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introduction

Computer Supported Cooperative Work (CSCW) environments
have traditionally made heavy use of network technology to allow
users (often at different locations) to work together via computer
systems. However, this dependency of CSCW applications on the
underlying network technology has up to now not been a real
issue within the community. CSCW research has traditionally
focused on the design of shared environment applications that run
on this underlying network, e.g., the development of interaction
and presentation techniques for shared tasks. Also, CSCW has
been a testbed for design methodologies such as the ethnographic
analysis of user behaviour. Although we support this emphasis on
social science within the field, we feel that in this truly multidisci-
plinary area researchers should become more aware of network-
related research issues. A number of parallel events can be identi-
fied that triggered our concern:

* The move from Local Area Network technology to Wide
Area Network technology (the global Internet) for CSCW
applications.

* The evolution of this Internet towards commercialization
of services and the privatisation of many telecommunica-
tion service providers in Europe.

* The political debate over the Information Super Highway,
necessary to support the increasing bandwidth require-
ments typical for CSCW applications that require the use
of multiple channels of information.

The move towards the Internet has given us the opportunity for
global participation in CSCW environments, resulting in a more
generic utilization of this technology. However, the caveat for the
CSCW community lies in the fact that we now no longer fully

SIGCHI Bulletin

control our shared environments, and have become more depend-
ent on the global decision-making process regarding network
infrastructure. The same institution that gave our research com-
munity access to internetworking in the late-1970s, the National
Science Foundation (NSF), has decided that further governmental
funding of the NSFNET backbone, which constituted a major
part of Internet infrastructure in the USA, is no longer required.
Commercial service providers now operate major backbone serv-
ices for the Internet on a commercial basis [8]. These commercial
network providers thus take charge over essential pieces of Internet
infrastructure, taking decisions which could have a serious impact
on distributed multimedia services provided by the Internet such
as the World-Wide Web and MBONE, which we'll discuss fur-
ther on. In Europe, a similar development is taking place: tradi-
tional, often monopoly-based, network providers such as British
Telecom and the Dutch PTT Telecom have recently been priva-
tised and are in the process of reconsidering their tasks and serv-
ices. The debate in both the USA and Europe over the
Information Super Highway or National Information Infrastruc-
ture (NII) gives further evidence that governments will not be able
to maintain development and support of new high-bandwidth
information services in the near future.

This, however, is only one network-related development that
directly concerns the CSCW community. New standards are
emerging for the transmission of real-time high-bandwidth data
over Internet connections. This high-bandwidth data typically
involve video and audio information from shared multimedia
communication environments. In the next section, we will discuss
what these standards might provide in terms of functionality to the
CSCW community, and what constraints these standards intro-
duce. They arc often defined by network researchers who have a
genuine interest in providing network capabilities, but typically do
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not have the same means as the CSCW community to regard cog-
nitive ergonomical aspects of network functionality. We try to
demonstrate the importance of a dialogue between the two areas
of research, a cross-fertilization from which both communities will

benefit.

The current attitude in the CSCW community towards connec-
tivity is very similar to the attitude towards computing power in
the field of Human-Computer Interaction (HCI) in the late
1970s: the infrastructure necessary to apply our research ideas is
not of our concern, and will be delivered by others. That may have
been true for direct manipulation systems, but to what extend will
it be true for shared real-time multimedia environments?

Networking Standards

The world of international or global networking relies on the work
of standard and regulatory bodies. These are the groups that set
the recommendations that govern what the networks can offer. In
most cases they are the representatives of governments or carrier
organisations and their role is to ensure that the technicalities of
the global network are compatible and professional. The Interna-
tional Telecommunication Union (ITU) [4], under the auspices
of the United Nation, has created the ITU-T to look after the
standardization sector of telecommunications. This was formally
the role of the Internadonal Consultative Telegraph and Tele-
phone Committee (CCITT). The ITU is made of members from
the telecommunication suppliers and carriers, and is obviously a
representative of these telecom consortiums. The ITU ensures
proper functioning of the global telecommunication infrastruc-
ture, which is achieved by the harmonization of the various
national policies. It does not normally carry the task beyond that
of the ‘basic’ carrier service, as seen by the teleccommunication
companies. Because of this, the I'TU normally deals with the Wide
Area interconnections of the network infrastructure and studies
the technical, operational and charging issues that arise from such
services. From these studies it makes recommendations to its
members in its harmonizing role. As a result of this, however, real
end-user services are not normally addressed, as the ITU’s end-
users are the telecommunication companies. It must be stressed
that the ITU only produces recommendations which are not
binding. Yet these recommendations are generally complied with,
since they guarantee interconnectivity of networks. This provides
the foundation for enabling services to be provided on a world-
wide scale.

The International Standards Organisation (ISO) also has a global
task, in its role as an international standards body. As with the
I'T'U, the ISO takes a professional line on ensuring the standards
in global infrastructure. To assist the international aspects of this
work, the ISO looks very carefully at other standard setting bodies
around the world. A prime example of this is the adoption of the
IEEE local area networking standards into the international com-
munity. The ISO has a much wider view of the world. It regards
anyone as a potential user, and has therefore also included user
services in their standards on networking. To that end the 1SO
does look at the end-user services which networks can implement
across all networking infrastructures. Yet it appears that their rec-
ommendations often result in a set of user services which are not
implemented due to the fact that they either duplicate, complicate
or restrict services which are already in place. ISO recommenda-
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tions for new services often seem not acceprable either, or rely on
other ISO defined services which have been slow to be taken up.
For example, in order to establish the X400 electronic mail stand-
ard, the X500 standard for electronic directory services first needed
to be implemented. However, work by the ISO has shown the
need for certain services. For example, the work related to the
problems of directory services (X500) has been taken up in other
networking groups, such as SOLO and whois++. Also, the ISO
has the ability to swing governments. The acceptance of the Open
Systems Interconnection (OSI) Reference model is a good exam-

ple of this.

The world of the Internet has the Internet Engineering Task Force
(IETFE) and the elite Internet Research Task Force (IRTF) which
are working to ensure that the tasks required to make the Internet
work are investigated, discussed and undertaken. The means of
the Requests for Comments (RFC) to elicit the end-users’ views
would appear to work well. The members of the Internet teams are
extremely active, so progress is fast and developments occur at a
rapid rate. Their motto, if it needs to be done, suggest how it
might be done, try it, see if it works, and offer it to the commu-
nity’, results in a large selection of tools becoming available, but
also results in a high mortality rate.

An Example CSCW Network Standard: The MBONE

Currently the Multicast Backbone (MBONE) [1; 2; 9] is a very
popular outcome of this work, and there is a major collection of
tools that support the usage of the MBONE. The MBONE is a
set of network connections which use a single address to fan out
information which must reach its destinations within a given “life-
time”. The destinations are all machines set up to accept the mul-
ticast transmissions on the Internet. Thus a single source of
transmission can be fanned out through the Internet to millions of
receiving host machines. This gives the ability to broadcast infor-
mation very efficiently from one to many hosts. Here is a case in
point, where the IETF community recognized a need for a service
to create a situation where more Internet users could contribute to
their own IETF meetings. Considering they were meeting about
the Internet, it only seemed natural to utilize this resource o
achieve their aim. Steve Casner established the workings of the
service we now call the MBONE in 1992. Several tools have been
developed to make use of the MBONE as a means of distributing
both voice and video image, via software. Examples tools are Vis-
ual Audio Tool (VAT {6] which allows sound to be transmitted
over the Internet, Network Video (NV) [3] which allows video
images to be transmitted over the Internet, the Session Directory
(SD) [5] which allows the advertising of multicast sessions and the
Whiteboard (WB) which allows interactive drawing across the
Internet, to name just a few. Each tool looks after one particular
medium, so that one medium does not impose restrictions upon
another.

Although the IETF is quite aware of the problem of;, for instance,
multimedia synchronisation [10], its main focus is the impact of
the media on the carrier network. For the moment, basic problems
such as data loss and timeliness of data arrival continue to affect
audio-visual communication over the Internet. The VAT audio-
conferencing program is usable in a point-to-point environment,
but can be very disconcerting in a multiple user environment.
However, video transmissions are the services that really show end-
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users what poor service the network will provide. Currently this
service is based on partial updates of an image. This, combined
with image compression, still results in approximately 1 to 4
frames a second which cannot be compared with broadcast quality
output of approximately 25 full frames a second. The result is a
‘blocky’ image with apparent intermittent updares at random
points. Put any workstation user in front of an ISDN video tele-
phone and watch their response.

Carrier Companies

Telephone and data communication infrastructure is generally
provided by carrier companies that own and operate the switch-
ing, maintenance, billing and transmission systems required to set
up telephone and data connections. Example carriers are the Bell
Operating Companies in the USA, British Telecom in the United
Kingdom and PTT Telecom in the Netherlands. These compa-
nies have long been involved in the provision of network infra-
structure to network providers on the basis of lease contracts.
However, with the emerging need for new network infrastructure
based on high-bandwidth, fibre-optic technology such as ATM,
we signal a trend where carrier companies themselves are progres-
sively becoming network providers. Depending on local circum-
stances, two main causes can be identified for this trend:

* The enormous investments involved in the construction of
the new infrastructure;

* The integrated nature of high-bandwidth technology: the
same network supports many types of traffic, including
data, fax, CD-quality audio and real-time video informa-
tion.

Non-profit organizations such as governments and universities
only have the financial means to participate in the setup of high-
bandwidth network technology. In the United States, AT& T
owns much of the new high-bandwidth infrastructure. However,
due to anti-trust regulations there (which caused AT&T to be split
up into seven smaller carrier companies), competition in the States
is growing, especially where the former NSENET Internet back-
bone is concerned. In Europe, the privatisation of state-owned,
monopoly-based carriers has been a relatively recent event. In The
Netherlands, for example, the now privatised PTT Telecom will
retain its monopoly on telephony-based applicarions until the end
of this decade. This is why the Dutch ATM backbone, under
development in the SURFnet4 high-bandwidth infrastructure
project, will be owned and operated by PTT Telecom. Inciden-
tally, the same carrier company has a 49% interest in the (non-
profit) Dutch academic network operator SURENET bv, which
carries out the project [7].

So it seems, in The Netherlands at least, that carrier companies are
going to play a critical role in deciding the future of telecommu-
nications functionality. The CSCW community may wish that
desktop computers become the focal point of telecommunication
services, but do carrier companies share this view? How will they
benefit from the use of distributed multimedia in CSCW applica-
tions, particularly long-distance video conferencing? In an
attempt to answet the first question, we will discuss two examples
of research at a typical European carrier company. As far as the sec-
ond question is concerned, we can only speculate. We will discuss
some possibilities, sketch a worst-case scenario and we will discuss
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what would remain of current-day CSCW functionality if this sce-
nario is enacted.

Carrier Company Research

Although we are aware that the two projects discussed in this sec-
tion by no means constitute a representative sample of CSCW
research at carrier company laboratories, we feel the constraints
put forward in these particular cases may provide us with an
insight into some of their viewpoints on CSCW research and
future implementations.

A Usability Test of a Phone-based ISDN Front-End

In this recent project, the usability of ISDN supplementary serv-
ices for telephony-based applications such as Call Forwarding
(which allows the user to transfer incoming calls to another tele-
phone automatically) was investigated by means of a well-con-
ducted experimental study. The user interface was based on a
computer-based (Hypercard) touch screen simulation of a tele-
phone interface extended with a 40 digit display and voice instruc-
tions. Users could activate supplementary services by pressing
number codes on the simulated keypad. Two facrors were studied:
the effects of presenting an explicitly structured conceprual model
of the command language in the system’s mera-communication,
and the effect of age on the usability of the system. What is inter-
esting about this study is that although it is concluded that this
type of phone-based command language is very hard to use (par-
ticularly for elderly or less experienced users), no recommenda-
tions or comparisons were made with regard to alternative, non-
phone-based (graphical) user interfaces. Instead, an improvement
of the structuring of meta-information given by the phone-based
system was considered an option to alleviate some of the inherent
usability problems of this type of minimal interface.

A Usability Test of a Desktop Conferencing System

This project involved a usability testing of the Multipoint Interac-
tive Multimedia Interpersonal System (MIMIS), part of the Euro-
pean RACE 2025 project. In this project, an integrated
multimedia software environment is being developed for ATM-
networked workstations. The software allows users, amongst other
things, to video-conference, send data to each other and jointly
edit files containing multiple media. In the usability test, a com-
prehensive set of tasks was investigated by means of analysis of
video data, written observations and questionnaires. We will out-
line some of the observations from one of the project reports.

The debate on the National Information Infrastructure asserts that
future CSCW functionality should be accessible to a large and rep-
resentative part of the population. The subjects in this particular
usability test, however, were mostly middle-aged males, working
in the higher ranks of the organisation. All tasks were structured
and coordinated by observers, present with the subjects in the
experiment rooms to give instructions, answer questions and, of
course, create written observations. However, this setup prohibired
the gathering of essential information on cooperation between
subjects. Since time measurements regarding task completion were
not automnated, observers were unable to gather any quantitative
dara. The reliability of the questionnaires used was never estab-
lished: it is unknown on which scales these were based, and a
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majority of questions was positively stated. From the report, how-
ever, it became clear that the user interface of the MIMIS system
does not live up to current design standards. If we want carrier
companies to seriously consider CSCW desktop systems as a
widely used front-end to their public high-bandwidth networks,
we should at least try to provide them with incentives in order 1o
stimulate proper research in this direction.

Charging Systems

So with the introduction of new high-bandwidth integrated serv-
ices networks, what will happen to recent CSCW-related develop-
ments on the Internet such as MBONE video-conferencing,
whiteboards and the World-Wide Web? Indeed, what will happen
to the Internet itself? Is everyone going to get the kind of function-
ality the research community has already become used to? We feel
that, apart from strategic decisions on standards for user front-
ends by carrier companies and service providers, this will very
much depend on the type of charging system that will be devised
for integrated services. Simply stated: it seems unlikely that carrier
companies, particularly those with a legislated monopoly on
telephony-based services, are going to allow us to continue using
the Internet to bypass their phone, fax and video-conferencing
infrastructure for very much longer. So what might happen if car-
rier companies decide to charge for networking services on a quan-
titative basis?

Let us consider the use of the current telephone charging system.
If carrier companies or service providers will start measuring the
time spent on a data connection, they should be able to determine
whether a connection is real-time, or whar data is being trans-
ferred. The inherent flexibility of distributed computer systems in
the encoding of data makes it relatively easy for users to circum-
vent this type of restriction. Alternatively, they should be able to
guarantee customers fixed transfer rates. Again, this scems highly
unlikely with the inherent mesh topology of a global network.
Transfer rates and latency depend, amongst other things, upon
wraffic and routing, and both will remain unpredictable. Because
of the same reasons, it is also not straightforward to measure the
distance over which data has been transferred. So the only measure
that is quantifiable is the amount of data actually transferred. But
how are customers going to be able to predict the amount of data
they will be transferring during a World-Wide Web session? If car-
rier companies are going to choose the wrong charging system,
Cyberspace will be a thing of the past. Let us suppose carrier com-
panies will charge for the amount of data transferred and the dis-
tance over which it is transferred. A World-Wide Web user in
Europe views a home page in the United States. On this page,
there is a link to a high-quality graphics file in Australia. The user
however thinks the connection is with the United States, and
expects the graphics file to be compressed. However, the charges
end up being for the monthly subscription, a connection to Aus-
tralia via the United States, and twice the amount of data than
expected. As a research community, we should take such issues
into careful consideration because of the impact they could have
on functionality in CSCW environments. If we ignore these
issues, the very principles on which our research is based are at risk.
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Conclusions

Researchers in the fields of CSCW and HCI, familiar with the
social and ergonomical aspects of computer supported cooperative
work, should start a dialogue with network researchers and engi-
neers in both an academic and corporate setting. The focus of this
discussion should be on the specification of human factors require-
ments for global internetworking, taking into account the various
scructural technical limitations. The objective should be two-fold:

» To adapt current networking standards so that they address
the cognitive, ergonomical and social ecological needs of
users working together in a distributed environment, in
order to provide a solid foundation for end-user service
standards.

* To create a setting in which carrier service providers can
implement this first objective on a global scale. If this set-
ting is to be market-oriented, provisions should be taken
that this market is a competitive one. This way, market
forces might provide a fertile ground for real innovations in
the way people will work together using computer systems,
following the example of the emergence of direct manipu-
lation systems over the past decade.

Of course such a cross-ferrilization implies a trade-off for both
sides. The CSCW community should take into account that net-
work bandwidth might never be infinite and that there will always
be latency in the transport of data. They should accept thar all
machines are not connected on a local network and that standards
such as ISDN and H261 will also be used to interconnect
machines. The ideal working environment of the academic
CSCW practitioner may not be deliverable in the products that
are required. This means that researchers in the field of CSCW
should learn to deal with the structural technical limitations of
networking technology as they are anticipated by networking peo-
ple, and take these limitations into account when studying human
factors in relation to such systems. On the other hand, we hope
this paper has made clear that networking people have yet to
develop a more thorough regard of the user on top of their model
of the network. Although they should adhere to their focus on the
provision of transport services, they should acknowledge the
importance of human factors, and should realize that highly tech-
nical decisions can have a considerable impact on the end-users’
ability to work with a system. To this extent, they should utilize the
considerable human factors expertise already available in, for
example, the academic environment, and not try to re-invent the
wheel themselves.
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