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Abstract
This paper presents a novel graphics user interfacefor
desktop management of a synchronous groupware
client. The interfaceis part of the Rutgers University
DISCIPLE framework that enables sharing of
applicaions. The interface presents an individual view
of a mllaboration space that contains collaboration
artifads, collaborators, their  groupings and
relationships. The nceptual model of the
collaboration process is described since it strongly
influences the design of the user interface We establish
the requirements, describe the cmponents of the user
interfface and then discuss dternative agproades.
JavaBeans applicaions are shared by being imported
into the shared workspace but additionally, importing
Beans allows user tailoring of the interface and thus

suppats end-user programming. Interface
customization is demonstrated with multimodal
human/machine interfaces and the llaboration

components (such as group awareness widgets,
concurrency controllers, etc.). Another adivity
supparted is multi-user visual programming using the
JavaBeans technology. Users at geographically separate
locdions can collaboratively  build  complex
applicaions using pre-existing components. This
interfacehas been implemented and tested on a variety
of Java gplicaions.

Keywords. CSCW, synchronows collabaration, user
interfaces, end-user programming, JavaBeans.

1 Introduction

A user interface for synchronous groupware should
allow the mllaborators to quickly grasp the contents of
the ollaboration space and the relationships between
the ollaborators, as well as all ow them to communicae
and share gplications and data. The interface must be
cgpable of presenting the following essentia
components of the wllaboration process at any time
during the mllaboration: representation of and accessto
the set of collaborators and their groupings, artifads
used to acamplish the wllaborative tasks, and images
of the working or meeting places.

Additional components that are not diredly related
to collaboration, but are necessary for collaboration, are

the toals for discovery of coll aborators and the todls for
reviewing the past coll aborative sesgons.

The main objedive of DISCIPLE (Dlstributed System
for Collaborative Information Processng and
LEarning) projed is applicaion sharing. The
conceptual collaboration model strongly influences the
design of the user interface An appropriate theoreticd
model of work and workgroups is thus of criticd
importance and the model used in our work is reviewed
in Sedion 2. The guiding principles for the design and
implementation of graphics wuser interface for
synchronous coll aboration presented here ae simplicity
and famili arity with the existing concepts of graphics
interfaces (mainly for single users). The interfaceis part
of our DISCIPLE framework that provides mechanisms
to control its cooperative feaures in an
appli cation-independent manner.

This paper is organized as follows. We first briefly
review the DISCIPLE collaboration framework. Sedion
2 presents our approach for collaboration space
visualization and management. Sedion 3 continues
with the ollaboration artifads and tools we provide.
Sedions 4 and 5 describe our implementation for the
user interface of a meding place and design-time
collaboration, respedively. Finally, we discuss the
related work of the eisting collaborative frameworks
(Sedion6) and conclude on the cntribution of our
projed in its current state of development (Sedion 7).

1.1 DISCIPLE Collaboration Bus

The graphics user interface presented here is the dient
view of the DISCIPLE system [9]. The objedive of the
DISCIPLE projed is to simplify the development of
multi-user collaborative gplicaions, in particular
red-time synchronous groupware. It includes
conversion of single-user applications to multi-user
domain with minimum effort—paossibly  without
modifying the original code or requiring the user to
write aditional code. This is achieved by relieving, to
the largest degree posdble, the gplicaion programs
from performing coll aboration tasks, that is, those tasks
that must be performed to allow more than one user to
interad with these programs. We target a particular
classof applicaions—Java gplets and more generally,
Java Beans [15]. The DISCIPLE framework is
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Figure 1: Architedure of the llaboration framework. Each conference participant runs areplicaof the

applicaion. The arows symbalizethe user’s adions that cause the transitions of the gplicdion’s dates. The
coll aboration bus provides various group- and communication-related services.

conceptualized as a ollaboration bus (Figure 1), which
assumes the ollaboration tasks. The user plugs the
applicaions or applets into the bus by poainting to their
URLs and thus makes them shared with the other users
that participate in a @llaborative session. An applet isa
small application program that provides a graphics user
interfaceand acamplishes a user task (e.g., extrading
image feaures or computing and visuadizing a
spreadshed table). A user would typically use multiple
applets, independently or linked into a more complex
applet, to collaborate with other users. Since multiple
users can simultaneously interad with their respedive
applicaions, the interadions need to be wordinated.
The bus therefore mntains the software @mponents
that manage synchronous group work (eg.,
concurrency control of simultaneous adivities, degree
of sharing the gplicaion (coupling), and degree of
awarenessabout the originators of the adivities).

The DISCIPLE coll aboration is based on areplicated
architedure for groupware [5]. Each user runs a wpy of
collaboration client, and ead client contains a @wpy of
the gplet that isto be wllaborated on. For eat objed
within the gplet, there will be a ounterpart in al the
other users applets. Collaboration in this type of
architedure essentially trandates into intercepting the
state changes occurring in a user's applet and
replicaing the state changes in al the peea users
applets. Event interception is based on the property of
Java Development Kit (JDK) version 1.1 event model.
Any objed can register as an event listener to the event
sources and all listeners get notified upon the event
occurrence [15]. When an applet gets loaded into the
shared workspace the workspaceregisters to listen for
al the gplet’s events. Upon the event occurrence, the
collaboration bus distributes the event to al pee
workspaces. The bus achieves  synchronous
collaboration through red-time event delivery, event
ordering and concurrency control. A more detailed
description of the DISCIPLE collaboration bus is
availablein [§].

2 Collaboration SpaceVisualization

21 Mesetingsvs. Placesfor Collaboration

From the user’'s viewpoint, the ad¢ of synchronous
collaboration may emphasize éther the meeting itself
with no concern for the location or the placewhere the
meeding occurs. Human collaboration includes both
meeting places with spedali zed resources to suppart the
meeings, as well as gontaneous discussons that occur
regardlessof the location and often do not need spedal
meeing suppat from the ewironment. Places contain
persistent content and may get more daborate and
complex with time.

Our current model emphasizes meding places,
where the user seleds a place ad, by entering it,
obtains accessto the resources in the place The shared
workspace window gets automaticdly launched as the
user enters a place The model is very similar to the
rooms models described in [6, 13] as well as to the
locdes model in [10]. A place however, in our model
is linked to the topic of collaboration rather than to the
physicd location of the place

Although this model does not predude spontaneous
collaboration, it is more difficult to establish a
spontaneous meeing since the model is not tail ored for
such type of coll aboration. In fad, the cncept of places
conflicts with spontaneous collaboration since it
requires the conferees to meet at a spedfic place The
ladk of spontaneity isin the sense that users cannot start
sharing any applicaion on the screen at any time.
Rather, the user neals to enter a place ad use
applicaions therein or initiate new ones. This is
different from collaboration with a set of formal rules
(workflow) vs. an informal meeting.

One of the reasons for inadequate suppart for
spontaneous meeings in DISCIPLE (as well as other
Javarbased approaches) is due to the way the Java
Virtual Machine (JVM) is currently implemented. JVM
runs as an application and it affeds neither the window



manager nor other applicaions. Unlike this,
coll aboration systems based on shared window systems
(e.g., [5]) oet interposed between the user and the
operating system—the entire user interadion goes
through the window system. This provides for sharing
the etire user's desktop, and any applicaion can
becme wllaborative & any moment. An equivalent to
a shared window system would be a shared VM
running on a Java Operating System. DISCIPLE is not a
shared IVM—it is an applicdion running in JVM,
severa levels above the window system. Sporntaneous
collaboration is hindered by the fad that nothing but the
applicaion Beans that run in one of the DISCIPLE
workspaces can be shared.

2.2 Hierarchical Space Visualization

The collaboration space is esentially a “phone bodk”
of all people that a user can collaborate with. It is
structured to refled various people groupings as in
everyday life. It may be visualized in different ways,
for example, using an abstrad model or using a
physicd model. The spacemay be represented using an
abstrad model or using a physicd model. The simplest
abstrad representation shows a plain list of
collaborative places. A more complex representation
structures the places into a tree or a graph, where the
nodes at higher hierarchicd layers correspond to
buil dings, cities, etc. Even more complex representation
positions smilar places proximally acarding to certain
distance measure. On the other hand, in a physica
representation the spaceis represented as a 3D virtual
world, where the user waks through streds and
corridors to reahh a ollaboration place This
representation is more intuitive than the estrad ones,
but its disadvantage is that the user can be in only one
place & atime. The length of time to move from one
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placeto another depends on their distance In addition,
creaing rew places can be farly difficult. Since the
places in our model are charaderized by the topic of
coll aboration, rather than by their physicd locdion, an
abstrad representation is more gpropriate than a
physicd one. As a result, the user can simultaneously
be in several places (think about several topics) and can
quickly move from placeto place(switch form topic to
topic through the mind’ s “hyper-space?).

The main window of the dient part of the DISCIPLE
system is shown in Figure 2. This is the first window
that appeas after the user logs into the system. The
window visualizes the information about the
collaboration space & present at the available place
server(s). The hierarchy is as follows: place servers >
organizaions (hyper-places) > (meding) places > users
(participants) and is represented with a tree shown on
the left side of Figure 2 (similar to a file system
representation). For example, in Figure 2 one can see
the @mmunication node (disciple) with one
organizaion (CAIP) that contains two meding places
(Military and Medical). The users that participate in
meetings (bai, dbogdan, latha, and juth) are shown in
places, and there is one user (francu) that has connected
but presently is not participating in any meeing. Using
the main window users can navigate the cllaboration
space crede new meding places, or enter existing
ones. This current representation is gacecentric rather
than user-centric, i.e., the entire treehas to be inspeded
to find out what places a particular user has entered.

A place server supparts public end private places.
Publi c places are grouped under organizaions and users
are grouped under the places they have entered. A user
can enter multiple public places at a time. Only its
credor can enter a private place and ather users are not
aware of its existence
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Figure 2: Screen snapshot of the hierarchicd representation of the entire allaboration space Eac organizaion,
place or user is asociated with a description (image and/or text).



On the right side of Figure 2 there is a stack of
pages representing different utilities available to the
user. Current snapshot shows a description of or
information about the seleded item. The description is
provided for only one item at a time. A different
approach hes been put forward in [10] that shows
simultaneously a short description of all places that the
user isinvolved in; however, the hierarchy of the entire
collaboration spaceis not visualized. A way to have
bath is to have (on the right in Figure 2) a scrollable
window with the description of all places the user is
currently in. The information item is sown in a tabbed
pane that also contains other common toadls like chat
window, video/audio conferencing startup, e-mail,
guery window for finding users, etc.

2.3  PlaceCreation, Entering and Leaving

Creding and entering a placeis easily done with a
mouse dick—there is no requirements to spedfy any
network addressor a port for connedion. A user credes
a public place in an organizaion by a right-button
mouse dick on the organizdion's icon (left side of
Figure 2). The user is prompted to enter the place
description via adialog box. Asthe view of the meding
placeis creaed, the user automaticaly enters the place
A user enters a public place by clicking the place’s
icon. A workspace (Sedion 4.1) is an ephemera
representation on user’s desktop that corresponds to a
placeon a placeserver. It is generated automaticadly as
the user enters a placeto display the arrent artifadsin
the place A workspaceis bound to a place ad cannot
be re-bound to another place As the user leaves the
meding place a private place(snapshot of the meeting)
gets creded and fill ed with the atifads currently in the
workspace The same workspace now represents the
view for the private place

The user can spedfy alist of users for whom gheis
interested in being notified when they are present in the
collaborative space A message diadlog window
announces them whenever they log in. A user can
seach for and invite other users to enter hisher public
places, or spedfy aruleffilter for automaticdly inviting
users to enter hissher places. When a new user enters a
placethe wllaboration spacehierarchy is updated with
his or her icon and descriptive information so that all
placeinhabitants who have the placeés folder open can
notice the change. We ae aurrently exploring a means
(an audio or short visual message) for notifying the
existing inhabitants of a place &out the newcomer.

Places are persistent, so when a meding gets
suspended (e.g., the last user leaves the meding place,
the mntent of the placegets automaticdly stored on the
server, so the meding can be resumed in the future
starting with the same content. Persistence provides for
asynchronous coll aboration.

2.4 Individual Desktop View

The overal desktop view can vary for different
conferess, i.e., it is not a strict WYSIWIS (What You
Seels What | Seg mode [14]. All of the mllaboration
desktop windows (i.e.,, the mmunicaion center
window and meeting placewindows) are fredy floating
on the user screen and are individually customizable.
An alternative that we explored ealier was to have dl
windows glued together as children of the main
window. This has ©sme alvantages of being able to
move or iconify al windows smultaneously. On the
other hand, this lution potentially uses too much of
the screen space ad constrains the user as to how to
arrange the windows on the screen. Notice, however,
that this principle is not held all the way to the level of
the atifacts (Java Beans). All the atifactsin aplace ae
shown in a single workspacewindow corresponding to
a place @ will be seen in Sedion 4.1 below (unless a
Bean launches its own window).

Help is provided through a small HTML browser
that visualizes the projed documentation available in
the HTML format from our Web site. This way, the
users can accessthe most up-to-date help information.

3 Collaboration Artifactsand Tools

The users collaborate by sharing artifads, tods and
resources. In DISCIPLE these ae software gplicaions
of one type—Java Beans [15—which can be Java
applets or applicaions. The DISCIPLE framework
suppats both collaboration-aware and coll aboration-
transparent Beans. Coll aboration-transparent Beans are
usually developed by a third party and they are
completely unaware of the fad that they are interading
with multiple users.

Bean Browser displays all the Beans that are
available to the user at launch time or have become
available during a mllaborative sesson, see Figure 3.
User's own Beans, locaed in the locd direcory jars,
will be loaded by default when the user logs in. Other
Beans may be aquired during the meding. At present,
the system automaticdly distributes the Beans to the
other participants © that al users in a place have the
same set of Beans. The Java Beans are padked in Java
archives (JAR) for fast transmisgon over the Internet.
When a user aoquires new JAR files or enters a place
having JAR files that are not avail able in the place they
are dynamicdly loaded through the network and added
into the Bean browsers of all the usersin the place
Using a Bean in collaboration is as easy as pointing to
its URL. A Bean can be loaded from a locd file system
or, given the Bean's URL, it can be loaded from any
Web server. The loader loads a JAR file that may
contain multiple Beans, e.g., the multimodal JAR in
Figure 3 contains the Beans for speed recognition,
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Figure 3: Screen snapshot of the user interfacefor loading and browsing the Beans.
The loaded Beans can be used in coll aboration.

keyboard and pen interadion, and multimodal data
fusion (octopus). Ordinary Java gplets can be shared in
the DISCIPLE framework as long as the gplet is
padaged in aJAR file.

A user can drop a Bean in a workspaceby seleding
it in the Bean browser. All the users in the
corresponding meeting placewill seethe Bean appea
in their workspaces. The users can aso copy the Beans
from a workspaceto another workspace This operation
maintains the Bean's current state. This way, the user
will often draw from the relevant places the things they
need, as they need them, to get their tasks done. The
interface provides for relatively seamless movement
between places.

The Property List tod introspeds automatically the
seleded Beans and finds out their exposed properties
and the associated editors. Using the Property List
Editor, the user can visualy modify the properties of
the Beans dropped into the place al updates being
automaticdly sent to ather usersin that place

The user interfaces of the Java Beans are expeded
to be written using the Swing toadlkit of JDK 1.2 as the
GUI of the DISCIPLE framework is built with Swing,
sincethis package provides for setting the look-and-fed
of the gpli cations without changing their code.

4  Collaboration Workspaces

41  WorkspaceView

A workspace is launched automaticdly as the user
enters a meeting place It provides an individual view
of the place showing the atifads that are currently in
the place ad their relationships (Figure 4). The todbar
at the top povides for opening the Beans browser,
loading the Beans, and cut/copy/paste operations on
Beans. Clicking the second toolbar button loads into the

Workspace the Bean that is currently seleded in the
Bean browser.

As is the cae with the overal desktop view, the
Workspace &so works in a relaxed WY SIWIS mode in
the sense that eat conferee @n position the Beans at
different locaions within the Workspace However,
Beans themselves are presently limited to consistent
views and adions for al the mnferees, because it is not
posshle to uncover the aitire semantics of the
collaboration-transparent Beans. A Bean can be
displayed in a Workspacewindow or it can launch its
own independent window.

Each placeis dedicated to one topic having its own
workspace This enables the users to bah run and/or
build new applications incrementally in a place & run-
time and alows for interface astomizaion, as
discussed below. A well-known paradigm is that a user
has a single workspace for all the locdes that he/she
participates in [10]. The user resides in one “office”
while he/she can be working on several problems
simultaneously; thus one workspace for multiple
meetings. Orbit has an icon and a label (indicating the
meding it belongs to) identify each artifad in the
workspace This representation is siitable since Orbit
deds with documents represented by icons, but not with
the document editors and viewers, i.e., applicaions.
Unlike that, the main objedive of DISCIPLE is daring
of application, and place labeling of the gplicaion
windows would be inconvenient.

4.2  Collaboration Components

The idea of collaboration components is that, even in
spedalized collaborative gplicaions, a mmmon set of
functions exists that can be extraded and implemented
as «lf-contained software components. These include
such things as concurrency control, user awareness etc.
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Figure 4: Screen snapshot of the workspace The workspace ontains two examples of JavaBeans: a
(collaboration-aware) whiteboard and a (coll aboration-transparent) cadendar.

It would be ided to enable an application developer to
focus on the gplicaion itself and not on these multi-
user aspeds. By providing a set of reusable software
components that encapsulate such multi-user feaures,
the wllaboration components allow the user to easly
configure the shared workspace[4].

The DISCIPLE framework currently provides
awarenessthrough telepointers and radar views that are
included in the set of Beans loaded by default at
start-up. A telepainter represents the position of a
remote user’'s mouse airsor, providing locdion
awareness It has unique mlor, and a name, and bah
identify the user. A radar view displays a miniaturized
image of the workspace with highlighted regions that
the participants are airrently viewing. Collaboration
components also include several concurrency control
algorithms (non-optimistic locking, optimistic locking,
and undo/redo) [4].

4.3 Interface Customization

Componentization of the ollaboration framework
introduces the posshility for interface customization.
Figure 5 shows an example where the workspace is
augmented by collaboration component Beans [4] and
by multimodal human/machine interadion Beans [11].
By loading different collaboration component Beans,
the user can vary the degree of awareness about the
other conference participants or seled the mncurrency
control algorithm that applies to a particular Bean.
Similarly, by loading and adivating different

multi-modal Beans, the user can dynamicdly choose
the modality for interading with the workspace (e.g.,
speed, keyboard, eye gazepointer, etc. [11]).

The users can aso edit their description (picture,
persona information, URL address of the Web page,
etc.) and the properties of the awareness widgets
representing them remotely (such as telepointers, radar
views) at any time during collaboration.

5 Design-Time Collaboration

A speda feaure of our framework, which is not
present in other collaborative frameworks, is suppart
for design-time wllaboration, where users can
customize d rurrtime the gplicaion or compose more
complex applicaions from simpler ones. A Bean is a
software cmponent with a well-defined set of inputs
and outputs and the outputs of a Bean may be fed as
inputs to another Bean. Design-time mllabarationisthe
ad of collaboratively assembling a cmposite
JavaBeans applicdion from several JavaBeans
components. Once the gplication is composed, all the
state changes in the gplication will be shared. This
stage isthe run-time wllabaration of applications.

The DISCIPLE coll aboration-enabling framework is
a simplified Java Integrated Development Environment
(IDE), augmented with a ollaboration bus and the
mediators between the bus and the gplicaions. The
framework is not intended to be afull-feaured IDE.
The design-time llaboration feaure is intended for
user-extensibility and incremental programmability of
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interfaceBeans (speed and text input).

collaborative gplications, rather than as a devel opment
toal. It is provided for advanced users to be ale to
rapidly add extra feaures to an existing application or
to prototype an application using simpler components.
Although we do not exped that users will frequently
use this feaure, we believe that it can be very valuable
on occasion. System administrators or other super-users
who donot seethemselves as programmers would use
this feadure and save the results for future use by
ordinary users.

Designrtime ollaboration can be compared to the
maao language for spreadsheds, where the alvanced
users are ale to creae powerful maaos to cary out
complex and useful work, without the need to require
upgrades and modificaions to the gplicaion from the
original developer.

Although workspaces are hierarchicd, linking
(using the JDK event model) the Beans from different
workspaces or hierarchies is flat. Any Bean can be
linked to any other Bean in any of the workspaces on
the user's desktop. The linking can be acomplished
while the Beans are in one workspace and then they
can be dragged to different workspaces. It can also be

acomplished when the Beans are dready imported into
diff erent workspaces.

6 Reated Work

Traditional and currently available cwmmercial user
interfaces for synchronous coll aboration usually include
simple whiteboard and audio/videoconferencing®.
Conventional systems for sharing collaboration-
transparent applications, like Microsoft NetMeding [7],
are dso ladking in terms of suppart for key groupware
principles. concurrent work, relaxed WY SIWIS, and
group awareness. Few systems that do ded with general
application sharing are avail able only as reseach todls
and the design principles for the user interface ae
rarely explicitly formulated. Some general guidelines
for developing multi-user interfaces are discussed in
[3], but design for spedfic components of a multi-user
interfaceis not described.

The model of collaboration presented here has
certain similarities to the locale concept and the Orbit
implementation of the ncept [10]. In the Orbit

' See eg., MBONE multiparty conferencing todls available a
http://www.mbone.com/mbone/software.html.



framework a user has a single workspacefor all locdes
(i.e., places) in which he participates. The paradigm is
that the user resides in one place (e.g., office) while
he/she can be working on several problems
simultaneously; thus one workspace for multiple
locdes. Artifads are represented in the workspace by
icons and labels asciated with the locdes they belong
to. Orbit focuses on visualizing the content of locdes,
with some information about the atifacts' states, but it
is not concerned with the viewers and editors for
interadion with the atifads. Unlike this, as we
discussed in Sedion 4.1, DISCIPLE focuses on
applicaion sharing, i.e., viewers for Java Beans that
alow interadion with the Beans, distribute the Bean
events, and provide astomizaion of the user
interfaces. Therefore we proposed a diff erent approach.
GroupKit toolkit [12] is used in goupware
prototyping for experimenting with different types of
group awareness and modeling shared applicaions
(cdled conferences) such as drawing tods, text editors,
and meding tods. GroupKit intends to suppart
different types of sesson managers, tailored to the
group needs to creae, locate, and join conferences. The
“open-registration” session manager uses small separate
dialogs to represent and modify the information about
conferences and participants. A shared applicaion can
be seleded from alist and, once opened, it has its own
window on the screen. The “room-based” session
manager represents the rooms as icons in a
collaboration space A room groups <veral shared
applicaions (a set of tods nealed to acomplish a
task). As the user enters different rooms only the tools
from the aurrent room are displayed on the screen. Our
framework uses a more mmpad representation through
a tree hierarchy. GroupKit has sveral awareness
widgets particularly relevant to relaxed WYSIWIS
groupware awareness (identity, location, and adions)
and dffers telepainters, radar-views, location and adion
viewers, and multi-user scrollbars, most of them
implemented for the “open-registration” approac.
Collabaratory Builder’s Environment (CBE) [6]
provides both a todkit for creaing collaboration
environments and a wmplete wllaboration system. To
suppat extensibili ty, the dient applicaion softwareis a
structured set of applets, which includes srvices (such
as data viewers) and todls (such as multi-user chat,
whiteboard, mail, audio-video conferencing toals) for
collaboration. CBE uses rooms to partition the shared
workspace onsisting of multiple gplets and data
sources represented by URLs. The sesson manager
supparts one shared workspace which corresponds to
one organizaion in our notation, and keeps information
about the users and oljeds in rooms, represented by a
treelike hierarchy. Our framework goes further by

suppating multiple organizations (eadh of them
containing multiple placesworkspaces and users). In
CBE, a user can dynamicdly add new applets and data
to their rooms and move both tods and data between
the rooms. CBE offers suppart for user roles in a room
(observer, member, administrator, restricted) and access
control for use over the network. The shared workspace
may contain applets, users, applet-groups, and rooms.
An applet-group denotes an applet shared among the
users in a room. Rooms are persistent and provide for
synchronous and asynchronous collaboration. CBE
relies on the Web hbrowser in order to display the
sesson manager, the rooms, and the aplicaions
(applets) in separate windows.

The Habanero framework [2] provides sippat for
sesgons, similar to rooms in CBE, which can contain
URLs of data sources and collaboration-aware
applications. A session requires predefining the set of
applications to be shared and dces not alow dynamic
adding of applications. Unlike this, DISCIPLE alows
for moving Beans or adive gplets among places and
organizdions.

Flexble JAMM [1] supparts dharing of single-user
Java gplets in synchronous collaboration. It relies on a
custom-modified version of JDK 1.1, which makes it
non-portable. JAMM primarily targets unarticipated
sharing or spontaneous collaboration where auser is
able to initiate sharing at any time during the execaution
of the gplication, not only before gplication is darted.
Due to the spedfic collaboration model, JAMM user
interface does not represent the wllaboration space
The workspace accgts only one gplet at a time, but
offersaradar view and different types of telepointers.

Although some of the components of the design
presented here eist in other systems, end-user
programming (through the run-time austomizaion of
the user interface ad design-time ollaboration) is to
our best knowledge unique to our framework.

7 Conclusions

This paper has presented a design and implementation
of a graphics user interfface for synchronous
collaboration that allows interadion with shared
JavaBeans applicaions. The interface is part of the
DISCIPLE framework that provides mechanisms to
control its  cooperative  fedures in  an
appli cation-independent manner. The interfaceis not a
complete, monolithic system but rather a cmponent
system that is open and customizable (to the context in
whichit is placed and particular user neels).

Our projed is gill evolving and there ae unsolved
problems that we ae airrently investigating. For
example, if an application (by mistake) exposes chained
events, where an event causes the next event in the



chain, the mllaboration bus is not able to deted this,
and causes duplicae events in remote gplicaions. An
example is when in designtime llaboration a
collaboration-aware gplicaion is chained after any
other application. Another isaue is to what class an
appli cation belongs when it is compaosed of two simpler
applicaions, one ollaboration-transparent and one
collaboration-aware. This is more than a phil osophicd
issue, since d the time of Bean loading the framework
registers different event adapters based on the
applicaion type.

The DISCIPLE framework developed to date has
been  implemented and @ tested on  bath
coll aboration-transparent Java Beans (available on the
WWW) and our collaboration-aware Java Beans. The
applicaions include whiteboarding, collaborative
mapping, speedt signal aaquisition and processng, and
image analysis. We ae aurrently running human
performance experiments to evaluate the interface
design (as well as other aspeds of the framework). For
updated information or software download, check this:
http://www.caip.rutgers.edu/disciple/.
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