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ABSTRACT

Collaborative virtual environments (CVESs), whichvlabeen a research topic in Computer Science amadaHu
Computer Interaction for years, are becoming moik rmore popular for everyday use, specifically sbecess

of Second Life being the most prominent exampleesehenvironments offer a huge potential for nowghg of
human interaction and cooperation that have ybetocompletely discovered and analyzed. This papalyzes
Second Life in the context of Computer Supportedpgoative Work — in what forms can Second Life
contribute to facilitating joint work? Different élories from CSCW are used to classify the potenfisecond
Life in these regards. Our conclusions include tBatis already a good CSCW tool in many respects,
particularly when it comes to awareness supportsymthronous remote collaboration. Current wealases$

SL from a CSCW perspective include asynchronousneonication support and its lack of interoperabiitigh
other tools.

1 Introduction

The World Wide Web has been constantly growing eimahging since its creation in the early 1970s & iain
will probably continue to do so with hard- and safte advances. People like to divide the developriren
different stages. The first stage is often titlsdtee “Web 1.0". In this first generation, the weas designed as a
primarily static way of providing and retrievingfammation. Servers contained and presented thrimdtion
and the users consumed it. In the late 1990s, mgehslowly began. The resources in the web becaone and
more dynamic, as evidenced by the idea of forunasveikis which exceeded the possibilities of thetfistage.
The “Web 2.0” can be characterized by the fact thsrs can expand it and contribute. Information ke
exchanged and discussions about different opini@e®me more and more important. The classic hieicakt
information delivery is no longer the sole purpo$¢he web. The user has the option to participatnd design
his “own web” — a fact which contributed to the reatfocial Software” for Web 2.0 applications. Seed like
“cnn.com,” for example allow the user to decide abthhews he wants to have on his screen and oneeof t
options is to generate his own news feeds. Otltes fike ebay or amazon.com rely on the user assaential
part of their system (in these cases, through feedlratings and reviews). Further, applicatioks tel.icio.us
or flickr exist for the primary purpose of allowingsers to share resources — in these cases, bdakiaaa
photos.

The term “Web 3.0” is slowly developing. Some grswpnsider the Semantic Web (Fensel et al., 2002 e
main characteristic of this term. Others considdual realities like Second Life (SL) or “CroqudBmith et al.,
2003) as the most important advancement of the yusthifying a new “version number”. This new didita
medium is not only as interactive and cooperat¢ha “Web 2.0, but offers integrated 3D virtuabnds with
avatars (and thus representations of passive ipanits). This advances past the old 2D environmg@vitore
and Budd 2007).

The scientific community has researched virtual &ironments for quite some time — yet, the enosnou
potential of these “Web 3.0” virtual worlds (whiehe gradually becoming more and more common ayeagr
tools) has not been fully explored yet. With ak thnedia coverage, Second Life is probably the rfavabus
example for a “Web 3.0” environment at the momé@&iscussions are heated when it comes to both teeadd
the implementation of Second Life, particularlytie blogosphere. Some people characterize SL gsaogdme
(The Inquirer, September 11, 2006), while othergertheir view on business opportunities with In(8leville
Hobbson, August 2, 2006). Even more radical viewstedepicting Second life as a “Money Making Ryia
Scheme” (Capitalism 2.0, January 23, 2007). In soowmtries, legal authorities are starting invesdtans about
SL, e.g. because of pedophiliac content (News.obpnil 12, 2006), or because the Linden Labs Motey
Linden Dollar exchange policy is problematic undarious gambling laws in the US (Reuters, Apri2@07).

In addition to these discussions about purpose legdl aspects of SL, there are serious studiestatheu
advantages of Second Life (and other CVESs) for atiloical purposes (Livingstone and Kemp, 2006; Brauwd
Bell, 2004). Results of these studies imply thallabmrative virtual worlds can indeed stimulate iabc
interactions.



In this paper, we analyze in how far today’s cafliative virtual environments have the potentiabéonot only

a means for social interaction support, but (beytirat) tools for Computer Supported Cooperative KVor
(CSCW). Second Life is the most popular represaemtatf an interactive metaverse and thereforeadasis for
our analyses. In the following sections, we revib& most important “traditional” analysis critefa CSCW
tools, and apply them to SL.

2 Second Life as a Cooperation Platform - a Systeria Analysis

The following subsections describe the potentinincsome cases proven value, of SL as a tool doperative
work. Each of the subsections focuses on a diffefigaditional” perspective on computers as catliation
tools — as contained in literature within the feelof Human Computer Interaction, Groupware, and WSDix

et al. 2004; Gutwin and Greenburg, 2002; Andries2003). We start in 2.1 — 2.3 with an analysisianw far
SL fits into “classical” groupware functions andegories.

2.1 Computer mediated Communication

One central function of computers within a coopeeatvork process isnediating communicationCSCW
literature often structures communication suppéwh@ the time/space dimensions shown in table tose
Life, like most 3D virtual environments, is mairdgsigned for people who are not close to each athtbe real
world; therefore, there are no specific featurescfolocated communication. Yet, one can well arthat the
SL generates the feeling of co-locatedness — ansuels attempts to support remote collaborationuttno
simulating the feeling of being physically co-losat

Table 1. Degree of SL support for different dimensi of Computer mediated Communication

Synchronous | Asynchronous
Co-Located no specific SL support
Remote +: well suited, many -: lack of support for
kinds of collaboration basic  asynchronous
possible communication

The more interesting dimension of table 1 (for tipigper) is the distinction between synchronous and
asynchronous communication. Here the far more deeel aspects of SL are the different options for
synchronous communication. Two avatars can comeatmiacross SL using Instant Messaging, regardliess
where they are in the virtual and physical worlgirlg the options of internal groups, this can beaexled to a
large group of people. If two or more avatars nie¢he virtual world, they can also use a diredtolwhich can
be heard by anyone in the vicinity. This is uséfulad-hoc conversations about aspects (object#)lgiin SL.
The person-to-person IM and the face to face mgdtave the advantage that users can see when serigeon
typing — a form of communication awareness (see ‘@svareness” subsection of this paper). With the of
social protocols it is easy to run conversatiots Way and manage the floor control problem. Thig problem
that arises is when groups use the group-IM omtilvaber of avatars becomes so large that the tygpasture
cannot be seen anymore. For this case, differdnti@os would have to be developed (either techlyicar
socially). One advantage of the face to face chdbhat the avatars can use emotions like gestareshance
their conversation. These gestures and the comdspp body language are very important in real life
conversations, and one can argue that the moverardtbody gestures of a virtual avatar are a bstiestitute

of real-life gestures than traditional text-basggressions such as smilies. Recent additions tm&8ude Vivox
(Vivox 2007) and Second Talk (Second Talk 2007 )eSEhare new tools which allow conversations usiogé&/
over IP. Last year, Vivox even offered an optionctdl real-life phones from SL (Second Life Insid906).
Second Talk uses the technology of Skype. In tasedhe user needs a regular Skype account td usSL.
Linden Lab also announced even more advanced ésatdraudio communication and plans to augment &b w
localized audio conversations which model the “antit” hearing model in the real world (ITWire 2007
Reuters Second Life News 2007). If different austieams are merged intelligently in real time (tegrate
“surrounding” sound and personal communicatiots$, lhas the potential to become a powerful groupvi@ol.
The second dimension of communication is relatetthéoasynchronous case — i.e., persons commurgoatth
each other with a longer time delay between messageing and receiving. The most traditional anmtessful
asynchronous communication medium is email, whichlso embedded into SL: since IM can be sent ipeile
to an offline member and are available once thesgretogs in again, a basic asynchronous commuaitati
function is available. The use of note cards allewsing larger messages with objects attachedce&every
avatar and every object in SL has a unique ideatifbn key, the use of scripting allows note cdaodse mailed

to different people easily if the keys of the réeis are known. Using groups in SL also simpliftas
distribution of messages and allows for group roafts.



Beyond these “basic” features however, the asymehus communication features in SL are not well ted.
Structured asynchronous communication, such aadbrediscussions ordered by topic or time or thisiaeing
of objects that are being co-developed by growgpsot supported at all.

Another important aspect for asynchronous grougkwsthe possibility to save conversations and slens for
later reference. An example: if someone arrives fata discussion, he might need the option ofingaithe past
conversation to be able to understand the curtame.sWhile the histories of the conversations arailable
during the current session, there are no optiorsate them permanently in SL. Another missing feais the
option to create subgroups for discussions nouding all members of a given group. Figure 1 ilatts most
of the conversation options. On the top, threeomstiare presented from left to right: The groumrimfation
with its members, a note card, and a group no@icethe bottom right the IM window is placed havififferent
folders for various private or group discussiornise Dottom left holds the history of the local casation. This
demonstrates that Second Life covers most aspécgnchronous communication considered important fo
CSCW.
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Figure 1: Conversation options in SL
2.2 Meeting and Decision Support Systems

The second important function of CSCW tools includeeting and decision support. Here typical system
include argumentation tools, meeting rooms, andesharawing surfaces. Groups in SL have options for
presenting proposals and voting. These voting etsare also recorded for future reference. Sh albws
virtual meeting rooms where avatars can meet fecwdision. With the high degree of communicatiorpsup
and action awareness, this alone can be considaredeeting support. However, there is no general
implementation of an explicit “shared workspacethathe notable exception of the shared editinglgpéats. A
facility for noting shared results is missing. QalerSL still has to improve in many aspects tdlyelecome a
useful meeting and decision support tool.

2.3 Shared Applications and Artifacts

Besides communication and decision support, thel important function of CSCW tools is the provisiof
shared artifacts to work with jointly. People wark different things while in Second Life. Most det work
on creating virtual objects. For this task, Secaifé supports cooperative work. Using shared pesioiss,
users can jointly work on the same object (to daierextend even at the same time). The only weskmégth
respect to jointly working on SL objects is theigting part. In this instance, shared permissioosdt work
well — currently, it is not adequately supportechliow users to create a dynamic object with sedpbehavior
in collaboration with co-workers (see use casethinnext section for more detail). Sharing non-$tifacts
(like a text document or a spreadsheet) for jointkwin SL is even more problematic. SL currentlynist a
suitable tool for these kinds of tasks.



2.4 Awareness

Awareness in groupware is an important factor (Gutand Greenburg, 2002). Knowing “what is goingion
the system” is essential for groupware users. S_ahbot of tools helping awareness; for examplatas can
always see where other avatars are located, if dheyvorking with an object or typing in local censations.
These are all aspects contributing to an awaremgsgnvironment.

Answering the question “who is there?” (situatioralareness) is essential for successful group itgesv
because people like to know about the status af tdwsvorkers. As long as the coworkers are logged 5L
you have a chance to see their position. For exantpgure 1 shows a list of all online members a@fraup.
There are also possibilities of generating “awassrabjects” which show when someone is online. Qoceare
in visual range, it is possible to see some ofavetars current actions such as the typing pogtufigure 2 or
the object selected in figure 3.

The question “what has happened?” (workspace awaseand situation awareness) is also central wearia
groupware tools. In SL, if a new object is creabedn existing object is changed it is normallyyetmssee the
changes. More subtle changes (script, minor sizdiffnations) can usually go unnoticed. On the otbigie,
email notifications are sent if another user hagikeed or accepted objects (like note cards) sehinb.

The third important awareness question “How ditaippen?” (workspace awareness) is normally nofifples®s
answer in SL unless visible changes are closelgrobd. Even in this case no detailed data is aMeil@nly the
observable parts might allow conclusions aboutaitiens taken. SL is therefore covering situatiawreness
and parts of the workspace awareness.
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Figure 3: Pointing at the object to edit combinethw line of white dots helps with workspace awass
2.5 Group Process Support

Andriessen (2003) identified five different groupppesses that groupware can support. While twbexd have
already been discussed in this paman{municatiorandcooperation, the third iscoordination In addition to
the voting feature mentioned before, SL offers sother coordination functions. It is possible tsigs certain
roles inside a group. Yet, it does not seem passibl systematically coordinate workloads, whichais
important aspect of coordinated wotknowledge sharingthe fourth group process in the categorization of
Andriessen, has different aspects in SL. FirstIpfSL has a large user community and a lot of peaye
willing to help with any problems concerning SL.iFhis a huge advantage when it comes to any prablem
concerning building or scripting objects. Seconfi ldan also be used to share knowledge. Mason andalir
(2006) have demonstrated how SL can be used ta@ssftdly train students using SL as a shared wadesp-
this exemplifies the knowledge sharing potentiabbf The fifth type of group process is thecial interaction

of group members. In goal-oriented short-time gepupis aspect is normally less important. For &mgyojects,
group members normally try to meet in person tdebeget to know each other. Typically, these peason
meetings can in parts be substituted by video cenfes in later phases of the project. Studies by
Haythornthwaite et al. (2000) showed that initiadyisting social bonds can be easily expanded aockated
using digital media. It remains to be investigate&L is immersive enough to replace real life nragg all
together. The idea of SL is to create an altereagicial setting: communication is possible in mémns, and
the individualization of avatars helps to represmattain personal characteristics of the users. tiiéneor not
these social interactions can create bonds sirtilaieal meetings is a topic to be studied in therfu In
summary, for the most part, the current featureSlinsupport the five group processes. Stronger atipyd
coordination is needed to cover all aspects.

2.6 Requirements Analysis

Having looked at different functions of groupwarethe previous subsections, we conclude this seetith a
more global view combining different requiremerds ¢ooperation. The integrated theory upon which view

is based has been presented by Andriessen (2088)cembined different aspects from Activity Theohgtion
Theory, (Adaptive) Structuration Theory, Technologgceptance Theory, Media Match Theory and more.
Andriessen describes 7 different requirementsHerdesign (and evaluation) of collaboration tecbggltools —
table 2 shows how SL can be characterized in tefrtteese requirements.



Table 2: Groupware requirements — and how SL fsilfiiem

Parameter Description Evaluation of SL Relevantorhe
Technical Tool evaluation includes The hardware requirements of SL are fulfilled
efficacy aspects of functionality, by all currently sold computers. DSL and Cable

reliability/robustness,
portability, maintainability
and others

are slowly becoming the standard, but there 4
still a lot of locations where slower connectior
present problems. The other problem is the Ig
of robustness of SL. It happened in the past t
servers were shut down or crashed without
warning. During peak access time, the systen
also becomes much less fluent. Graphical
inconsistencies also happen quite frequently.

wre
s
ck

hat

Context match -
Fitting the user

Systems have to be easy to
use. Most users are not
interested in spending a lon
time learning a complicated
tool. The rewards have to b
really large to invest
learning time at the
beginning

SL is a user-friendly environment. The tutoria

teaches a lot of the necessary basic skills.
gCombined with the help option, web-knowled

bases, and the help of other users, most of th
pfeatures can be learned and used easily.

Action Theory

je

D

Context match —
Fitting the task

Users need the
functionalities for the task.

This depends on the specific uses of SL.
Different uses of SL and its (dis)advantages
were discussed earlier. SL not only supports
cooperative work, but also the work of single
individuals.

Technology
Acceptance
Theory; Media
Match Theory

Context match —
Matching the
social and
physical setting

Group structure,
composition and backgroun
need to be considered.

SL allows to outwardly represent some of the

dcultural differences while making them visible
to all members of the group. In an internation
cooperation, an Asian group might design the
work area and avatars differently than British
workers. If a group member meets his
coworkers in their environment he is confront
with a different visual setting helping to remin
him of the potential cultural differences existir]
between him and the other person.

Social

Psychology;
alGroup Dynamic
irrheories

ed
d
g

Interaction
process support

The software should suppo
intended processes without
hindering others. These are
basically the 5 aspects
discussed above. Individual
task performance is also an
important aspect and shoul
never be hindered.

t SL might not support all of these functions, by
also does not present any obvious obstacles.
only exception is that running SL in the
background might divert computer power and
bandwidth. There is also the possibility that th
attention of the user gets distracted.

)

ItActivity Theory
The

Outcome support

The tool should contribute
the outcomes and not hinde
other outcomes.

tBL might not contribute a lot towards product

rcreated for the outside of SL. But with the
strong social component it helps with group a
possibly personal outcomes. Organizational
outcomes seem to get little support by SL.

5 Theories for
quality of work,

ndf group
dynamics and of
organizational
effectiveness

Introduction,
adaption and

group
development

The tool should be adaptab
by users and groups.

eThe system allows a lot of modifications by th
users, therefore helping them to adapt it to th
working style. On the other side, any changes
the core of SL have to be made by Linden La|
There is no official plug-in architecture at the
moment. Yet, Linden Lab constantly expands
SL trying to fulfill the needs of the community
Therefore adaption does happen, but not in

open manner.

eAdaptive

eiBtructuration
fbheory; Change

bTheories
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3 Use Cases

In the last section, Second Life was analyzed baseatifferent CSCW theories from a rather theoedpoint of
view. In this section, we now focus on four differéuse cases” and discuss the possibilities anddtions of
SL as a CSCW tool for these applications. The @hoicour use cases is guided by the following qaest 1)
whether SL is used as anclusivetool or not, and 2) whether the aim is to geneextdusively SL content or
not. SL-only here means virtual objects and serigpfor objects. This results in 4 different combioas, which
will be presented in the next subsections.

3.1 SL as an Exclusive Tool to Generate SL Content

This “completely SL-embedded” scenario is chardmter by groups of avatars cooperating to generafiéatl
content (i.e., virtual objects) that is to be useithin SL. Here the permissions and communicatiptioms
discussed earlier in this paper show their fulleptiall. Combined with the help of the SL commurighich is
frequently available for building topics), a groapactors can indeed construct a lot of things. Trodivation
for people to cooperate can have different reassowal bonds to other people, joint interests.(day creating
large areas of SL for gaming purposes, or for chisggvirtual worlds that resemble physical worldstgnding
in the community, or business interests (e.g. gfists helping in the creation of better objectsfées; objects
which can be sold for Linden dollars). While thist use case is well supported by SL, large probleemain.
The most pressing one is probably the lack of bollative programming support: scripts cannot beeddi
jointly in a simple manner, which hinders effectteamwork on complex objects with dynamic behavior.

3.2 SL in Combination with External Tools to GeneralL Content.

If the aim of a collaborative work activity is toeate SL content, but SL is just one of the toolbe used, that
could theoretically change the situation — a greaaeiety of tools usually means better tools arailable for a
given task. However, in practice there is not mddference when compared to the first use case:She
internal tools are well suited for creating SL a@onit(or, put differently, there are no alternatbedter tools!),
and the primary weakness of SL (collaborative $cegigiting) cannot easily be overcome through the e
external tools. While it would of course be possitd edit scripts collaboratively in a group editmansferring
this data into SL would essentially mean manual&gaste operations done by the only person whatigled

to do so, which is a very weak form of “collabovatiscript editing”. In terms of communication suppo
however, a weakness of SL (poor asynchronous corcation) can be overcome by means of using webhsites
wikis and forums on the “old Web 2.0, which heljtlwasynchronous and structured communicationifessl

3.3 SL as an Exclusive Tool to Generate Externait€ut

For a lot of companies it is interesting to use ¢heperation functions of collaborative virtual nas such as
SL for the development of products which are oetsidl SL. Again, two different use cases can bedéidi
using SL only and using SL as one of many toolsc&iSL has a simple, integrated 3D-CAD generatogrg
attractive and intuitive use case for the firstegatry (SL as exclusive tool) is computer aided admirative
design. Potential problems with espionage can leecovne using private properties of objects, andiraoation
areas that are not observable by others. If thitatligwnership rights agreement between Linden thieduser
holds-up before court, ownership will probably nio¢ an issue either. Currently however, successful
implementations of collaborative design applicadiaare hindered by several other problems. Firgetaof
problems is associated with data security and alvitity. SL does not guarantee access at all tirard, some
hacks of the system have already been reported [dngrer, September 11, 2006). Linden also dods no
guarantee that personal creations are protecteas of server crashes. Second, the poor datargeiagtions
between objects created inside and outside of 8atera problem. Such a transfer would be necessarge
existing designs within SL, and to re-use SL cogaiin external tools. Third, a problem for morevaatted
engineering and design tasks is that the desiga wwithin SL are very limited. Here, one major rigion is the
limit of 255 elements in one object. The atomicnedats (primes) can also have only limited shapesgh W
creative manipulations, this is more than enougtcreate the illusion of complex objects to the \dew
(especially if complex textures are used). Yeis ihot enough for complex designs to be transfetoetthe real
world. For these reasons, SL is currently not adgeohoice as an exclusive tool for these tasks sance
professional 3D tool in combination with NetMeeting similar desktop sharing software could constita
more powerful working environment — albeit one tlaaks advanced communication features.

3.4 SL in Combination with External Tools to GerterBxternal Content

Finally, if SL is used in combination with otherogipware tools for the purpose of developing “Nor-SL
content, the collaborative virtual world showsfitdi potential and offers numerous possibilitiess discussed



earlier, SL is sufficient to fulfill most needs the synchronous communication sector. Through ripEraved
presence and personality of actors (as comparé@/éb 2.0” applications), SL has the potential tay@nent
remote synchronous collaboration almost to thellef/eo-locatedness (though studies will be needeslipport
this hypothesis). One simple example applicatiaio ieplace traditional video conferences withuattmeeting
rooms inside SL, thereby reducing the required astwandwidth and the required physical resources, (
costly videoconferencing or meeting rooms). Therde@®f social authenticity will probably be smaliewirtual
meetings than in videoconferences, but the additioommunication functions in SL (private messagésred
written notes, etc) can possibly make up this desakb

4 Conclusions

This article discussed weaknesses and strengtB& af a tool for computer supported cooperativekwdhe
potential and current possibilities of the systesravanalyzed based on different HCI and CSCW theoth
many respects, SL is already a good CSCW tool ritight develop beyond the gaming and education sield
towards other professional fields. The authors amare that SL is constantly changing as Linden lsab
developing new features — e.g., the inclusion ofaadio surrounding will improve communication. We d
believe, however, that this paper has shown satnectural advantages and disadvantages of SL as a
cooperation tool that are not likely to change widw system revisions and bug fixes.

The advantages include the high potential of Sk g$atform for supporting remote synchronous caltabion
(by providing an almost “co-located” experiencedahe numerous kinds of awareness and social tgenti
expression that SL — different from most “Web 2@3ls — supports.

Apart from these, the article has also identifiadrent important challenges for the further deveiept of SL as

a collaborative work tool. One major aspect thahdsiceably missing in SL is an integratadynchronous
communication system such as a structured messagd.brhis would probably help cooperation. The fhat
Linden Lab has forums on their websites shows thatneed for such a medium has been recognized. The
inclusion of an internal browser into SL would allthe “Web 3.0” to seamlessly access the “older $Vebor
cooperative work, this would also allow utilizinget advantages of the more textually oriented fiatit web
resources in combination with SL, thereby makingeSimore powerful tool for digital conversation posps.
One further problem with SL is the commercial asp&or groups to effectively use it, money need$é¢o
invested. Many activities such as the creationrofigs and the uploading of files all cost moneyd a&intual
land is needed for developments. This has to bghtcand is constantly taxed. We do not to posit étlagood
software should be free. Users are of course wiltmm pay for quality products, and maybe they ailéng to
pay for cooperation services (though this is qoestble, given the available free tools). Unlike hmmmmercial
software, cooperation in SL does not have cosdfixalue for each license and maybe for supportpolates,
but is based on a “pay per use” which is additignedmplicated based on the fluctuating value & wirtual
currency Linden Dollar. These changing values mbéiek keeping much more difficult. This might stile
cheaper than buying other commercial software phired with the low security and data availabitityarantees
of Linden Lab, this greatly reduces the appeatfommercial use.

In summary, we believe there is a need for in-desptidies to determine the actual effectivenesslof$ a
CSCW tool in the practical field. In particularwbuld make sense to conduct long-term studied@aidat the
communication and conversation behavior of collabmns, the media choice, and media role or social
interactions. Networked digital media are not oceypable of recreating and expanding on existingasbonds,
but can also help in creating completely new bdretsveen people who do not know each other persorilit
how does a virtual reality as rich as SL affecsthbonds? Can bonds between avatars be as stroogds in
real life? In the past years some people actuddistesd to place stronger importance on online agpants of
their avatar than on real life friends (“I cannoie to the party tonight. We have a guild meetmg\Viorld of
Warcraft” is a quite common saying by students)thdit judging this trend, the question of its insplion
remains interesting. If these bonds are so streeug,groups of people working together in a viremlironment
be as effective as a group meeting in real lifewHio these bonds influence their work efficiencyl aheir
subjective feeling of workload? Based on the analys this paper, we believe that collaborativetuat
environments like SL can be an interesting resetmgic that promises interesting results in thédfaf CSCW.
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