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ABSTRACT

Collaborative virtual environments are becming an intrinsic part
of professona pradices. In addition to providing collaboration
suppat, they have the potentia to colled vast amourts of data
abou coll aborative adivities. The am of thisresearch isto utilize
this data dfedively, extrad meaningful insights out of it and
fealing discovered knowledge badk into the environment. The
paper presents a framework for integrating knowledge discovery
techniques with collaborative virtual environments, starting from
ealy conceptual development. Discovered patterns are deposited
in an organizational memory which makes these avail able within
the virtual environment. Two examples of the gplicaion d the
framework are included.
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1. INTRODUCTION

Collaborative virtua environments have becme increasingly
popuar in receit yeas. There ae numerous approaches and
techniques for arranging such environments for collaborative
projeds. The most common approach is to extend the desktop
environment to include tools for meding and sharing files. This
approach takes the individual work environment and adds tools
for communicaing with ohers. Unfortunately, the toolbox
approach handles only limited coll aborative adivity when usually
people procedal effortlesdy between dfferent working styles, in
terms of time, place ad representations. This introduces a gap
that interferes with collaborative adivity. More formally, such
gaps are defined as the physicd or perceptual boundries within
the computer environment that either distrad participants from the
work they are doing, or that block them from crossng spatial,
temporal or functional boundhries, inherent in coll aborative work
[15]. Trying to bridge these gaps, Gutwin and Greenberg [13]
recognized the importance of the ontology of “place” and virtua
environments that follow such ortology. These ewironments
range from simple desktop-style places to sophisticaed virtua
redity worlds (for an excdlent taxonamy of the latter see [7]).
Despite their variety and dfference in functionaity these
environments have several key conceptsin common:

e the oncept of “inserting people” in the networked
environment, in cther words, representing them as me
entities. These representations gan from the so-cdled
“charaders’ in text-based MOO/MUD and Web-based WOO
environments [19] to the “avatars’ in the 3D virtua worlds;

e the oncept of “structuring the space’ in the networked
environment, in aher words, providing some way of
structuring the place separating and handing different
information within the units of this dructure, and some
reference system for orientation and revigation. These
structures gan from the “room” approach in MOO/MUDs,
to the “squares of land’ and “worlds’ in ActiveWorlds
universes,

e« the oncept of “a feasible set of actions’ that can be
performed in the networked environment. This %t defines to



what extent the environment under consideration can be used
for conducting coll aborative projedsin a particular domain.

1.1 People

The establishment of the identity of the people in the virtual place
occurs through the representation o individuas as objeds or
avatars that passessvarious properties, and through the behaviour
of that representation. Objed representations of a person include
charaderistics guch as atextua description, messages abou their
movements in the place and links to web pages to help establish
their identity and personality. An important asped of people's
representation is the variety of “rights’ that can be adgned to
them. Different environments use different terms for this —
privileges, roles, permissons. Thus, the representations are
potential sources of preliminary information about a person's
individuality. However, in collaborative projeds it isimportant to
be ale to make judgments abou the wllaboration d the people
in ateam or in dfferent teams and to reuse such knowledge when
forming teans in ather collaborative projeds. The preliminary
information is not always sufficient for establishing succesul
work. Data mining techniques can be gplied for extrading
information abou the functioning of groups of individuals and
discovering patterns of collaboration besed on pojed
communicaion ketween them. This knowledge can be reused for
configuring groupsin new projeds.

1.2 SpaceStructuring

The ways of structuring of the ewvironment’s gacedepend ona
number of fadors, including the ontology (what kind d placethe
environment is), purpose of the ewironment, the embedded
functiondlity, the preferable communicaion and collaboration
mode [18], underlying techndogies and their integration [22]. For
example, The Virtual Campus (Faaulty of Architecture, University
of Sydney) shown in Figure 1 is organized acording to the
ontology of a university campus. The spaceis dructured in terms
of “rooms’, “levels’ and “buildings’, which foll ows the ontology
of building design. The reference system and the topdogy of the
space ae based onthe purpose of the “buildings’ and the “rooms”
in them. This ontology defines the partition o space[19]. The
spacestructure of avirtual environment usually evolves acording
to the needs of a projed. One way to approach this problem is to
crede “design prototypes’ acoording to the ontology of the
environment. In our example, a prototype of afaaulty building can
be a ‘building” with four “levels’: “Clasgooms’, with rooms for
ead subjed; “Offices’, with rooms for staff members; “Library”,
with rooms that ke information from past subjeds, and
“Common level” which can acommodate general purpose
meding rooms, pradice rooms and aher functional spaces. This
approach daes not cgpture the results of the adua use of the
virtual environment — which parts of it were used more
intensively, what are the “neighbouing” relations (e.g., co-visited
rooms), and aher relations. Data mining techniques can be
applied for discovering such relations. Discovered knowledge can
be refleded in variations of the space structuring of the “design
prototypes’, resulting in bulding alibrary of such prototypes and
reusing them acording to the requirements of the new projed
space

1.3 Feasible Actions
The ontology of the virtual environment can provide substantial a
priori knowledge not only abou the navigation, but also abou the

set of feasible adions in such an environment. Usually the initial
set of adionsis derived from the design requirements. This initial
set can provide substantial a priori knowledge for the analysis and
discovery of patterns of collaboration. The red set of adions used
in dfferent projeds may vary substantially. The overlapping set of
adions forms the ommon kernel set and the rest is the individual
comporent. In the long term, this provides a potential for
designing pro-adive prototypes suppating different types of
projeds. Data mining techniques can be gplied for compasing
such adion sets. Discovered adion sets and spacestructures will
form pro-adive design prototypes, resulting in a library of such
prototypes and their reuse acording to the requirements of a new
projed.
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Figure 1. A “ Conferencebuilding” in the Virtual Campus
(http://www.arch.usyd.edu.au:7778)

The design of collaborative virtual environments (CVE) remains a
craftwork. In this paper we propose to combine CVE and dita
mining techndogy to develop more mherent and consistent
environments.

Collaborative virtua environments have the potential to provide
professona working environments that can suppat coll aborative
projeds in dfferent disciplines independent of geography.
Consequently, they can provide reseachers with enormous
amounts of data @ou various aspeds of computer-mediated
collaboration. Unfortunately, the design o ealier environments
did na pay much attention to the isaues of data lledion [12].
Thus, the goplication d data mining methods had to struggle with
trandating data olleded for other purposes, for example, a server
log used wsualy for corred recovery after a failure, into data
useful for the goas of data mining. Consequently, the ealier
applicaion o data mining methods in collaborative virtual
environments has been focused mainly on the aaysis of
communicaion transcripts — whether recmrded in synchronows
collaborative sesgons or over a bulletin baard in asynchronows
mode.

In this paper we present a framework for integrating data mining
in the design of collaborative virtual environments, in a way that
fadlit ates not only the data lledion and analysis, but aso the
applicaion o discovered knowledge. This framework differs from
the gproach presented by Chen [8], who uwses graphicd
cgoabilities of the virtua environment to suppat the visual
exploration d external datawithin the eavironment itself.



Organizational

Collaborative

Collaboration \

virtual
memory environments e
Conceptual Ontology and R Domain Data
level — terminology under standing under standing
T T
| i i
Structural Topologies and Environment Data
level ' configurations design modeling
T T
| i i
Coallaboration Collaboration Environment Data
level ' under standing utili zation collection /
K nowledge discovery
Knowledge Pattern Data
‘ > representation discovery mining

Figure 2. Framework for integrating data mining in the design and application of collaborative virtual

environments and knowledge extraction from them

After presentation d the framework, we ill ustrate its applicaion
to two cases:

e monitoring and visuali zaion d team coll aboration based on
the data mlleded over projed discusson bards and
incorporating that knowledge

 monitoring and extrading knowledge from collaborative
adivities and incorporating that knowledge

2. THE FRAMEWORK
The presented framework embeds knowledge discovery in
collaborative virtual environments. Itstwo primary goals are:

1. Toinfluencethe design of collaborative virtua environments
s0 asto provide the data necessary for mining and analysis of
collaboration.

2. To feal extraded knowledge badk into the use of
collaborative virtual environments.

As a result, data design and cesign of the cllaborative virtual
environment are seen as complementary and perallel adivities,
affording the oppatunity to control data lledion to a greaer
extent. Knowledge obtained from collaboration chta is a further
contributor to CVE design. A number of related reseach efforts
are underway in the diredion o controlled data wlledion, caried
out mainly in thefield of e-commerce and Web datamining [23].

The framework is down in Figure 2. It includes four major
groups of inter-woven comporents:

1. Collabarative vrtual environments.
2. Collaboration daa.
3.  Knowledge discovery.

4. Organizationd memory.

Moreover, the three @mporents appeaing in the upper part of the
figure cnsist of threeparts, at different levels of abstradion:

1. Conceptua levd.
2. Structural leve.
3. Collabarationleve.

Below, we discuss the amporents of the framework in more
detail .

2.1 Collaborative Virtual Environments
Collaborative virtual environments (CVEs) are the suppat
systems within which collaboration is caried ou. As mentioned
ealier, CVEs are bemming increasingly part of professonal
pradice Such environments aim to suppat cetan work
pradices, hence ae domain-spedfic. For eaty damain, an
understanding of the domain-dependent requirements for the CVE
has to be obtained. On a mnceptual leve this adivity identifies
the concepts to be suppated by the ewironment: the structuring
metapha employed, navigation fadliti es, representation o people
and their abiliti es, artefads and tools provided in the environment,
etc.

On the structural level, this initial step is followed by the adual
design of the CVE when the relationship between the identified
concepts is established and their detail is elaborated. Once
designed (and implemented), the CVE is utilized by its users on
the wllaboration level.

2.2 Collaboration Data

The adivities related to collaborative virtua environments are
paralleled by those related to collaboration data. Within the



presented framework, collaboration dita is that portion o data
which fadlitates knowledge discovery within the domain of
collaboration, regardless of whether it is of dired use within the
CVE. Traditiondlly, virtual collaboration systems did na provide
any particular suppat for data mlledion aimed at knowledge
discovery. Data was e as an internal asped of the system and
only internaly required data was maintained. The presented
framework emphasizes the need for additional datathat can enable
knowledge discovery in the cllaboration damain, and therefore
within this framework collaboration datais treaed separately from
the CVE.

On a onceptua level, domain understanding within the CVE
sphere and dita understanding within the sphere of collaboration
data ae mutualy complementary: once domain uncerstanding
identifies a cncept to be suppated, data understanding identifies
the necessary data dements.

On the structural level, during environment design, data modeling
identifies details of and relationships among the llaboration
concepts and cata.

Finally, on the mllaboration level, the CVE is utilized and
produces coll aboration detawhich is coll ected for subsequent data
mining.

2.3 Knowledge Discovery

The knowledge discovery in this framework differs dightly from
the dasscd schema [10] — the seledion and dbta pre-processng
stages are implicitly embedded in the data design. Therefore,
colleded datais expeded to be realy for data mining.

Knowledge discovery starts with applying traditiona data mining
algorithms to collaboration dita lealing to the discovery of
patterns in the data. As a further difference to the dasdcd
knowledge discovery schema, a step of knowledge representation
isincluded at the end. Its purposeisto map dscovered knowledge
bad into the CVE's representation.

Knowledge discovery aims to produce abetter understanding of
computer-mediated collaboration, and to enable the usage of
discovered knowledge to improve structural fedures. For
example, through analysis of the structuring of virtua
environments, templates of structures of these environments can
be wlleded, implying certain navigation kehaviour. Colleding
data dou actual navigation within the environment can provide a
source for discovering traversal patterns, which can provide
indicaors for improving the topdogy (structuring) of the
environment. Other posshilities for improvement of the
environment exists acording to particular collaboration needs.
This is samething difficult to know ahead of time. In bah cases,
some necessry indicaors for improvement of the structure ae
required, which knowledge discovery provides.

2.4 Organizational Memory

Over the past decale, the CSCW community and related areas
have taken a keen interest in organizaiona memory (OM)
[1].[3].[9]. This suggests that there is value in retaining and later
drawing on hstoricd recrds of virtua collaboration. Such
records could be referenced when setting out on rew virtual
collaboration, to “see how others have dore it”, and perhaps to
reuse axd reenad those wllaboration instances. Unlike
conventional work settings where detail s of collaboration have to
be wolleded manudly through effort-intensive and sometimes

intrusive methods, CVEs are an ided source of data on
coll aboration, particularly when work is predominantly or entirely
caried ou virtualy, as such environments cen automaticdly
record agrea amount of detail onthe llaboration.

While much work in organizaional memory concerns itself with
the content of collaboration, or the dedarative memory, little
work has been dore on harnessng the procedural memory, or
knowledge &ou how work has been caried out. The importance
of utilizing this asped of organizaional memory in groupware
systems has been pdnted ou relatively ealy [9], and again more
recently within the mntext of virtual team effediveness[11]. The
presented framework makes the procedural portion o
organizational memory an integral part of the llaboration
suppat environment by maintaining knowledge extraded from
collaboration environments and making it available within the
environment.

On the ollaboration level, this knowledge relates to an
understanding of the llaboration. For example, it can identify
what main types of adivities were condwted within a virtua
environment, how the adivities were caried ou over time, what
differences exist in the adivity of different people within the
environment, etc. This knowledge car be utilized within the
environment itself, lealing for instance to an adaptation o the
environment itself and/or its interfacein order to fadlitate the
exeadtion d predominant adivities. It can aso serve & a
management and control instrument, which is of particular value
when collaboration is completely virtual and traditiona
management methods are severely limited.

On the structura level, representations of the ewironment's
topdogy are maintained. Where structura patterns are discovered
in aset of environments, thistoois deposited in the organizational
memory in the form of different topdogies and configurations
available for reuse. Such information may feed badk into
environments in use, for instance to rearange the ewironment's
topdogy if its current arrangement is discovered to encumber
work.

Use of collaborative virtual environments may, over time, aso
lead to the emergence of new concepts, or an applicaion o
existing concepts in ways that were not previously anticipated.
These ae deposited onthe mnceptua level as modificaions to
the underlying ontology, and feed into the ongoing development
of a CVE. An example of this is where ax environment ladks a
catain feaure, but where users discover workarounds that,
though cumbersome, all ow the feaure to be suppated. Discovery
of such cases can be of use in the development of the next version
of the CVE to explicitly suppat the feaure.

3. MONITORING AND VISUALIZATION
OF TEAM COLL ABORATION

A typicd scenario from a participatory design sesson in the
Virtual Design Studio is ghown in Figure 3. Such an environment
can provide rich multimedia data, including data @ou the
evolving geometry of a design and transcripts of the
correspondng discusgons of the ideas on ead step; data éou
the dlocaion and behaviour of participants, web content of
projed documentation; even audio and video records. The
transcripts of the “conversations’ (the dat logs) during the
collaborative sesdons are arich data source A methoddogy for
pre-processng and analysing such transcripts and for deriving



measures for estimating participation in synchronous coll aborative
sesgons was presented in detail in [20],[21], and is beyond the
scope of this paper. This approach has been extended to
incorporate the orrline anaysis of projed communicdions via a
discusson bard system. Persona contributions to a ll aborative
sesgon can be evaluated using text analysis of transcripts [21] and
multimedia analysis of related web pages.
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Figure 3. An example of a collabor ative projed in the virtual
design studio

3.1 Environment Design

The design o a bulletin board is part of the environment design
and depends on the projed scenario and its collaboration mode.
Figure 4 shows the onfiguration o a board for a cae where 6
teams are developing their projedsindependently.

3.2 Data Understanding, Modeling and

Colledion

Figure 5 presents a fragment from a team bulletin bcard. The
messages on the board are grouped in threads. A thre€fold split of
the threa structure of e-mail messages in discusson archives was
propased in [4], [5], in order to explore the interadive threals. It
included (i) reference-depth: how many references were foundin
a sequence before this message; (i) reference-width: how many
references were found which referred to this message; and (iii)
reference-height: how many references were foundin a sequence
after this message. The thredold split was extended in [24] to
include the time variable eplicitly. This mode, expressd
graphicdly as a treg dlows the wmparison d the structure of
discusson threads both in a static mode (for example, their length
and width at correspondng levels) and in a dynamic mode (for
example, deteding moments of time when ore thread daminates
ancther in multi-threaded discussons).

3.3 Data Mining and Visualization

Based onthis model, on-line visualizaion techniques have been
developed, which are modified versions of the nested set
visualization o treestructures [16]. Figure 6 shows an example of
such visuali zation applied to threads “A” and “B” from Figure 5.

Eadh first message in a level is represented by a crrespondng
redangle, labeled in this example to illustrate the message
corresponcence Thus, there ae four nested redangles in Figure
6a. When messages are & the same level, the thicknessof the line
is estimated based on the mntent-analysis of the messge,
including the text, graphics and images. As a reasonable gproxi-

mation, ea of the relevant messages on the same level can be
represented as additional 0.5 pt to the base line thickness In
Figure 6b the base line thicknessis 1 pt, thus redangle “M2B”
has thickness2.5 pt.
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Figure 4. Team bulletin board configuration
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Figure 7 ill ustrates the gplicaion d the technique for monitoring
collaborative teans. Collaboration cen be wmnsidered at different
levels of task sharing. Two extreme gproacdes to sharing tasks
during collaboration are identified in [17]: single task
collaboration and multiple task collaboration. During single task
collaboration, the product is a result of a cntinued attempt to
construct and maintain a shared conception d the task. In other
words, eah of the participants has higher own view over the
whole problem and the shared conception is developed duing
intensive discussons. The basic assumption is that collaboration
style influences the ommunicaion pattern. An example, of the
visual pattern of such type of collaboration is presented in Figure
7b. It is charaderized with relatively large numbers of nested
redangles, usudly indicaing also several messages in resporse to
a paticular messge. During multiple task collaboration, the
problem is divided among the participants © that eat person is
resporsible for a particular portion o the product. Thus, multiple
task collaboration daes not necessarily require the aedion d a
single shared conception, thus messages are usually related to
projed management. Isolated messges and short threads
dominate this coll aboration style, asill ustrated in Figure 7a.

3.4 Organizational Memory

The organizaional memory in this case can consist of a seledion
of patterns that correspond to a spedfic oollaboration. The
patterns can asdst the restructuring of the bulletin baard system
for simil ar types of projeds. For example, if particular aspeds of a
new projed are expeded to generate intensive and long threads
with important information, they can be dlocaed separate boards
within the team discusdon area Content analysis of the messages
can reved some spedfic terminology. Apart from identifying
participation and collaboration petterns, it has been dfficult (if
not impossble) to extrad and analyse data that can provide
insights abou structuring the ewvironment and the feasible set of
adions withou preliminary design of the adion dbta to be
recorded.
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4. MONITORING AND EXTRACTING
KNOWLEDGE FROM COLL ABORATIVE
ACTIVITIES

A second example of the gplicaion o the framework is related
to the LiveNet virtual collaboration system. The framework was
paticularly applied in the aeas of collaborative virtua
environments, collaboration dbta, and knowledge discovery. We
first introduce the LiveNet system, then show how the framework
was applied.

4.1 LiveNet asa Collaborative Virtual

Environment

The LiveNet system is a virtua collaboration system prototype
developed at the University of Techndogy, Sydney [14]. It
suppats mainly asynchronous collaboration o distributed groups
of people, i.e. different-time, different-placeinteradions, athough
its design daes nat limit it from other modes of collaboration. A
central server is accesxd aaqoss the network through ore of
several client interfaces, most commonly through a Web interface
(as shown in Figure 8). LiveNet provides virtua workspaces
which lring together people, artefads (e.g. documents),
communicétion channels, awvarenessfadliti es, and a @lledion o
todls, al tied together through a onfigurable governance
structure. A simplified ortology of the LiveNet CVE is shown in
Figure 9. In terms of the ontology, workspaces contain roles,
occupied by participants (i.e. adua people), who perform adions.



Some adions may operate on daument artefads, others may be
interadions with other workspace participants through
discusdons. Most workspace éements such as documents,
discusdons and participants, may be shared between workspaces.
Thus workspaces are not just stand-alone entities but nodes in a
network of inter-conreded collaboration spaces. Neither are
structures of workspaces in LiveNet static—once ceded, a
workspace ca be dynamicdly adapted to evolve together with the
collaboration carried ou in it, whil e likewise entire “emlogies’ of
inter-conreded workspaces can co-evolve.

4.2 Integrating Collaboration Data

Early versions of LiveNet had na been developed with the
suppat of knowledge extradion in mind. Consequently, only a
limited amourt of collaboration data was avail able, namely only
data which was necessary for the internal operation d the system.
Whil e this allowed some structural-level feaures to be extraded,
there was no data to suppat the extradion o coll aboration-level
or conceptual-level feaures.

Subsequently, the provision d suitable ollaboration dbta was
“retrofitted” onto an ealier version d LiveNet. Building on the
existing domain uncerstanding, conceptual data requirements
were developed, followed by data modeling. These were
integrated into LiveNet by appropriately adapting its design (and
implementation) — correspondng to the flow from data modeling
to environment design in ou framework. Finally, colledion o the
new collaboration deta and knowledge discovery foll owed.

Thefirst iteration d this cycle lead to some knowledge extradion,
both on the wmllaboration and the structural levels. However,
analysis of the wllaboration aso reveded that cetain data
elements which were not cgptured at the time would be needed to
provide amore complete picture of the mllaboration. This had na
been acmurted for in the first cycle of integration o coll aboration
data. Consequently, a seand cycle was initiated in which data
understanding and data modeling were refined, and environment
design was brought up-to-date with the new data model. The
subsequent data olledion and data mining leal to a more
comprehensive analysis of collaboration and a richer knowledge
discovery. Following this ssmndcycle, new data requirements are
already emerging which, once implemented, will leal to a yet
richer body of collaboration data. This confirms to us the validity
of our framework in feeding discovered knowledge badk into the
ongoing development of the mllaborative environment. It also
highlights the fad that thisis likely not achieved in asingle dfort,
but is an iterative process with insight from ead iteration
triggering a new iteration.

4.3 Knowledge Discovery in LiveNet

Collaboration data in LiveNet consists of two parts: a database
contains the internal data of the CVE, maintaining the aurrent
state of al workspace éements (documents, roles, participants,
etc.). The seoond art is a set of log files that are external to the
system itself and which record al user adions caried ou in the
system over time. Although the vast mgjority of usersinterad with
LiveNet through a web interface the log records captured by the
LiveNet server are on a semanticdly much higher level than those
in the correspondng web accesslog. While aweb log includes IP
addresses, document names, timestamps and htp request types,
the LiveNet log records information in terms of the LiveNet
CVFE's conceptual model. Thus every record includes the name of

the workspace ad its owner, the name of the participant carrying
out the adion, hisgher role name, the LiveNet server command
requested, etc. This allows analysis to exploit metadata available
in the gplicaion and to capture higher-level adions than a mere
web log does (this corresponds to the goproach of [2]).

The anaysis we caried ou focused primarily on the log of
collaboration adions, and to a lesser extent on the workspace
database. It involved pre-processng of the log, visudizaion o
workspacedata, and adual data mining. The pre-processng step
normalizes £sson numbers, aggregates lower-level events into
higher-level adions, and cdculates ssson summaries. In this
context, a sesson is the sequence of adions caried ou by a user
from login to logout time. Data pre-processng is considered part
of collaboration dita lledion and is usualy automaticadly
performed.

The data used ariginated from students and instructors of a
number of courses at the University of Techndogy, Sydney, who
used the LiveNet system both to coordinate their work, and to set
up workspaces as part of the students assgnments. The data
covers a threemonth period, with a total of 571,319 log records,
They were aygregated into 178488 hgher-level adions in a tota
of 24,628 sesgonsinvolving 721 workspaces and 513 gers.

4.4 Space Structuring

During knowledge discovery, using visualizaion cetain of the
relationships existing within and between workspaces can be
discovered. This particularly aids exploratory anaysis, when the
purposeisto get an understanding of the structure of, and petterns
in, the data. We seleded data originating from students of one
course who wsed LiveNet during the mentioned period. There
were atotal of 187 student users, organized into 50 mostly 3-5
person groups, whose use acourted for about 20% of the eove-
mentioned log data.

Initial visudizaion focused on retworks of workspaces, to
discover how individual student groups partitioned their work in
terms of distinct workspaces, and to what extent these workspaces
were linked to ore ancther. This exploratory analysis reveded two
distinct patterns. the majority of users preferred to use just one
workspace to organize dl their course work (such as posting
drafts of assgnment documents, discussng work distribution and
problems, etc.). This workspacetended to contain many objeds—
or have ahigh absolute workspace density [6]. We term such
groups centralizers. To a cetain extent, this mode @rresponds to
the single-task coll aboration mentioned ealier. On the other hand,
afew groups tended to partition their work acossa lledion o
conreded workspaces, usually with a separate workspacefor eat
major course asgnment. These workspaces tended to contain
fewer objeds (having a lower absolute workspace density) than
the ones of the centraizers. We term these groups partitioners.
Their collaboration style @rresponds to the multi-task
collaboration.

Figure 10 shows a map of LiveNet workspaces with colours
highlighting absolute workspace density—lighter colour
indicaing lower density, darker colour indicating higher density.
Branching out from the central node & the top are networks of
workspaces for three groups. Nodes represent workspaces, edges
represent hierarchicd relationships between workspaces. What the
map reveds is that the group onthe right, Tean40, has a very
high density in the workspace used for fadlit ating its work (the



workspace Tean40 Master). Moreover, it uses only one
workspace for this purpose. Thus the right group is a typicd
example of a cantralizer. On the other hand, workspaces in the
group at the centre have amuch lower density. Out of the eght
workspaces in this group, six are used for fadlit ating aspeds of
the group swork. Thisisindicaive of a partitioner group.
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Figure 10. Workspace densities of three different groups

There ae plausible explanations for both the centralizer and
partitioner cases. Both approaches have their own advantages: in
the centralizer case, it is convenience in na having to creae
multi ple workspaces, to switch between them, and in addition to
have everything available to all participantsin asinglelocation. In
the partitioner case, the alvantage is increased clarity, structuring
acording to task, and consequently reduced cognitive load in the
case of multi-task collaboration. Furthermore, some groups may
bring certain preferences as to the way to organizetheir work into
workspaces and enad these preferences in the way they structure
their virtua working environment. When such preferences are
recognized duing knowledge discovery, and deposited in the
organizational memory, they can feed badk into the design of new
virtual collaboration environments, thus helping to ofer more
adequate suppat to cooperative groups with dverse working
styles.

4.5 Feasble Actions

A further areawe investigated was focused onidentifying which
adions different groups mainly carried ou within LiveNet. All in
all, 80 dfferent adions are available in LiveNet. The majority of
student groups used orly abou half of these. The mgjor adions
caried ou are related to the main LiveNet conceptual elements:
workspaces, roles, participants, documents, and dscussons. A
taxonamy of these ationsis presented in Figure 11.
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Figure 11. Taxonomy of major high-level LiveNet actions

While dl groups had been given the same task—to prepare a
number of assgnments and to set up a @lledion o workspacesto
suppat a given process—the way they implemented this task
varied markedly. This was evident in a number of aspeds of their
use of the LiveNet system, such as intensity of use, number of
workspaces creaed, number and length of sessons, number of
adions per sesson, etc. One aeaof our anaysis focused onthe
propationa distribution o main adions. This reveded that
strong differences existed among different groups. To ill ustrate
two examples, Figure 12 shows adion dstributions among the
major high-level adions of the taxonamy of Figure 11 for one
group whose distribution o adions was fairly even aaoss
caegories (with the exception d the participant caegory): the five
major adion caegories did na vary gredly, nore of them
excealing 0.29 d the total (circle size signifies propartion ou of
the total).
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Figure 12. Relatively even distribution of actionsin group 1

Figure 13, on the other hand, shows a highly uneven dstribution
of adions in another group, where one adion category (role)
strongly dominates with 0.56 d the total, and two other adion
caegories (document and dscusson) barely register.
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Figure 13. Highly uneven distribution of actionsin group 50

This difference may be explained when considering that group 1
(Figure 12) had a total of 627 sesdons consisting of a total of
7446 adions, while group 50 (Figure 13) had orly 36 sessons
and 633adions. Not only did group 1 e LiveNet much more
intensively, but they also made much greder use of the system to
fadlit ate their own work (as manifested in the solid propartion
adionsin the document and dscusdon caegories). Thus the skew
in adion dstribution towards role-related adions on the part of
group 50is caused by the under-utilization o other LiveNet
feaures, not by an absolute high number of adions related to
roles (in absolute terms, group 1 caried ou 431 role-related
adions, while group 50caried ou only 142 such adions). It
shoud be noted that the choice of these two groups for ill ustration
was not coincidental: group 1was the best-performing goup in



the ourse, while group 50was the worst-performing group, as
measured in the marks obtained for their asdgnments in the
course, one of which involved heary use of LiveNet. The situation
was comparable in other similarly scoring groups.

When such cases are identified and included in the organizational
memory as part of arecord of coll aboration, they can be of usein
evaluating virtual work. This can be particularly useful with fully
virtual teams that never meea faceto-face where mnventiona
management methods for projed monitoring and control are
severdly limited or absent. The organizaional memory thus takes
onthe aditional role of a management instrument.

5. CONCLUSIONS

Collaborative virtua environments have the potential to change
the way we work. Unfortunately, ealier observations of human
adivities in them uncovered very few aspeds of computer-
mediated collaboration. The new generation d environments has
the potential to produce vast amourts of data eou coll aboration.
Data mining techndogies offer instrumentation cgpable of
extrading semantic information with the potential to turn
colleded data into vauable &sts. The integration o
collaborative ewironments with data mining tecndogies
provides unique oppatunities to urveil some seaets in the at of
human coll aboration.

The framework presented in the paper looks at the integration o
data mining techndogies in coll aborative virtual environments at
the ealy design stages of the virtual environment. A key issue &
the design stage is the seledion d the data that shoud be
recorded. These remrds are mmplementary to the standard logs of
the web server. Careful design and analysis of this log have the
potential to lead to improvements of the structure of the space ad
tuning the set of feasible adions with resped to the purpose of the
environment. The gplicability of the framework has been tested
and demonstrated onared environment.

An important part of the framework is the way knowledge is
returned bad to the ewironment. The framework alows aso a
feadbadk from the organizaional memory towards modificaion o
the knowledge representation schema, used for representation and
incorporation o discovered knowledge. The detailed discusson
of the iswues related to the modificaion o the knowledge
representation schema, however, are beyond the scope of this

paper.

6. ACKNOWLEDGMENTS

This reseach has been suppated by the Austraian Reseach
Courxil, the University of Techndogy, Sydney and the University
of Macau.

7. REFERENCES

[1] Ackerman, M.S. Augmenting the organizaiona memory: A
field study of Answer Garden. In Proceadings of the
Conferenceon Computer Suppaoted Cooperative Work,
1994 243252

[2] Ansari, S., Kohavi, R., Mason, L., and Zheng, Z. Integrating
e-commerce and data mining: Architedure and challenges. In
WEBKDD 2000Workshop: Web Mining for E-Comrerce—
Challenges and Oppartunities, 200Q

[3] Bannon L.J., and Kuuitti, K. Shifting perspedives on
organizational memory: From storage to adive remembering.

In Proceealings of the Twenty-Ninth Hawaii Internationd
Conferenceon System Sciences, 1996 vol. 3, 156-167.

[4] Berthald, M.R., Sudweeks, F., Newton, S., and Coyne, R.
Clustering on the net: Applying an autoassociative neural
network to computer-mediated discussons. Journal of
Computer Mediated Comnunication 2 4 (1997. (Avail able
at: http://www.ascusc.org/jcmc/vol 2/issued/berthold.html).

[5] Berthold, M.R., Sudweeks, F., Newton, S., and Coyne, R. It
makes ense: Using an autoassociative neural network to
explore typicdity in computer mediated dscussgons. In
Sudweeks, F., McLaughlin, M., and Rafadi, S., eds. Network
andNetplay: Virtual Groups onthe Internet. AAAI/MIT
Press Menlo Park, CA, USA, 1998 191-220

[6] Biuk-Aghai, R.P., and Hawryszkiewycz, |.T. Analysis of
virtual workspaces. In Kambayashi, Y., and Takakura, H.,
eds. Procedalings of the 1999Internationd Symposiumon
Database Applicationsin Non-Traditiond Environments,
1999 325332

[7] Capin, TK., Pandzic, |.S., Magnenat-Thalman, N., and
Thalman, D. Avatars in Networked Virtual Environments.
JohnWiley and Sons, Chichester, 1999

[8] Chen, C. Information Visualization andVirtual
Environments. Springer-Verlag, London UK, 1999

[9] Conklin, E.J. Capturing organizaional memory. In Baeder,
R.M., ed. Readings in Groupware and Computer-Suppoted
Cooperative Work: Asdsting Human-Human Coll abaration.
Morgan Kaufmann Publishers, 1993 561-565.

[10] Fayyad, U.M., Piatetsky-Shapiro, G., and Smyth, P. From
data mining to knowledge discovery: An overview. In
Fayyad, U.M., Piatetsky-Shapiro, G., Smyth, P., and
Uthurusamy, R., eds. Advancesin Knowledge Discovery and
Data Mining. AAA | PresSMIT Press Menlo Park,
Cadlifornia, USA, 1996

[17] Furst, S., Bladkburn, R., and Rosen, B. Virtual tean
effediveness A proposed research agenda. Information
Systems Journal 9, 4 (1999, 249-269

[12] Greenhalgh, C. Large Scale Collabarative Virtual
Environments. Springer-Verlag, London UK, 1999

[13] Gutwin, C., and Greenberg, S. Design for individuals, design
for groups: Tradeoffs between pawer and workspace
awareness In Procealings of the ACM Conferenceon
Computer Suppaeted Cooperative Work, 1998 207-216.

[14] Hawryszkiewycz, |.T. Workspacenetworks for knowledge
sharing. In Debrency, R., and Elli s, A., eds. Procedalings of
AusWeb99, The Fifth Australian World Wide Web
Conference 1999 219-227. (Avail able &: http://ausweb.scu.
edu.au/aw99 papershawryszkiewycz/paper.html).

[15] Ishii, H., Kobayashi, M., and Grudin, J. Integration o
interpersonal space ad shared workspace Cleaboard design
and experiments. In Greenberg, S., Hayne, S., and Rada, R.,
eds. Groupware for Real-Time Drawing: A Designer's
Guide. McGraw-Hill , Berkshire, England, 1995 96-125

[16] Knuth, D.E. The Art of Computer Programming, Vol 1:
Fundamental Algorithms. Addison-Wesley, Realing, MA,
USA, 1973



[17] Maher, M.L., Simoff, S.J., and Cicognani, A. Potentials and
limitations of virtual design studio, Interactive Construction
On-Line, al (1997).

[18] Maher, M.L., Simoff, S.J., and Cicognani, A. Understandng
Virtual Design Sudios. Springer-Verlag, London UK, 2000

[19] Maher, M.L., Simoff, S.J.,, Gu, N., and Lau, K.H. Designing
virtual architedure. In Procealings of CAADRIA200Q 200Q
481-490. (Avail able &: http://www.arch.usyd.edu.au/
~chris_a/MaherPubs/2000pd/caalria200Q pdf)

[20] Simoff, S.J. Monitoring and evaluationin coll aborative
leaning environments. In Computer Suppoted
CollabarativeLearning, 1999 (Avail able &:
http://kn.cilt.org/cscl 9YA8IA83. htm).

[21] Simoff, S.J., and Maher, M.L. Analyzing participationin
collaborative design environments. Design Sudies 21,
(2000, 119144

[22] Simoff, S.J., and Maher, M.L. Loosely integrated open
virtual environments as places. Learning Techndogy 3, 1
(200)). (Available &: http:/Ittf.ieeeorg/lean_ted/issues/
january200Yindex.html#3).

[23] Spiliopodou, M., and Pohle, C. Data mining for measuring
and improving the successof web sites. Data Mining and
Knowledge Discovery 5, 1/2 (2001, 85-114.

[24] Sudweeks, F., and Simoff, S.J. Complementary explorative
data analysis: The recncili ation o quantitative and
qualitative principles. In Jones, S., ed. Doing Internet
Research. Sage Publicadions, 200Q 29-5.



