are easiest to understand,
because the behavior is like a “freefom spreadsheet:’ This
domain consists of cost items organized into budget centers,
which are both represented by objects. The gord is to ar-
rmge the cost items to fit the budgets. See Figure 4.

Cost item objects have a succinct view, showing only a
(truncated) name and cost. These are distributed among
different regions, which are labeled with budget center
objects. Doing a hold gesture on a budget center pops up an
overlay view that documents the class. Figure 4 shows an
overlay for the GR budget center. It shows the four parts of
a budget center objecc a name, a computed sum of cost
items in its region, a target budget, and a computed variance
from the budge~ It rdso shows that gesties can alter the
target budge~

The meeting proceeds by manipulating cost item objects to
etiate the variance. Cost items can be moved between
budget center regions and the lower row of regions, where
they are not charged to any budget center. Note dso that
scribbled annotations are Aowed, and they do not affect ●

the computations.

There are additiond computations that interpret the m-
rangement of objects. Each cost item has a budget-center
property, which is computed by getting the name of the
budget center object in the same column, and a charge-to
prope~, which is computed by getting the name of the

,.”.

budget center in the same Iocd region. Moving cost items
to the lower row of regions result in a charge-to of nti, since
there are no budget center objects in those regions.

Decision-MaKng Meeting Scenario

Decision-making meetings are concerned with evrduating
and choosing among dtematives of some type. In this sce-
nario, the dtematives are projects; and the god is to choose
a subset of the projects to fund within the budget (the units
me percentages of headcount).

DD4540s———

X(GW 10
——. —
Zmm 15—— -——
ti&Pc 7

Sm hftit 3

wloup x 2———.—— .

——
Pc@k 15—.. —

* Clc

figure 4. ~voli Board for the Budget Meeting Scenario.
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figure 5. Tivoli Board for the Decision-Mating Meeting
Scenario.

A proj=t object contains seved properties. The fist view
of a Projwt object is a wide one-her showing many of
these properties. These can be arranged in a vertical k~
S= Fi=me 5. This meeting involves fist reviewing the
proj~ts. A double-tap gesture on the Kst view of an object
a=tes an overlay with an expanded view of the project
object’s da~ as shoum

Fr&hand motations can be made on the boar~ such as the
stars marking certain projects in Fi=me 5. The project ob-
jects in the fist a be mandy rearrangd one simply taps
on a project objut to select it and drag it up or down. When
release& the objects %Wadjust (opening and closing space)
to keep it a neat k~ The annotations move with the objects,
b-use tie impficit smcture mechanisms in Tivofi work
with dl graphic objwts on the board (see [14] for deti).

It is sometimes usefi to sort the projwts. An updown
geswe on any field of a project causes the projmt fist to be
soti according to that field This sorting is animated so
the users can better comprehend the actioq and again, the
annotations are sorted with the project views.

~ dris scenario, meeting members vote on the projects.
This is supportd by vote objmts. The ‘Vote” button at the
top of Fi=we 5 is scripted to create a set of vote obj~ts and
place them to the right of each of the project objmts, as
shown. Votes are r~orded by gesturing on tie vote objects
to increment (or decrement) the vote counts. Gesturing up-
down on a vote object causes them to be sorted, carrying
tie project objects and annotations witi tien

Finally, the choice of partictiar projects is recorded by
gesturing on them An up gesture on a project selects i~ a
single action that resdts in its status property being set to
“’selecW, its view changd to red to vistiy distinguish i~
and its cost added to the budget summary object at the top
of the page. (Stiarly, a down gesture deselmts a project)

Generic Meeting Tools

The scenarios above i~ustrate that meeting tools vary from
the spectic to the generic (e.g., from project objects to cost
item objects to vote objects). There are many generic ele-
ments to most meetings, and so we found it useful to define ‘
generic objects for these agenda items, action items, peo-
ple, notes, votes, labels, etc.

Usudy the most specirdiied element of a meeting is the
spectic subject matter being discussed, such as the projects j
in the decision-making meeting or the scenarios in the
meeting in Section 2. At the ex~eme level of generality we
found it interesting to create a “thing” object that can repre-
sent any kind of thing being discussed. The generic thing
object is useful, for example, in a brainstorm meeting where
things get created by scribb~ig on the board. Scribbles can
be encapsulated into a thing object by a box gesture. The
things can then be arranged, marked with label objects,
assi=~ed to people objects, voted upon, etc.

Another generic element in meetings has to do with timing.
We have a clock object that holds the current time. Our
generic agenda items can be simple or timed. A timed
agenda item has a planned time (which the user can set and
adjust) and an acturd time (which is computed by using the
clock object). The agenda item objwt warns tie users (with
an audio action) when the actual time approaches the
planned time.

Another use of the clock is in proportional timing. In a
mwting that has to process a number of items (e.g., a con-
ference program committee meeting), a timing summary +

object keeps track of how many items have been processed
and computes and displays a prediction of when the meet-
ing d end based on the current rate of processing.

Generic tools can be useful by themselves in some meet-
ings, but they are probably more useful as starting points for
tiering. We next present a case study, where we started ‘ ‘-
witi generic tools and evolved a much more speci~ied
and tiely tuned set of meeting support tools.

7. CASE STUDY 1P REVIEW MEETINGS

For several years, we have been supporting the inte~ecturd
property process at P~C by providing Tivofi meeting
suppo~ plus audio capture, indexing, and salvaging tools ‘
[10, 13]. The central activity in this process (documented in
[10]) is an ongoing series of meetings that review invention
proposak @s) by rating and ranking them. After the do-
main object factities were sufficiently complete and we had
some experience designing both specirdized and generic
meetings with tiem, we designed a set of tools for the P
review meetings. These meetings have a rich structure and
practice, which wi~ become apparent as we describe the
took (also see [10]).

The workbase for intellectual property is btus Notes. We
wrote a script that imports from Notes the working set of
information needed for a given review meeting, defines a

300

.—. — -—
e. e .—

,_r-.—



..
.—. ——.— —— . -— --—— —_. .,L

set of domain objects, and lays them out onto severrd Tivofi
pages. There is a page of attendees, an agenda page, pages
for recording notes and ratings for each P review~ a page

for ranking Ps (cded a Mer), and provision for dynti-
cdly creating new pages for notes on ~s not on tie agenda
Being able to ~fly navigate within and between these

pages is crucird, and Tivofi has a jump action that can be
ti~Sered by gestures (usuMy down ad up for forward ~d
backward jumps).

The main subject matter in these meetings are ~s, repre-
sented as P objmts, which consist of a dozen properties
(about a page of texturalinformation for each ~). The set of
Ps need to be worked with in a number of tierent ways,
and so many Merent views are defined agenda views, tide
views (on review pages), smti ladder views, plus larger
views for displaying W of m Ps information on overlays
(Stinr to Fi=we 5). Anotier remon for mdtiple views per
object is that it makes it my to propagate chanatig infor-
mation, such as the ratings, to different pages.

The a~enda page is simply a fist of P agenda views (sMar
in appearance to the fist of project views in Fl=we 5). The
agenda can be edited, e.g., by making scribbled annotations
or dragDtiS PS around to reorder fie fisq de na~gafion

gestures fo~ow the edited order. Gesturing down on an R
in the agenda jmps to a page for revietig that W.

An F review page @l=me 6) contains four regio~ a tide
region, a button region, an action item region for generating
find actions, and a notes region for co~ecting notes and
actions. The tide region contains an F tide-view, which
shows tie ratinS value, and buttons to jump to the agenda
and ladder pages. The rating is set by tapping on the various
objects in the button region.

The main activity in the meetings is the discussion of each
~. The notes region supports the co~ecting of notes during
tie discussion. Notes can be scribbled in this region and
converted to note objects. However, tbe preferred method is
to take notes on a laptop and to beam hem into Tivofi,
which hen creates note objects and appends them to the fit
of notes in tie notes region. Notes can rdso be re-beamed if
tiey have been further edited at tie laptop. An inter~ting
feature is fiat the b~ed notes contain tie times they were
created (which is used later to control playback of tie re-
corded audio [13]), and the note objects have a property for
these times, shown as the fide clocks in Fi=-e 6.

me action item region is used at the end of the discussion
to create my actions to folow up. Actions are recorded by
scnbbbg in MS region. Tapping on tbe Action Item label
causes d scribbles in this region to be scooped up into a
new action item objec~ which is appended to the notes
region. The notes region is Dpicdy long and not visible on
tie board when actions are scribbled tius a tiny view is
dso created in the Action Item region (see action “l& in
Fi=me 6); gesturing on this view causes a M overlay to
POPup in the Action Item region. An action item object has

figure 6. ~voli Board with an 1P Review Paae. Some tefi
is “enc~pted”to mask proprieta~ data. -

a field for the “assignee.” Tapping on this field brings up a
menu of people to assign the action to. Mtematively, a
person’s name can be scribbled on the side and dragged
onto the assi=~ee field (which dso causes a new person
object to be created).

At the end of the meeting, it is often useti to gather rdl the
action items generated during the meeting into one place to
review them. The naturrd place for this is the Attendees
page Figure 7), which contains a list of person objects (the
possible attendees). Gestures on these allow people to be
marked as present. The names of unanticipated attendees
can be scribbled and converted to person objects. A “Show
Actions” button causes the current action items from the
various review pages to be displayed as tiny views manged
next to the people they ae assiewed to. Gesturing on one of
these causes an overlay to pop up (see Figure 7). An action
can be reassi=wd by simply dragging it onto another person
object (the action item object then automaticrdly scoots to
the end of the person object’s row).
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~gure 7. Tvofi Board with an 1PAttendees Page.

FinNy, there is the ladder page Fl=me S), which is a map
of W current Es in a partictiar technolo=~ area (not just
tie Fs being reviewed in the meeting). SW F views are
used so hat an overview can be seen. Gesturing on an E
view brings up a ~ display of the P on an overlay. The
page is divided into regions with rting label objects
~N, .W, ‘%Tew”,‘Wolr, etc.). ~ views - be moved
around by drag=tig, and Tivo~s impficit structure mecha-
nism maintains the fist structure. h Ws ranking is
computed dynamicdy, as explained previously, horn
where it is positioned on this page (using botb its region’s
label and its position in the fist). Scribbled annotations cm
be made an~here on the page- Gesturing down on an P
causes anew page to be created, where notes on that ~ can
be taken, action items ~ be creat~ andor its rating
changd

These tools were designed and evolved over a hti dozen P
meetings starting in October 1996, and they have been in
continual use since then, during which time ody minor
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Hgure 8. RvoIi Board with an 1P Ladder Page.

302

changes have been made. The tools are finely tuned to the
practices of these meetings. Further changes would involve
changes in the practices. For example, we thought it would
be useful to be more expficit about rating criteria, and so we
experimented with a ‘Rting Criteria” object (shown in
Fi=we 6); while useful in a couple of cases, it is not used
most of the time.

These tools were developed in an “evolutionary engage-
ment’ [10] with the participants in the P review meetings.
Observations of the meetings and discussions with the par-
ticipants show that the tools have resdted in severrd
improvements in the meeting processes:

●

●

●

●

The relationship among large sets of items is easily ma-
nipulated and explored, while rdl present can see and
participate. Prioritilng Ps on the ladder is a qutilta-
tively better activity. The rearrangable agenda enables a
better-planned meeting-
Mormation is relievable when needed without being in
the way when not needed. The detis of older Ps can
easdy be popped up in the ladder page as needed.
~ormation created or altered in one location is propa-
gated to other locations. The ratings can be seen on
several dflerent pages; the action items can be gathered
toge~er for a fi~ review.

Notes can be taken and indexed on old Ps that are not
on the agenda for the day. New review pages can be eas-
dy created from the ladder as the discussion
spontaneously focuses on old Ps.

We W of these activities are supported with the tailored
meeting tools, they exist in a whheboard environment,
where the meeting can always revert to scribbled notes
when the specitied tools are not appropriate.

8. DISCUSSION

Now that we have described the domain object fac~lty and
how domain objects me used as meeting tools, we can step
back and reflect on our objectives (fisted in Section 3) in
designing this facfity.

Connecting to the Workbase at the Semantic Level

Our first two objectives were to represent the semantic
content of meetings and to connect to the workbase at this
level of conten~

It is apparen~ as we show in Figure 2, that Tivoti can con-
nect to the workbase by simply putting and getting files
with editable page images. The problem is that this repre-
sentation is not compatible with other fle representations in
the workbase, and thus any information has to be mrmudly
transcribed between representations. The connection is at
the document (or page) level and not the object (or “item”
or “fiel&) level of information. Tivofi has rdways been
capable of having text elements on the board that can be
freely moved around on the board. The problem is that the
si=~cance of this 2D arrangement is lost in converting it
back into a texturalrepresentation (a string of chmacters).

.—.-.
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Other systems, such as htus Notes, Mow interaction with
the w’orkbase at the ‘tield lever by having a database of
.’objects”’ that can be presented in different interactive
views. But h’otes does not offer a whiteboard-style view
that can be used in mmdng settings. The system that is
closest to ours is Dolphin 11S], which rdso uses the Llve-
Board. Dolphin offers a neat solution integrating the
synchronous work in a meeting with the asynchronous work
outside of meetings, but does this within a partictiar hy-
p?mtia model of nodes and ~.

Our approach is to integrate with a variety of ~erent
workbases md to present a whiteboard-style user interface
in the meedng setting. We do tis by translating the data at
an object level for presentation and by providing a facfity
to interpret the spatird mrangements created in tie meeting.
b this way, we can connect with any workbase tiat has an
appropriate API at the level of objects.

Designing Rnely Tuned Tools

Our &d and fourth objectives were to provide in the
meeting setting a freeform whiteboard user interface that
blends informrd scribbkg and annotations witi structured
domain objects. We have explored a varie~ of user inter-
face techniques to integrate domain objects into TivoWs
whheboard enviromueng and we have developed some
desi=w pticiples for tiering meeting tools with the d~
main obj=t fatity.

Domain objects behave Wy Me any other ~aphic objects
on tie board in Tivofi. h addition, they are responsive to
special gestures. b tiering such gestures we employ stan-
dard user interface design principles. Gestures are invisible
and dms must be rememberd We found it helpfi to use
certain gestures Consktendy, e.g., he hold ges~e for

bringing up documentation of an object’s class behavior (as
in Fi=we 4) (cf. [q) and the double-tap gesture for brin=~g
up further information about the contents of tie partictiar
objwt (as in Fl=we 5). To * gestures feel nti, the
principle of “gesture compatibti~ is relevang such as an
up gesture invoking an increment action, a right gesture
invoking an expansion of the view in a rightward direction,
or an updown gesture invoking a sorting operatio% where
the objects in the fist shtie up md down as the sort is
animatti

Scribbles md domain objects are weu integrated. Users
can, of course, scribble anywhere on the board around
domain objects (as in Fi=mes 4, 5, and 8). These objects
and scribbles work ~ogether in TivoFs imphcit structure
mechanism For example, the scribbld annotations in Fig-
urz 5 move witi the project views when the project ~t is
sortd Scribbles made on the board can be incorporated
into do- objects in various ways. Any set of scribbles
a be converted to an object by a box gesture around the
scribbles (the same technique as used in Dolphin [1S]).
Domtin objects can be tiered to “absorW scribbles that
are dragged onto tieir views and to “pm scribbles in their

spatial regions (which other systems cannot do). Al these
techniques Wow users in meetings to easdy shift between
loose and structured modes of expression.

Our over~ design strategy for using domain objects as
meeting tools was to stress the use of board pages contain-
ing overviews of sets of dah This reties on the flexibility
of the domain object view mechanism, rdlowing multiple
views of dtiering detail. The principle for information
presen~tion is to get as much information as possible on a
page using s~er views out dow users to pop up more
information as nded), to use dfierent pages for different
arrangements of information for different purposes, and to
Mow easy navigation between these pages. The ~ Review
case study provides evidence that this is an effective
strate=~.

Using and Interpreting 2D Spatial Arrangements

Our ~ objective was to Mow the free use and interpreta-
tion of 2D spatird arrangements on the board.

Our strate=q of providing overviews of information Wows
users to sw the interrelationships among objects. By pro-
viding easy ways for them to rearrange and organize objects
on the board they can explore new relationships. 2D spatird
relationships — containment adjacency, relative position,
ti=men~ clustering, etc. — are the mdlum of expression
and exploration. Our abfity to have the system interpret
some of these spatird relationships Wows us to capture and
encode semantic relationships that would otherwise be
impfici~ h doing this we are btiding on and inte~ating
with the previously-developed spatial interpretation mecha-
nisms in Tivofi [12, 11].

A distinguishing characteristic of our approach is the use of
a range of 2D spatird relationships, as opposed to node-link
structur=. Dolphin [1S] Mows users to create relationships
by expressing them in node-~ structures and graph repre-
sentations. This fo~ows in the hypertext tradition, which
str=ses e~licit W.3 hdeed, in our own experience, from
NoteCards [4] to Viki [S], it took us several years of expe-
rience and exploration to fi~y appreciate that 2D layout
was usudy a more expressive and more compact repre-
sentation than node-~ graphs and to understand that 2D
spatial managements cotid be usetiy interpreted [17],
even though the relationships are more impticit and subtie.

Tailoring Specialized Meeting Tools

Our fid objective was to provide fac~ities for tailoring
specirdiied meeting tools. We provide a scripting language
for de-g the structure, appearance, and behavior of
domain object classes. Our language has most of the ele-
ments of the Ovrd [7] system (objects, view, agents, links),
but in a much simpler form. Ye~ in a stia way, we find

3 So-c~ed “ids proc~sing” applicationsdso focus on expficit
node-W representations, e.g., the “mind maps” of Inspira-
tion [5].
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that tis language ~ows for the creation of quite a broad
range of meeting tools. Our fafity is much more specia-
lized than Ovrd in being integrated with a sophisticated
whitebomd environment witi spatird organization, manipu-
lation, and interpretation capab%ties.

Tailoring is a cosdy activity. It is possible to craft meeting
tools from scratch. Our view is that one wodd be=ti with
some generic meeting objects, such as those in Section 6 we
used to create the ~ Review tools (Section 7). We have
identied a few generic objects, but here is a lot more to
do 10attain a po~shed set of meeting btiding blocks.

h~ost meeting support tools are g~ed to a pardctiar task
or process, such as gH31S[1] for issue discussion, or a suite
of ~erent processes, such as GroupSystems [15] or
MeetingRight [9]. These tools tend to be intentiontiy quite
restrictive, so as to -tide a normative process. Our ptios~
phy is that tools are better adopted if they can be tuned to
existing practices, at least initi~y. B@ding tools on a
tiorable foundation provides the flexibfity to do ~. k
our fa~ty, tiering must be done by reworking class defi-
nition scripts, which must be done betw=n meeting% that
is, tools are itemtively refied over a series of meetings. We
have not provided any interfaces to ~ow class definitions
to be edited in a meeting. Though this is a possible course
of investigation%we do not think this is a good use of
meeting time. bstea~ we provide the fletibfity in the user
interface for wortig around the immediate titations of
the tools in a meeting by informrd scribbtig, thus providing
nn e~erientid basis for improving the tools. Our long-term
experience in the case study in Section 7 has shown that this
is an eff=tive way to evolve both tie tools and the meeting
practices ~10].

9. CONCLUSION

JVe have shown how to integrate structured domain objects
into a freeform whiteboard user interface. This integration
is use~, because it flows us to work in meetings in a
~vhiteboard style with data from structured workbases.
Further, these domain objuts are tiorable so that they can
be tuned IO sp~c m=dng practices. This increases the
amount and qtity of work that is possible in a m=dng, as
shown, for example, in our case study. These kinds of im-
provements are possible when tools can be tiered to weu
understood and predictable meeting practices. lVhen meet-
ings tie unanticipated turns, users can sfide into f~ar
informrd methods of scribbbg. The abfity to do this de-
pends on tie smooth blending of structured and informrd
user interface techniques (which are discussed in more
detail in a companion paper [14]).
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