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working with and to preserve a shared context. Pen-based
ABSTRACT computational systems that allow scribbling and gesturing
Our goal isto provide tools to support working meetings on on wall-size displays can support a whiteboard metaphor
an electronic whiteboard, called Tivoli. This paper de- for working meetings.
scribes how we have integrated structured “domain objects”\y/a have been working for several years on a program of
into the whiteboard environment. Domain objects represent..caarch to provide computational meeting tools based on a

the subject matter of meetings and can be exchanged b&jitehoard metaphor. Our idea is to allow freeform crea-
tween Tivoli and group databases. Domain objects can b&;sn and manipulation of materials on the whiteboard and to

tailored to produce meeting tools that are finely tuned to .46 facilities to easily organize and structure the mate-
meeting practices. We describe the facility for tailoring and rials as needed by the group.

managing domain objects and the user interface techniques ) .
for blending these into the whiteboard environment. We OUr program of research is based on the LiveBoard [3], a

show examples of both specific and generic meeting tools!arge, shared, pen-based electronic (rear-projected) display.
crafted from domain objects, and we describe a Iong-termTh'S provides a whiteboard-size interactive display that

case study in which these tools support an ongoing workallows us to experience and experiment with “group-
process. computer interaction” in a way not possible with smaller

displays, such as workstations. We have developed a soft-
ware application, calledTivoli [16], that simulates
whiteboard functionality on the LiveBoard (or any other

Keywords: whiteboard metaphor, pen-based systems, freeform
interaction, implicit structure, informal systems, recognition-based
systems, list structures, meeting support tools, gestura interfaces,

user interface design, tailorability, customization, object-oriented display). Tivoli provides basic pen-based scribbling and
user interfaces editing with pen-based gesturing and wiping techniques. In

this paper, we use the term “board” to refer to an interactive
1. INTRODUCTION electronic whiteboard.

Our goal is to provide computational support for working We extended Tivoli [12] to allow “implicit structuring” of
meetings, in which small groups of people collaborate in the material on the board. Material is created on the board
real time. By “working meeting” we mean group interac- in a freeform manner, which means that anything can go
tions that work with a large set of knowledge material anywhere without constraint. However, the user can indi-
(assessing, discussing, organizing, negotiating about thecate by certain gestures that the material is to be regarded as
materials, creating new materials, etc.). Group interaction intemporarily structured in some manner, e.g., as handwritten
such situations is freewheeling and fluid. Further, such text. Tivoli will then apply editing operations in accordance
meetings are usually part of a larger work process in whichwith the conventions of that structure, such as opening and

there is a knowledge base of materials that is used betweeslosing space where needed when moving words around.

meetings. During a given meeting, only a relevant ‘working We then extended Tivoli by developing a set of simple and

set” of materials is needed to effectively conduct the Meet natural technigques for helping users spatially organize mate-
9. rial on the board [11]. The most important is to provide
Groups often use whiteboards in meetings to provide aways to group materials into regions on the board. We
shared visual surface to represent the materials they argyrovide for both rectangular regions and for freeform en-
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closures of any shape. Tivoli can thus limit structured op-
erations to the regions in which they are invoked.

These gestural pen-based techniques result in afluid, grace-
ful user interface that integrates the informality and
flexibility of the whiteboard metaphor with the power of a
graphical editing system.

In this paper, we build on the user interface and structuring
features of Tivoli by adding a facility for handling new
kinds of objects, domain objects, in Tivoli. Before this, all
of the materials on the Tivoli board have merely been
graphical objects, whose interpretation or relationship to
other data exists only in the minds of the users. For exam-
ple, suppose a group’s current action items were exported
from a workflow system as a prioritized list and read (as
simple text) onto the Tivoli board; then users in a meeting
edited, erased, added, and rearranged the action items on
the board. The resulting board image would bear no rela
tionship to the action item entities in the workflow system.
However, by representing the action items as domain ob-
jects, these entities can be imported into Tivali,
manipulated in a gestural whiteboard style during a meet-
ing, and then the results (annotated and rearranged
priorities) can be exported back to the workflow system.
Thus, domain objects represent the subject matter (i.e.,
domain of knowledge) of meetings. We use domain objects
as the medium of exchange with repositories of work
knowledge. We are able to tailor specialized domain ob-
jects as meeting tools that are tuned to particular contents
and processes of meetings.

This paper proceeds by first focusing on our own work,
motivating and describing our design of the domain object
facility. We present an example of a working meeting that
motivates our approach (Section 2), which we generalize to
a set of objectives for the facility (Section 3). We contrast
our approach with others (Section 4) and then describe the
domain object facilities in detail (Section 5). We show how
domain objects can be tailored to support different types of
meetings (Section 6). Then we show how we have incorpo-
rated domain objects into alongitudinal case study of areal

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

2. EXAMPLE OF A WORKING MEETING

Consider an actual working meeting at PARC (in May
1995). It was the fifth in a series of meetings. In the first
four, different groups brainstormed a set of 34 scenarios for
a system being designed. The goal 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 consolidated into a single list. In
the fifth meeting, however, the group quickly abandoned
the spreadsheet, since it was too difficult to see the overall
picture and too awkward to manipulate.

Instead the list of scenario names was imported into Tivoli,
in a four-column format, so that al the scenario names
could be seen at once (see Figure 1a). 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 (Figure 1b) is a complete rearrangement of the items,
plus scribbled annotations.

The group faced a chalenging task, and the method of
accomplishing it was not understood at the beginning of the
meeting. Once they started moving items in Tivoli, the
strategy and process came naturally, which involved alot of
physical manipulation (over 50 item moves). Several criti-
cal 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
initia textual materials.

e Theitems and annotations were spatially arranged into
regions of smilar items. The circled numbers were
used to indicate when clustered items made sense.
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Figure 1. Tivoli Board for the Scenarios Meeting: (a) initial state; (b) final state.




Category annotations were used to help articulate the
similarities and differences among the groups.
Representative items were selected by coloring them

Import snapshotgrom standard tools under a freeform
drawing layer, such as can be done with Meeting-
Board.! This makes annotations easy, but the contents

of the snapshots are not manipulable.

Embed 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 (different Uls for different applica-
tions); and the whiteboard’s freeform manipulation
techniques cannot be used within the embedded appli-
cations.

red (shown as boxed items in Figure 1b), and the over-
all pattern of the selections was assessed. 3.

Note that the materials on the board were treated as a set of
objects to be arranged and annotated and that this was the
medium for carrying out the work that had to be done.

3. OBJECTIVES FOR MEETING TOOLS

From this example and other experiences with Tivoli in
different meetings, we formulated objectives for the design
of afacility for meeting tools on an electronic whiteboard:

1. The system must be able to represent the semantic
content of meetings, the things meetings are about. We 4.
encoded these “things” @®main objects, i.e., objects
that represent meaningful entities in the subject matter
domain that end users think about and consciously
work with.

2. The domain objects must beonnected with the
“workbase” (e.g., database, document management re-
pository, workflow system) used outside of meetings.

3. The domain objects must be incorporated into a white-
board style of interactiorfrapid, easy, pen-based and
gesture-based) to support, and not inhibit, the way
meetings work.

4. The whiteboard representation must include informal
scribbled annotationsas well as domain objects, since
meetings never stay within the confines of a formal
representation. The main user interface issue is to ef-
fectively accommodate the blending of structured and
freeformmaterials on the board.

5. The system must be able to interpret the 2D spatial
arrangementof the domain objects on the board, for
the spatial arrangement is the visible shared represen-
tation meeting participants use to develop a shared un-
derstanding.

6. Theformat and behavior of the domain objects must be
tailorable to the special needs of different meetings.
Meetings are not isolated events, but are part of a
larger work context. While there are generic aspects to
meetings, most efficient meetings are characterized by
adopting practices that are tuned to the work to be done
in the particular work context.

Usedomain objects in a freeform whiteboard environ-
ment. 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 tailoring the domain objects to
have specialized behaviors appropriate to their 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 tailorable graphic
objects in Tivoli. Domain objects are significant at two
levels: (1) as a part of an architecture that allows Tivoli 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 illustrated in Figure 2. We assume some
kind of workbase (e.g., Lotus Notes) to persistently store
the materials of a collaborative work process. People can
interact with this workbase with various client applications
on their desktop workstations, thus providing asynchronous
coordination of individual work through the workbase.
However, desktop applications are not effective in meeting
settings; Tivoli is a more appropriate user interface. While
we can put and get Tivoli files (containing editable page
images) from the workbase, these files are a separate repre-
sentation from the other data in the workbase. The issue is
how to use the Tivoli user interface with this other data.

The strategy we follow 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 Tivoli. The meeting participants interact with
Tivoli, manipulating the objects with the whiteboard user
interface. The altered objects are then exported and trans-

4. APPROACHES

There are severa different approaches to the design of a
meeting tools facility:

1. Use standard desktop-style software toolM/hile users
are familiar with these tools, annotations are difficult to
do. Thetools are rigid and usually not adaptable to un-
expected turns that take place in meetings.

! MeetingBoard (LiveWorks, Inc.) is the whiteboard product
based on Tivoli.
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Figure 2: Architecture of Domain Objects

lated back to the workbase representation. Thus, the results
of meeting activities are fully integrated into the workbase.

Tivoli has facilities for representing, defining, and manag-
ing domain objects. A domain object is a cluster of data
representing awork entity (a document, an action, a person,
an idea, a proposal, a note, etc.). Each object has a class
and a property (attribute-value) list. There is a class defini-
tion language for specifying the structure, appearance,
behavior, and interpretation of objects of each class and a
markup language for laying out domain objects and other
graphic objects on Tivoli pages. Thus, to fully tailor Tivoli
to a particular style of meeting, one has to create domain
class definitions plus import and export scripts.

For example, consider how domain objects might be used in
the meeting in Section 2. There would be object classes for
the scenarios and for group and category labels. Scenario
objects would be imported from the spreadsheet. Partici-
pants would manipulate the scenario objects and create
label objects in the meeting. The labeled and selected sce-
narios would then be exported back to the spreadsheet.

Domain Object Definitions

We illustrate the way domain objects are defined and used
by an example shown in Figure 3. Four domain object
classes are defined in Figure 3a: Label, Task, RegionSum,
and LinkedSum. The simplest is a Label object, which just
has a name. A Task object has four properties: id, duration,
name, and assignee. Domain objects appear on the Tivoli
board as graphic objects, caled views, whose appearances
are defined in view layouts in their classes. A Task has two
view layouts: viewl shows just itsid and duration, whereas
view2 also shows its name. Figure 3b shows 22 Task ob-
jects. They are al displayed as viewls, except for T8,
which is displayed as a view2. The figure also shows four
Label objects in four regions. Note that the fourth label, in
the freeform region, has a scribbled name.

Figure 3a. Domain Object class definitions

class Label (name)
viewl: name

class Task (id, 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 Tivoli board.
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Task objects have specialized behaviors in response to
gestures on them?, 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. In Figure 3b, the

user has “expanded” the view of Task T8 by a rightward
gesture. Also, by gesturing upward or downward, the user
can change a task’s duration value. Note that the first two
gestures work on specific views, while the other two ges-
tures work only on the duration field (i.e., gesturing up on
the id field has no affect). The general form of an action

rule in Tivoli class definitions is:
view, field, gesture - action

2 Actually, on their views. It is often natural to refer to aview as
if it were the object itself, and we do so frequently in this paper.



Objects for summing up durations are also defined in Fig- Budget Meeting Scenario

ure 3a A RegionSum object has a sum property, which is  The tools for this kind of meeting are easiest to understand,
computed dynamically by a formula, which says to add up because the behavior is like a “freeform spreadsheet.” This
the duration values of all the Task objects in the local re- gomain consists of cost items organized into budget centers,
gion. This computation is spatialy localized to be relative  which are both represented by objects. The goal is to ar-
to the spatial position of the RegionSum object. For exam- range the cost items to fit the budgets. See Figure 4.

ple, there are two RegionSum objects in Figure 3b, one in c ) bi h . . howi |
the region labeled “Team A” and one in the region labeled tOSt |t¢tar2 objects ac\i/e a tsu_??l'mt V|ew,d§tqt\SV|r:gdony a
“Outside Consultant.” The computed sums change dynami-( runcated) name and cost. These are distributed among

cally as the user moves objects on the board betweerflifferent regions, which are labeled with budget center

regions. For example, if Task T4 were dragged to the TeamPPJects. Doing a hold gesture on a budget center pops up an

A region, the RegionSum there would jump to 24: and if the overlay view that documents the class. Figure 4 shows an
RegionSum object in the Team A region were dragged tooverlay for the GIR pudget center. It shows the four parts of
the Team B region, it would show 13. a bud.ge.t center object: a name, a computed sum of cost

o ] ) i . items in its region, a target budget, and a computed variance
Tivoli supports computations based on spatial relationshipsgom the budget. It also shows that gestures can alter the
— such as containment, location, relative position, a”dtarget budget.

linkage — on a freeform whiteboard environment. For . . . . .
example, a LinkedSum object is shown in Figure 3b, which The meeting proceeds by manipulating cost item objects to
adds together the durations of Tasks linked to it. (More eliminate the variance. Cost items can be moved between

details about the mechanisms of spatial computation areb“dget center regions and the lower row of regions, where
presented in [14].) they are not charged to any budget center. Note also that

] ] . scribbled annotations are allowed, and they do not affect
Note that computations based on spatial relatiotespret the computations.

the significance of the spatial arrangement of objects on h dditional tati that int t th
the board and encode them as values of object properties. Ahere are additional computations that interpret the ar-

better example of this is the assignee property of Task ob-rangement O.f objects. Each cost item has a budget-center
jects, which is computed dynamically by finding a Label property, which is computed by getting the name of the

object in the same local region and getting its name prop-b“dget center Ot,’JeCt in the same col'umn, and a charge-to
erty (see Figure 3a). For example, the assignee value of T roperty, Wh'Ch is computed by getting the'name Of the

is “Team A”; if T5 is dragged to the region below, its as- udget center in the same local region. Moving cost items
signee value will change to “Team B". If the name of any to the lower row of regions regult ina Charge-to. of nil, since

Label object is changed, then the assignee properties O]fhere are no budget center objects in those regions.

Task objects in the same region are also changed. If thes®ecision-Making Meeting Scenario

Tasks had been imported from a project management sySpyqiqion-making meetings are concered with evaluating

tem, then these assignments could be exported back to thg,y oh,osing among alternatives of some type. In this sce-

project management system. nario, the alternatives are projects; and the goal is to choose
The value of these mechanisms will be seen as we consides subset of the projects to fund within the budget (the units
how this facility is used to create meeting tools. are percentages of headcount).

6. MEETING SCENARIOS

We used meeting scenarios to drive the design and develt ISTL Budget
opment of the domain object facilities. Based on years of
experience in observing and supporting meetings With| coxie; w02 | o048 o' Tl wols ‘ Lab | 137

Tivoli, we chose several specific meeting scenarios. These sivboad [ & ccoml 1 _ | BUDGET CENTER

. . . .. . . iveboar P ovi name *sum  budget *variance]
meetings myolved b_udgetlng, deqsmn m_akmg, presenting, |, o 1 o | 5 1] o on bucioe > +51
reviewing, interviewing, and brainstorming. We created | Louiesoa 5 | Losdearc 7 | down on budget -> 5K

specialized meeting tools out of domain objects to support| 2iaptops | 7 sunMonit| 3 PentiumP | 9
these scenarios. We also built tools to support generic| sroas | o SS210up | 102 | Memoryu 3
meeting activities, such as managing agendas and timing HomePC | 6
taking attendance, notetaking, recording actions, etc.

In this section we present a sampling of these to illustrate

Sun Mem 2

. . . . . ATM video 4 PC printer | 15
how domain object meeting tools can be integrated into the a; th
activities of a meeting. vk vy

Sparc2-10 16

Figure 4. Tivoli Board for the Budget Meeting Scenario.



Generic Meeting Tools
ISTL Summer Intern Project Proposal | Vote - . .
d i The scenarios above illustrate that meeting tools vary from
the specific to the generic (e.g., from project objects to cost
625% total 200% budget 125% selected . . . .
item objects to vote objects). There are many generic ele-
%% |1 2% CSA|Moran, Poox,L Empirical Studiesof Salvaging | 6 ment; to mpst meetings, and so we found it qsefgl to define
5 50% UIR Pirolli, = Pxxxxx, Visualization of WWW Document = 4 genenc ObjeCtS for these: agenda |temsy action |temS, peo_
4 25% CSA  Kimber, Rxxxxx  SoftwareVideo Media Server 3 p|e, nOteS, VOteS, IabEIS, etc.
3 __100% GIR _Fishkin. Oxxxxxx Fractal Painter Project 2 . e . .

o[ PROJECTS | ISTL Cost: 100% — Usually the most specialized element of a meeting is the
Area:GIR | Sponsor: Fishkin, Stone | Intern: Oxxxxxxxx ifi i i i 1
g e e — §p63[(r:l|f|cdsupjgct mattkgr being ?lscussetcri], such as .the pro![ﬁcts

2| Thegoal of this project isto explore PML’s ability to quickly and |tatio 1 In e 'ECISlon.-ma Ing mee Ing or € scenarios I_n e

fully create artisti derings b f etefil
B e ings by meane o @ oo i1® Jorid 1 meeting in Sect.|0n 2. At the extreme Ie\{el of generality we
5 | format (PostScript and Tivoli are the two main candidates), and | found it interesting to create a “thing” object that can repre-
CS(, mapping theseinto renderings specified in the new PML file Syst . . . . . .

format, adding the more power ful PM L-specific information. We sent any kind of thing being discussed. The generic thing
hope that by exploring this severely under constr ained mapping, wej . . . . .
will explore a space of powerful document enhancement tools. Object IS Useful, for example, in a brainstorm meetlng where
EUnding; things get created by scribbling on the board. Scribbles can

be encapsulated into a thing object by a box gesture. The

Figure 5. Tivoli Board for the Decision-Making Meeting things can then be arranged, marked with label objects

Scenario. ; -
assigned to people objects, voted upon, etc.
A project object contains several properties. The list view  Another generic element in meetings has to do with timing.
of a Project object is a wide one-liner showing many of We have a clock object that holds the current time. Our
these properties. These can be arranged in a vertical list. generic agenda items can be simple or timed. A timed
See Figure 5. This meeting involves first reviewing the  agenda item has a planned time (which the user can set and
projects. A double-tap gesture on the list view of an object adjust) and an actual time (which is computed by using the
creates an overlay with an expanded view of the project clock object). The agenda item object warns the users (with
object’s data, as shown. an audio action) when the actual time approaches the

Freehand annotations can be made on the board, such as ti®anned time.

stars marking certain projects in Figure 5. The project ob- Another use of the clock is in proportional timing. In a
jects in the list can be manually rearranged: one simply tapsyeeting that has to process a number of items (e.g., a con-
on a project object to select it and drag it up or down. Whenfgrence program committee meeting), a timing summary
released, the objects will adjust (opening and closing space})bject keeps track of how many items have been processed

to keep it a neat list. The annotations move with the objects 5ng computes and displays a prediction of when the meet-
because the implicit structure mechanisms in Tivoli work jng will end based on the current rate of processing.

ith all hi ject th 14] f tails). . .
with all graphic objects on the board (see [14] for details) Generic tools can be useful by themselves in some meet-

It is sometimes useful to sort the projects. An up-down jhgs put they are probably more useful as starting points for
gesture on any field of a project causes the project list to b‘%ailoring. We next present a case study, where we started

sorted according to that field. This sorting is animated soith generic tools and evolved a much more specialized
the users can better comprehend the action; and, again, thgng finely tuned set of meeting support tools.

annotations are sorted with the project views.

In this scenario, meeting members vote on the projects.7' CASE STUDY: IP REVIEW MEETINGS

This is supported by vote objects. The “Vote” button at the For several years, we have been supporting the intellectual
top of Figure 5 is scripted to create a set of vote objects androperty process at PARC by providing Tivoli meeting
place them to the right of each of the project objects, assupport, plus audio capture, indexing, and salvaging tools
shown. Votes are recorded by gesturing on the vote object$10, 13]. The central activity in this process (documented in
to increment (or decrement) the vote counts. Gesturing up{10]) is an ongoing series of meetings that revievention
down on a vote object causes them to be sorted, carryingroposals (IPs) by rating and ranking them. After the do-
the project objects and annotations with them. main object facilities were sufficiently complete and we had
some experience designing both specialized and generic

gesturing on them. An up gesture on a project selects it, dnegtlngs W't.h the_?}; we desgned r? set of.t(;]ols for the IPd
single action that results in its status property being set to'€VIEW meetings. These meetings have a rich structure an

sselected”, its view changed to red to visually distinguish it, Practice, which will become apparent as we describe the

and its cost added to the budget summary object at the t0[5°°|3 (also see [10]).

of the page. (Similarly, a down gesture deselects a project.) The workbase for intellectual property is Lotus Notes. We
wrote a script that imports from Notes the working set of
information needed for a given review meeting, defines a

Finally, the choice of particular projects is recorded by



set of domain objects, and lays them out onto several Tivoli
pages. There is a page of attendees, an agenda page, pages
for recording notes and ratings for each |P reviewed, a page
fOI’ rank| ng IPS (Ca”ed a |adder), and prOViSion fOI’ dynami' Weisfie97a Nzw zlzzqlj jxz ezqexz xzzxo kqzg-lq zxgxkliljo 3
cally creating new pages for notes on | Ps not on the agenda.

Figure 6. Tivoli Board with an IP Review Page. Some text
is "encrypted" to mask proprietary data.

Being able to easily navigate within and between these Reting: - (S]14]18][2] L*]l7] |Prodsond “USonly]
pages is crucial, and Tivoli has a jump action that can be Action: .
triggered by gestures (usually down and up for forward and Tmne [otg) [tome | [Peere] [T consce e
backward jumps). ACTION ITEMS: RATING CRITERIA:
The main subject matter in these meetings are IPs, repre- R1p | Nowdy Gaten)?
sented as IP objects, which consist of a dozen properties nectivete Tech advantage?
(about a page of textual information for each I1P). The set of Chack. {7,,\ W‘#‘W T | Entorceable?
IPs need to be worked with in a number of different ways, e ,/g L. 8. Implemented?
and so many different views are defined: agenda views, title " Crendiness
views (on review pages), small ladder views, plus larger

views for displaying all of an IP’s information on overlays

_ . . . DISCUSSION NOTES:
(similar to Figure 5). Another reason for multiple views per

® 10. Rizkxzk’esummary -- jklelelq jwx xzxoe wz xzz

object is that it makes it easy to propagate changing infor- mblox 2 zexmzze (Ve xelk UM I24). Uilbz xz
mation, such as the ratings, to different pages. It o o oy oA oEe

. . . . .. jkz xzzxoe jxz kqzqglgx Iq the zizmzgje. Sx wz qqj
The agenda page is simply a list of IP agenda views (similar] g jzxqelej zze, jwx gzzlqz, jkxj wz gez kqzlax
. . . . . . kqzqlqg xgk jkzq zqgj jkzm xqj.
in appearance to the list of project views in Figure 5). The

. . . . . O 11. xqzjzxqeleixz jgzge xq x xixkxi xxijxxz jkxj le
agenda can be edited, e.g., by making scribbled annotationg 2xqj 2k Ko xj K2z j 2xqelej xze
or dragging IPs around to reorder the list; the navigation @ 12. wkxj xkxaj kzelxq xzxqok? wz wxqik qzzk jx 2xxzz
gestures follow the edited order. Gesturing down on an IP Ny o the Sz ez Jlemz ooz x
in the agenda jumps to a page for reviewing that IP. @ 15. discussion xkxa) X oxjzd] k) XIXWeXGZ )X j28

. . . . . xgk/xz kqzq |q ezzjIxqe ezizzjIxzio -- zzxiio, X

An IP review page (Figure 6) contains four regions: a title jz& mzjkxkxixxo
region, a button region, an action item region for generating O 14. Klezqeelxq
final actions, and a notes region for collecting notes and O 15. kxwjx axilzz I] elqzz x zxmaqzljxz 2xq emajio zq

Xjj thejzgj ezzjIxq kzjxzz qxzbxxlgx the xzzxo

actions. The title region contains an IP title-view, which

shows the rating value, and buttons to jump to the agendg  [© & Action!tem forichard L. Weisfied due??.
and ladder pages. The rating is set by tapping on the variou$ T%LQM& o e, J@g
objects in the button region. é

The main activity in the meetings is the discussion of each &J@“?lv@ dﬁ?(‘ﬂ)%@

IP. The notes region supports the collecting of notes during
the discussion. Notes can be scribbled in this region and

converted to note objects. However, the preferred method isa field for the “assignee.” Tapping on this field brings up a
to take notes on a laptop and to beam them into Tivoli, menu of people to assign the action to. Alternatively, a
which then creates note objects and appends them to the ligierson’s name can be scribbled on the side and dragged
of notes in the notes region. Notes can also be re-beamed ibnto the assignee field (which also causes a new person
they have been further edited at the laptop. An interestingobject to be created).

feature is that the beamed notes contain the times they wer
created (which is used later to control playback of the re-
corded audio [13]), and the note objects have a property for
these times, shown as the little clocks in Figure 6.

At the end of the meeting, it is often useful to gather all the
action items generated during the meeting into one place to
"review them. The natural place for this is the Attendees
page (Figure 7), which contains a list of person objects (the
The action item region is used at the end of the discussiompossible attendees). Gestures on these allow people to be
to create any actions to follow up. Actions are recorded by marked as present. The names of unanticipated attendees
scribbling in this region. Tapping on the Action Item label can be scribbled and converted to person objects. A “Show
causes all scribbles in this region to be scooped up into aActions” button causes the current action items from the
new action item object, which is appended to the notesvarious review pages to be displayed as tiny views arranged
region. The notes region is typically long and not visible on next to the people they are assigned to. Gesturing on one of
the board when actions are scribbled; thus a tiny view isthese causes an overlay to pop up (see Figure 7). An action
also created in the Action Item region (see action “16” in can be reassigned by simply dragging it onto another person
Figure 6); gesturing on this view causes a full overlay to object (the action item object then automatically scoots to
pop up in the Action Item region. An action item object has the end of the person object’s row).



changes have been made. The tools are finely tuned to the

MEETING  (TAPZ2ON of 08/13/97) practices of these meetings. Further changes would involve
ATTENDEES: changes in the practices..F.0r examplg, We.tho.ught it would
et | Chuck Hebel be useful to be more explicit about rating criteria, and so we
et | Jim Boyce experimented with a “Rating Criteria” object (shown in
seemt | Anne Chiang Figure 6); while useful in a couple of cases, it is not used
pres=t | Ron Fulks most of the time.
pee [ Alen Lewts These tools were developed in an “evolutionary engage-

excused | Bob Street

ment” [10] with the participants in the IP review meetings.
Observations of the meetings and discussions with the par-

excused | Bill Turner

present  Richard Weisfield

© 1 Al oL R etz ticipants show that the tools have resulted in several
onethan mel ?M o el N improvements in the meeting processes:
JSe b '
Richard L. Weidfiad < zj ‘%ﬂjw?f’# » The relationship among large sets of items is easily ma-
Joseoh A. Heanue Fe vivo divdbbup nipulated and explored, while all present can see and
participate. Prioritizing IPs on the ladder is a qualita-
Figure 7. Tivoli Board with an IP Attendees Page. tively better activity. The rearrangable agenda enables a
better-planned meeting.
Findly, there is the ladder page (Figure 8), which is a map » Information is retrievable when needed without being in
of al current IPs in a particular technology area (not just the way when not needed. The details of older IPs can
the IPs being reviewed in the meeting). Small IP views are easily be popped up in the ladder page as needed.
used so that an overview can be seen. Gesturing on an IP » Information created or altered in one location is propa-
view brings up a full display of the IP on an overlay. The gated to other locations. The ratings can be seen on
page is divided into regions with ranking label objects several different pages; the action items can be gathered
(“A”, “B”, “New”, “Hold", etc.). IP views can be moved together for a final review.

around by dragging, and Tivoli's implicit structure mecha- « Notes can be taken and indexed on old IPs that are not
nism maintains the list structure. An IP’s ranking is  on the agenda for the day. New review pages can be eas-

computed dynamically, as explained previously, from jly created from the ladder as the discussion
where it is positioned on this page (using both its region’s  spontaneously focuses on old IPs.

L?:?,L:gg g;‘: poﬁgr'gno': ttrr:g I'Zt)ésggbst:ﬁ?n an(;](;)vtva;]tlc;r:]sacna:]lywme all of these activities are supported with the tailored
yw page. 9 meeting tools, they exist in a whiteboard environment,

causes a new page o be created, where notes on .that lP. “Xhere the meeting can always revert to scribbled notes
be taken, action items can be created, and/or its ratin

changed. Yvhen the specialized tools are not appropriate.

These tools were designed and evolved over a half dozen 1B8. DISCUSSION

meetings starting in October 1996, and they have been inNow that we have described the domain object facility and

continual use since then, during which time only minor how domain objects are used as meeting tools, we can step
back and reflect on our objectives (listed in Section 3) in

designing this facility.
LADDER (TAP20N of 08/13/97)
Connecting to the Workbase at the Semantic Level
A B C D F . . . .
Our first two objectives were to represent the semantic
RBApted5a 3U RMartin97a 3 Weisfie97a 3 PMei94b 3 Crawfor95a 4+U . H
TS _ _ content of meetings and to connect to the workbase at this
a Silvers97a 3 DFork97a 3 PMei96a 4?
Thornto94c 4 JHo93f 3 RFulks96a 47/C |eve| Of Content
SRONSERL] | [crorssa swac| | (DFNSEEIAL] | DFoka s NEW It is apparent, as we show in Figure 2, that Tivoli can con-
PMei97a 4 PMeio7h 47 PMei93a 3 RStreet96a 3-P' . . . .
o] < — nect to the workbase by simply putting and getting files
st * DForkg6a 3+ sondre . . . . .
wetieos 3 ork| ——l with editable page images. The problem is that this repre-
sentation is not compatible with other file representations in
R M2 the workbase, and thus any information has to be manually
%fdwkp Martindsi 3+ transcribed between representations. The connection is at
7 | Sreeseas? the d t level and not the object “item”
J-s k], e document (or page) level and not the object (or “item
Jackson93e | 3 e ” . . . .
— or “field”) level of information. Tivoli has always been
e capable of having text elements on the board that can be
e freely moved around on the board. The problem is that the
significance of this 2D arrangement is lost in converting it
Figure 8. Tivoli Board with an IP Ladder Page. back into a textual representation (a string of characters).



Other systems, such as Lotus Notes, allow interaction with spatial regions (which other systems cannot do). All these
the workbase at the “field level” by having a database of techniques allow users in meetings to easily shift between
“objects” that can be presented in different interactive loose and structured modes of expression.

views. But Notes qloes no.t offer a whiteboard-style VIBW our overall design strategy for using domain objects as
that can be used in meeting settings. The system that igeeting tools was to stress the use of board pages contain-
closest to ours is Dolphin [18], which also uses the Live- j,q gverviews of sets of data. This relies on the flexibility
Board. Dolphin offers a neat solution integrating the of the domain object view mechanism, allowing multiple
synchronous work in a meeting with the asynchronous workyie\ys of differing detail. The principle for information
outside of meetings, but does this within a particular hy- yresentation is to get as much information as possible on a
permedia model of nodes and links. page using smaller views (but allow users to pop up more
Our approach is to integrate with a variety of different information as needed), to use different pages for different
workbases and to present a whiteboard-style user interfacarrangements of information for different purposes, and to
in the meeting setting. We do this by translating the data atallow easy navigation between these pages. The IP Review
an object level for presentation and by providing a facility case study provides evidence that this is an effective
to interpret the spatial arrangements created in the meetingstrategy.

In this way, we can connect with any workbase that has a

appropriate AP at the level of objects. nUsmg and Interpreting 2D Spatial Arrangements

o ) Our fifth objective was to allow the free use and interpreta-
Designing Finely Tuned Tools tion of 2D spatial arrangements on the board.

Our third and fourth objectives were to provide in the o girategy of providing overviews of information allows
meetlng setting a freeform Wh|teboarq user '|nterface thatusers to see the interrelationships among objects. By pro-
blend§ qurmal scribbling and annotat|0n§ with structpred viding easy ways for them to rearrange and organize objects
domain objects. We have explored a variety of user 'ntfr'on the board they can explore new relationships. 2D spatial
fage technlques. to integrate domain objects into Tivoli's relationships — containment, adjacency, relative position,
whiteboard environment, and we have developed someyjignment, clustering, etc. — are the medium of expression
design principles for tailoring meeting tools with the do- ;g exploration. Our ability to have the system interpret
main object facility. some of these spatial relationships allows us to capture and
Domain objects behave fully like any other graphic objects encode semantic relationships that would otherwise be
on the board in Tivoli. In addition, they are responsive to implicit. In doing this we are building on and integrating
special gestures. In tailoring such gestures we employ stanwith the previously-developed spatial interpretation mecha-
dard user interface design principles. Gestures are invisiblenisms in Tivoli [12, 11].

and thus must be remembered. We found it helpful to usep gjstinguishing characteristic of our approach is the use of
certain gestures consistently, e.g., the hold gesture fory yange of 2D spatial relationships, as opposed to node-link
bringing up documentation of an object's class behavior (aSgty,ctyres. Dolphin [18] allows users to create relationships
in Figure 4) (cf. [6]) and the double-tap gesture for bringing p,; eypressing them in node-link structures and graph repre-
up.further i.nfor.mation about the contents of the particular ggntations. This follows in the hypertext tradition, which
object (as in Figure 5). To make gestures feel natural, thegyressegxplicit links? Indeed, in our own experience, from
principle of ‘fgestgre compat|b|I|ty“ is re_Ievant, _such as an NoteCards [4] to Viki [8], it took us several years of expe-
up gesture invoking an increment action, a right gesturerience and exploration to fully appreciate that 2D layout
invoking an expansion qf the.wew in a_nghtward .dlrect|on, was usually a more expressive and more compact repre-
or an up-down gesture invoking a sorting operation, where genation than node-link graphs and to understand that 2D
the objects in the list shuffle up and down as the sort iSgpatia) arrangements could be usefully interpreted [17],
animated. even though the relationships are more implicit and subtle.
Scribbles and domain objects are well integrated. UsersT
can, of course, scribble anywhere on the board around
domain objects (as in Figures 4, 5, and 8). These objectOur final objective was to provide facilities for tailoring
and scribbles work together in Tivoli's implicit structure SpPecialized meeting tools. We provide a scripting language
mechanism. For example, the scribbled annotations in Fig-for defining the structure, appearance, and behavior of
ure 5 move with the project views when the project list is domain object classes. Our language has most of the ele-
sorted. Scribbles made on the board can be incorporatednents of the Oval [7] system (objects, view, agents, links),
into domain objects in various ways. Any set of scribbles but in @ much simpler form. Yet, in a similar way, we find
can be converted to an object by a box gesture around the
scribbles (the same technique as used in Dolphin [18]).
Domain objects can be tailored to “absorb” scribbles that® So-called “idea processing” applications also focus on explicit
are dragged onto their views and to “pull” scribbles in their node-link representations, e.g., the “mind maps” of Inspira-
tion [5].

ailoring Specialized Meeting Tools




that this language alows for the creation of quite a broad
range of meeting tools. Our facility is much more special-
ized than Oval in being integrated with a sophisticated
whiteboard environment with spatial organization, manipu-
lation, and interpretation capabilities.

Tailoring is a costly activity. It is possible to craft meeting
tools from scratch. Our view is that one would begin with
some generic meeting objects, such as those in Section 6 we
used to create the IP Review tools (Section 7). We have
identified a few generic objects, but there is a lot more to
do to attain a polished set of meeting building blocks.

Most meeting support tools are geared to a particular task
or process, such as gIBIS [1] for issue discussion, or a suite
of different processes, such as GroupSystems [15] or
MeetingRight [9]. These tools tend to be intentionally quite
restrictive, so as to guide a normative process. Our philoso-
phy is that tools are better adopted if they can be tuned to
existing practices, at least initially. Building tools on a
tailorable foundation provides the flexibility to do this. In
our facility, tailoring must be done by reworking class defi-
nition scripts, which must be done between meetings; that
is, tools are iteratively refined over a series of meetings. We
have not provided any interfaces to allow 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. Instead, we provide the flexibility in the user
interface for working around the immediate limitations of
the toolsin ameeting by informal scribbling, thus providing
an experiential basis for improving the tools. Our long-term
experience in the case study in Section 7 has shown that this
is an effective way to evolve both the tools and the meeting
practices [10].

9. CONCLUSION

We have shown how to integrate structured domain objects
into a freeform whiteboard user interface. This integration
is useful, because it alows us to work in meetings in a
whiteboard style with data from structured workbases.
Further, these domain objects are tailorable so that they can
be tuned to specific meeting practices. This increases the
amount and quality of work that is possible in a meeting, as
shown, for example, in our case study. These kinds of im-
provements are possible when tools can be tailored to well
understood and predictable meeting practices. When meet-
ings take unanticipated turns, users can dlide into familiar
informal methods of scribbling. The ability to do this de-
pends on the smooth blending of structured and informal
user interface techniques (which are discussed in more
detail in acompanion paper [14]).
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evolving the tools for the IR review process. Thanks also to Bev-
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