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Abstract. CSCW is a well-suited discipline for appropriate communicating ideas insde a group and even in
an inter-group cooperaion. Though basic technology for communication annoy people with too many
computer-related tasks to deliver at-the-time elaborated notes in the meanwhile of a group activity. An
emerging trend that promises to bring a solution on this matter is that of ubiquitous, or pervasive computing.
PvC is about computation becoming part of the environment with the ambition to accomplish accessing
information anytime no matter the distance of user's location. This is not only related to largely distributed
systems and applications, but about highly dynamic and mobile sets — clusters of participants, interacting
with each other and storing data on mobile devices, as well as in remote facilities. PvC systems certainly
come to facilitate CSCW making every kind of such systems to look as the smplest groupware option and
providing a new and particular kind of such systems, what might be called as PvCE-SCW. This paper reports
on current efforts on this type of systems describing their requirements and challenges with the intent to
provide a summary of successful accomplishments on this matter.
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1. Introduction

CSCW systems have become a place for proper communication on collaborative environments.
According to the groupware typology different technologies have been used to give support to
implement its corresponding sysem. Some results adequate for more than one very particular
groupware activity, others are too narrow in its utilization. Most of them, however, bring additiond
negative effects on others but the target activity for its deployment. The interdependence among
activities has given a warning for developers not to focus atention too narrowly but going for an
ultimate intent: “any time, any place’ support [1]. Ubiquitous, or pervasive computing is an
emerging trend that promises to give a solution on this matter. Pervasve computing (PvC) is about
computation becoming part of the environment, a computing universe populated by a rich variety of
heterogeneous computing devices. smart cars, entetainment systems, appliances systems, where
many different protocols and operating systems are interrdlated with the ambition to accomplish
data to be ddivered efficiently, effectively, ad economicaly to any device, no matter the time or
distance of user's location. This is not only related to largdy didributed systems and applications,
but about highly dynamic and mobile sets — clusters of participants, interacting with each other and
storing data individualy on mobile devices, aswdl asin remote facilities[2,3].

The mgor god is to achieve an implicit human-computer interaction. That is to render
computing devices and their technology invisble so the user remains focused on the metter at hand:
recelving updates and tasks. The traditiond nature of user’s relationship to computation changes in
a pervasve environment. The difference is the explicitness of the computationd task, where people
think in terms of performing explicit tasks “on the computer” — creating documents, sending emal,
and 0 on. This modd of interaction responds to a low level abstraction: individua applications and
devices. When computation is pat of the environment this explicitness disgppears as individuds
behave as they normaly do: moving around, usng objects, seeing and taking to each other. The
computation in the environment is in-charge of fadllitating these actions, and individuas may come
to expect certain sarvicesto achieve high-level gods— ahigh-leve task interaction [2,4,5].



PvC systems certainly have come to provide a hepful support for CSCW systems. They make
every kind of sysem on taxonomy [1,6] to be seen as the smplest groupware option. In fact we
may condder collaborative sysems under pervasve computing environments as a specia kind of
sysem:  pervadve-computing-environment-supported- collaborative-work  systems  or  PvCE-SCW
sysems. The reason to this name is the god under PvC environments, not to have a computer-
oriented task consciousness but a high level task interaction as was pointed out before.

Deveoping software for such sysems is a quite chalenging activity. There are numerous and
conflicting requirements to be conddered, so an adequate andyss of current efforts on this metter
could be the necessary step to follow. Thuswe may achieve an overview of concrete needs and their
possble solutions. From the knowledge of proven solutions developers may improve ther
posshiliies to accomplish a better congtruction of such necessary but chdlenging systems. In
section 2 a groupware typology and CSCW system requirements are introduced. They will be seen
a the lignt of PvC sysems presenting a report on current efforts for PYCE-SCW systems
recognizing <olutions to those requirements depicted in the previous section. Additiondly,
commondities among solutions will be highlignted, which tell about recurring proven solutions.
Then section 3 presents conclusions and future work.

2. PvCE-SCW Systems

There is a recurring question about what should be included under the rubric of groupware or
CSCW applications. In [1] is given a familiar groupware typology based on a multidisciplinary
perspective. Figure 1 shows a categorization based on two edges. place and time. Thus one activity
can be carried out in a single place (top row); in severd places known to the participants, as in
electronic mall exchanges (middle row); or in numerous places, not dl of which are known to
participants, as in a message posted to a netnews group (bottom row). Activity can be carried out in
real time — that is, in one unbroken intervd, as in a meeting (left column). Alternatively, it can be
caried out a different times that are highly predictable or condrained, as in sending mal to a
colleague and expecting it to be read within a day or so (middle column). Or it can be caried out at
different times that are unpredictable, as in openrended collaborative writing projects (right
column).
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Figure 1: Map of groupware options, categorizing representative applications

Activities do not dways match Figure 1 precisdy. Most read work does not fdl into one or
another category. As we go about our work, we generdly engage in some face-to-face meetings and
some didributed and asynchronous communication. Most involves both communication and
coordination. Narrow tasks interact with broader work activities, and even the broadest concerns
overlap and impact one another.



Technology desgned to support activity in ore cdl can fal by negativdy impecting activity in
another. For example, a standalone meeting support system that provides no access to existing
databases or other ontline maerids may be usdes in some dgtuations. It is notable the
interdependencies among activities, which may tell us to think about a red need for any time, any
place support. This lagt requirement is certainly the goa of PvC systems, and s0 they can be hdpful
by facilitating communication under group-aware features inherent to such systems.

In order to better understand the needs on CSCW systems and clarify the reasons why PvC
sysems are a promisng solution we following depict concrete requirements under specific criteria
according to [6]. They can be recognized into the previous mgp given above and will highlight
those aspects that can be improved through the usage of PvC systems. Thus PvCE-SCW systems
will be properly justified as anew particular kind of collaborative systems,

Functional criteria: A CSCW sysem rdates functiond features with the socid aspects of
teamwork. Each functiondity has an impact on the work behaviour and efficiency of the entire
group usng the sysdgem. These functiondities dso influence the behaviour of individud group
members. However, the psychologica, socid, and cultural processes active within groups of
collaborators are the keys to the acceptance and success of CSCW systems.

Interaction. 1t can proceed synchronously or asynchronously, depending on the required
response time. Joint editing of the same text is done synchronoudy, wheress sending e-mall is an
asynchronous task. Interaction can aso be classfied as implicit or explicit. The former relates to the
object of joint work (such as shared text or images). The laiter deds with direct communication
among coworkers through gestures, voice, and video trandfer. Interaction can be formal, if it rdies
on forma procedures, or informal, as in ajoint sesson of equa partners. In [9] DISCIPLE presents
a synchronous interaction and is clasdfied as informd and explict snce it provides tools for
communicating idess indead for working on a shared piece of work. In [10] MERBoard intents to
present a formd interaction by forma meeting process, where the system reaction over users
cregtion of something is a document that becomes formdized. In [11] WebSplitter is rather
synchronous in its interaction by aexplicit and informa way of communication.

Coordination. Coordination of interaction deds with communicaion within the group of users
it depends on the group’'s Sze and the way individud group members prefer to interact. Smal
groups usudly need less coordination than large groups. Therefore, interaction modes change with
the group’s Size and task. A free mode relies on agreement among the participants, while a system-
based mode can be provided by the CSCW system. In [9] DISCIPLE alows new members be
integrated to the group dynamicdly with the proper setting on ther roles. Additiondly, there are not
condrants a fixing and changing member roles dynamicdly. MERBoard in [10] is being
developed under a systembased mode as well. WebSplitter in [11] aso corresponds to a systemt
based mode of interaction. In [12] a big effort has been done on information consistency among
group members on the Apia approach.

Distribution. Computers enable people to interact from remote places. A distributed working
environment requires additional trandfer channds for explicit interaction involving speech and
gestures. Besides incurring technica problems, globa distribution of cooperating partners crosses
time zones and borders that pose socid, cultura, and political differences (for example, languages,
negotiation Srategies, behaviours, metrics, and laws). DISCIPLE in [9] relies on the Internet which
lets its users to be widdy disparate. In order not to affect users with complicated ways of
communication as those presented in the map of groupware above, this gpproach is base on a smple
sesson as a meding place. The approach in [11] dlows didributed users under Internet
infrastructure as well.

User-specific reactions. One approach for building a CSCW system is to distribute an existing
angle-user gpplication via an applicationsharing system. In such a sysem, each interaction is
handled the same way regardless of individud users roles CSCW systems without user-specific
reaction are collaboration transparent. For joint work, this type of system lets users work with a



familir user inteface and access exiding, unmodified gpplication programs. Certan users
sometimes desire specific system reactions, depending on ther individua roles or rights. This kind
of CSCW system is collaboration aware; it “knows’ the number of users and ther individud roles,
and is spedificdly developed as a multiuser gpplication for cooperative work. DISCIPLE in [9]
includes a collaboration space which is a directory of dl people that a user can collaborate with.
This workspace can be represented in several ways and is provided a model of management. Thus it
is cetanly for collaboration aware, though is too limited for providing collaboration transparent. In
[11] the approach is also classfied as collaboration aware since it keep a record of every user and
itsroles, preferences and privileges.

Visualization. The what-yousee-is-what-1-see paradigm determines how to visudize public deata
used collaboratively. Pure WYSWIS is grongly related to collaboration transparent CSCW
gysems. There are saverd levels of rdaxed WYSIWSIS. Usars might see screens with individud
layouts but identical content in shared data (such as different chapters of the same document in a
shared editor). The gpplication itsdf can provide individua views (different colours, cursor shapes,
or different shared-data-layouts). In [9] it is possble for different users to persondize their views of
the group and places. This approach is feasble since it is not collaboration transparent. In [11]
public data is delivered according to avalable appliances for users by splitting information among
more than one device if necessary.

Data hiding. Nobody would use CSCW if it did not contain a way of separating private from
public data. Public data should be classfied as such and should be accessble to certain persons,
groups, or the public in generd. The granularity of data should not be redtricted to file leve, but to
finer information units like data objects. In [9] many different dements of data may be managed
and interchanged. In addition, changing the mode of workspaces inside the group gives privecy for
users. In [11] there is an effort on information hiding according to group members roles and
privileges.

Technical criteria: comprises hardware, software, and network support. Hardware criteria refer
to the target machine and 1/0O devices. Here the requirement for PvC environments is far more
pretentious. It needs severd large and smdl computing equipments and many plug&play [18],
integrated or built-in 1/0 devices. Software is subclassfied into the virtud mechine [16], the
window sysem and the grgphical user interface, which must be properly designed under HCI
guiddines [15]. The network aspect is subdivided into fixed Wired networks (Ethernet LAN,
Modem via dial-up telephone), Wirdess networks (Wireless LAN, DECT, CDPD, GSM) and
Infrared (indde a room) with associated transfer protocols and rates [17]. Even saelite networks
can be consdered though the cost could be quite high [14]. However, architecture of a CSCW
sysem under a PvC environment has to face many complications regarding data-trandfer’s traffic
and ddays, shared-data consstency, decompodtion of large functiondity to fit into amdl devices
with limited capacity, etc.

CSCW architecture. CSCW software systems can be subdivided into four classes of features or
devices. (1) input, (2) output, (3) application, and (4) data Each of the four can be replicated or
centrdized. In a replicated application, each usar’s machine runs the application. An eectronic
multiuser whiteboard provides severa pens as replicated input devices, but al other festures can be
centraized (see [10]). Centrdizing the data guarantees condgtency, despite high traffic to the
gpplication or 1/0 devices (see [12]). Replicated data requires less traffic for updates, but
condstency isamore difficult issue.

3. Conclusions and Future Work

CSCW systems have become a place for proper communication on collaborative environments.
According to the groupware typology different technologies have been used to give support to
implement its corresponding sysem  Though basc technology for communication annoy people
with too many computer-related tasks to ddiver at-the-time elaborated notes in the meanwhile of a



group activity. An emerging trend such that ubiquitous, or pervasve computing promises to bring a
solution on this maiter. For this an overview of basic requirements for CSCW was presented and a
typology of groupware options. They were andysed a the light of PvC systems by presenting
current efforts that cover different aspects of CSCW requirements. As a groupware option a CSCW
system under a PvC environments may be consdered as a new and particular form of such gystems,
what can be caled as PvCE-SCW systems.

of

Certainly there is much more to be discussed on these matters. Especidly architectural aspects
every gpproach should be carefully sudied and didtilled such that proven solutions of PvCE-

SCW requirements would be properly documented for usagein future developments.
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