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Simulation modellers are major users of software tools.
Advances in computing such as collaborative working
tools and distributed technologies have created new
possibilities for innovation in simulation modelling. Col-
lectively, we address these as Collaborative Support for
Simulation Modelling (CSSM). To contribute to CSSM,
we consider the problem of whether or not it is possible
to support human-to-human collaboration in simula-
tion modelling through the use of commonly available
groupware technology. The paper reviews aspects of
human-to-human collaboration in the simulation mod-
elling process and introduces an example of commonly
available groupware technology, the net-conferencing
groupware tool NetMeetingr. Results of a survey into
the perceived use of NetMeetingr in simulation and
some resulting applications of the net-conferencing tool
that have emerged are presented.
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1. Introduction

Simulation modellers are major users of soft-
ware tools, since these tools are required to sup-
port the process of simulation modelling and
analysis �1, 2�. However, advances in comput-
ing such as collaborative working tools �group-
ware� and distributed technologies �e.g. the
Internet and the World Wide Web� have cre-
ated new, and so far unexploited, possibilities
for innovation in simulation modelling and the
creation of new tools and facilities that could
improve the productivity of simulation. The

goals of this work are, therefore, to attempt to
investigate the effective technology transfer of
this distributed systems technology in simula-
tion modelling with respect to industry. Re-
search topics include the support of human-to-
human collaboration �computer supported co-
operative work�groupware and simulation� and
the support of computer-to-computer collabo-
ration �distributed simulation, parallel and dis-
tributed simulation, and web-based simulation�.
Collectively, we address these as Collaborative
Support for Simulation Modelling (CSSM).

To contribute specifically to CSSM, and to the
wider simulationmodelling community,we con-
sider the problem of whether or not it is possi-
ble to support human-to-human collaboration in
simulation modelling through the use of com-
monly available groupware technology. To this
end, this paper is structured as follows. In Sec-
tion 2 we review some of the aspects of the
role of human-to-human collaboration in the
simulation modelling process. Section 3 intro-
duces an example of commonly available group-
ware technology, the net-conferencing group-
ware tool NetMeetingr. Section 4 presents
some results of a survey into the perceived use
of NetMeetingr in simulation and some appli-
cations of the net-conferencing tool that have
emerged post-survey. Finally, section 5 con-
cludes the paper with some future directions for
this work.
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Ormerod’s Role Role in a Simulation Study Responsibility of the Role
Doers Project manager Responsible for the managing the process;

may not have specific modelling skills
Modeller Develops the model �conceptual and

computer�
Model user �in later stages� Experiments with the model to obtain un-

derstanding and looks for solutions to the
real world problem

Done for Clients The problem owner and recipient of the re-
sults; directly or indirectly funds the work

Model user �in early stages� Recipients of the model

Done with Data providers Subject matter experts who are able to pro-
vide data and information for the project

Modelling supporter A third party expert �software vendor, con-
sultant or in-house expert� provides soft-
ware support and�or modelling expertise

Done without Managment, staff, customers Beneficiaries of the project, but not
involved; in some cases they are not aware
of the project

Table 1. Roles in a Simulation Study.

2. Communication and Collaboration in
Simulation Modelling

Before considering the problem of technologi-
cal support for collaboration, we first review
the role of communication and collaboration
in simulation modelling. The need for regu-
lar communication and collaboration through-
out the modelling process is generally agreed to
be of significant importance �3, 4, 5, 6, 7�, as
it is within project management more generally
�8�. In a study of perceptions of the quality of
simulation studies, Robinson �9� identifies three
types of quality: quality of the content, quality
of the process and quality of the outcome. The
former two are the key determinants of the lat-
ter. In interviewing modellers and customers
of simulation studies in a business context, he
identifies that more than 75% of customer per-
ceptions of quality depend upon the process,
with less than 25% resting on the content. This
is largely because customers have insufficient
knowledge to judge content quality, and so de-
pend upon other cues for their quality percep-
tions. Communication and collaboration are a
major part of process quality �10�. This commu-
nication and collaboration needs to be between
all who have some involvement in the study. It
is possibly interesting to note that there has been

some work on identifying the roles of those who
take part in team working activities. To attempt
to delve a little deeper into the effect that tech-
nology has on human-to-human collaborative
support for simulation modelling, we introduce
the notion of roles in simulation modelling.

2.1. Roles in Simulation Modelling Studies

Team roles have been widely researched in or-
ganisational behaviour �11, 12�. There is, how-
ever, very little written on team roles in opera-
tional research or more specifically simulation
studies. Mitchell �13� briefly touches upon the
subject. Meanwhile, Ormerod �14� appears to
provide one of the few useful classifications of
team roles in operational research interventions:

� The doer: in this case the simulation mod-
eller

� The done for: the clients

� The done with: members of the simulation
modelling team

� The done to: those from whom information
and data are obtained

� The done without: those not involved, but
nevertheless with a vested interest in the out-
come
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Fig. 1. The Simulation Modelling Process.�15�

Translating this into the specific context of a
simulation study, a variety of roles is outlined
in Table 1. It is important to note that these are
roles rather than individuals. In other words,
a person may take on more than one role, or
many people may be required to share a sin-
gle role. For instance, the modeller is often
the project manager and the model user, in that
s�he performs the experimentation. There may,
however, be a number of people tasked with be-
ing data providers. Additionally, note that the
model user appears twice in the list, first as a
done for and second as a doer. In the early
part of the project the model user is effectively
a client, since the model is being developed for
his�her use. In the latter part he�she turns doer,
using the model to provide information to the
organisation.

The first two roles have direct involvement in
the project team; the third has some level of in-
volvement, while the latter two �done to, done
without� have little or no involvement. A wide
group of people may need to be interviewed in
order to obtain information about the system be-
ingmodelled, but they do not need to have direct

involvement in the simulation project. This is
unlike the data providers who collect, analyse
and provide information and so have a more
active role to play, albeit that they are not nec-
essarily central to the project team �hence they
are described as done with rather than doers�.
There may be a great many beneficiaries of the
project, some of whom are even unaware of its
existence. Customers in a bank are probably
not aware that a simulation model has been de-
veloped to improve the level of service offered.
They are, nevertheless, beneficiaries. Addition-
ally, these roles might be considered by some
as being stakeholders in the simulation study
�including, for example, the doer as s�he has a
vested interested in an “economically” success-
ful outcome�.

2.2. Communication and Collaboration
Between the Roles

The simulation modelling process can be de-
scribed as a number of stages, as shown in Fig-
ure 1. Four key stages are performed in an
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iterative manner: conceptual modelling, model
coding, experimentation and implementation.
In parallel with each of these are various veri-
fication and validation processes. The level of
communication and collaboration required in a
simulation study is now discussed, considering
the process set out in Figure 1 in the context of
Ormerod’s roles.

The nature and level of communication and
collaboration between the simulation modellers
and each of these roles will vary, and will de-
pend upon the stage of the study that has been
reached. Generally, the doer performs the sim-
ulation study interactively with the done for.
Where additional help is needed from subject
matter experts and for supporting the modelling
effort, the done with become involved. Inter-
action is also required with appropriate done to
roles to gain relevant information and data. The
done without are not involved �their role and
their effect on the simulation study is outside
the scope of this paper�.

During the simulation study, the frequency with
which the roles interact is determined by the
stage of the study. Consider a manufacturing
system where a client wants to investigate the
cost of manufacturing a new product with cur-
rent production facilities. The client has en-
listed a simulation modeller to help him make
a decision �i.e. we assume a single modeller
and not a team�. To begin the simulation study,
the real world problem must be identified and
a conceptual model of the system being stud-
ied must be built. In this case the problem is
to evaluate the cost of production. A concep-
tual model is needed to identify what system
elements �scope� and detail �depth� must be
simulated to investigate the problem. Concep-
tual modelling is an intensive activity, as the
modeller must develop an understanding of the
system being studied. The modeller and the
client, as well as any appropriate information
sources �i.e. personnel involved in the produc-
tion process�, must therefore interact frequently
so that the modeller can accomplish this. The
doer must interact frequently with the done for,
done with and the done to. Indeed, it is dur-
ing conceptual modelling that the level of com-
munication and collaboration needs to be at its
highest.

In model coding, the need for interaction is re-
duced. The modeller spends much time devel-

oping the computer model away from the eyes
of the other parties. Verification is performed
largely in isolation, since the modeller checks
the model against the design stated within the
conceptual model. That said, white-box vali-
dation �a detailed check of the computer model
against the real world� is performed at regular
stages during model coding, and so the model
needs to be presented to the other parties for
critique. The same is also true for black-box
validation �a check of the input to output be-
haviour of the model against the real world�,
which can only be performed once the model is
believed to be complete. In terms of our study,
the modeller would meet less frequently with
the roles involved in the manufacturing system.
The doer interacts moderately with the done
with and the done to. Interaction with the done
for is probably greater, since it is necessary to
keep them appraised of progress.

Once the computer model is completed, the
model user performs experimentswith the clients
to develop an understanding of how the com-
plex relationships in the system being studied
impact on the problem. In our case, experi-
ments are performed with the computer model
of the manufacturing system to understand the
probable cost of the newproduct. Significant in-
teraction is required between the model user and
the clients in order to share the understanding
gained from the experimentation and to direct
the continuing experimentation. It is expected
that there will be much communication and col-
laboration between the doer �now the model
user� and the done for. The done with and cer-
tainly the done to will be needed to a much
lesser degree, although the need for help and
information is not completely removed during
experimentation.

The final stage �of a cycle� in the study is imple-
mentation. This may entail implementing the
solutions and�or understanding that have been
developed from the experimentation. Apart
from fully explaining the results from the ex-
perimentation, the doer often has little involve-
ment in this form of implementation. That said,
it is sometimes necessary to maintain the model
or to provide results from further runs. In other
circumstances, the model itself is implemented,
that is, handed-over for continued use; for in-
stance, if the model is to be used for real-time
control. In this situation, there is a much greater
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need for communication and collaboration on
an on-going basis during implementation.

While the requirement for communication and
collaboration is determined by the stage in a
simulation study, it is also determined by the
nature of the simulation study. Robinson �16�
identifies a continuum of modes of practice in
simulation modelling. At one end is simulation
as ‘software engineering’. In such a mode the
modeller is quite removed from the client, ex-
cept during the definition phase of the work and
in reporting results at the end. At the other ex-
treme is simulation as ‘facilitation’, where the
simulation is developed and used with the client
in order to facilitate learning about the system
under investigation. Here, constant commu-
nication and collaboration is required. In be-
tween, lies simulation as a ‘process of organ-
isational change’. This does not require the
constant presence of the client, but regular in-
teraction during each modelling stage is seen to
be important.

In consideration of what contributes to success-
ful simulation modelling, it is clear that com-
munication and collaboration between a variety
of roles is a key factor. While the volume of
this might vary from study to study, commu-
nication and collaboration can add cost due to
reasons such as meeting delays or significant
travelling times. This is further exacerbated if
those involved in the study are inconveniently
or distantly located. It therefore appears that
our problem of determining if it is possible to
provide support for human-to-human collabo-
ration in simulation modelling is a worthy one.
To investigate this, in the next section we intro-
duce groupware and an example of a commonly
available groupware technology.

3. Groupware and Microsoft’s NetMeetingr

The previous section highlighted the need for
human-to-human collaboration support in a sim-
ulation study. The field of Computer Sup-
ported Cooperative Work �CSCW� is a multi-
disciplined research area that draws on exper-
tise from both social and technical disciplines,
including distributed systems and internetwork-
ing, multimedia, communication, computer sci-
ence and socio-organisational theory �17�. Re-
search in CSCW has led to groupware, the prac-

tical application of CSCW research, a technol-
ogy that pervades �often without the user know-
ing� many computing applications �for exam-
ple IBM’s Lotus Notes and Microsoft Office
products have several examples of groupware�.
There are specific groupware technologies to
support specific tasks. These can be char-
acterised as systems that support cooperative
meetings or work as categorised by the group-
ware time�location matrix �Figure 2�. The ma-
trix divides groupware on the basis of time and
location. During some task, people may meet
at the same time, at different, but predictable
times �shift working on a project� or at different,
but unpredictable times �drop in team rooms�.
Similarly, people may meet in the same place
�a room�, in different, but known locations �dif-
ferent offices� or at different, but unpredictable
locations �mobile workers�. Note that many
groupware technologies support activities that
fall simultaneously intomany of the groups. We
now present one particular example of group-
ware technologies: the net-conferencing group-
ware Microsoft’s NetMeetingr. As we will see,
this type of net-conferencing application sup-
ports groupworking between workers in differ-
ent but predictable locations at the same time.

Microsoft’s NetMeetingr is a commonly avail-
able net-conferencing tool that combines var-
ious aspects of tele- and video-conferencing
�only two users� with information sharing ap-
plications such as text chat, whiteboard, file
transfer and application sharing. Briefly, Net-
Meetingr requires two or more parties to be
logged on simultaneously to communicate re-
motely. It conferences �links�shares� two or
more parties working together on a particu-
lar task via a network �commonly the Inter-
net�. NetMeetingr works acceptably on a lap-
top connected to the internet via a normal mo-
dem �faster communications are preferable for
ease of use�. NetMeetingr is accessed either
though the Start menu, via a menu in a Mi-
crosoft Officer application, or through Run by
typing conf in the dialog box. The actual choice
depends on the version of Microsoft Windowsr

being used. One of the observations of our work
is that there appears to be evidence that the gen-
eral knowledge of NetMeetingr is low in the
simulation modelling community.

In terms of the time�locationmatrix, commonly
available net-conferencing groupware such as
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Time

Same Different,
but predictable

Different,
but unpredictable

Same Meeting facilitation Work shifts Team rooms

Place Different, but
predictable

Net-conferencing Electronic mail Collaborative
writing

Different, but
unpredictable

Interactive
multicast seminars

Computer bulletin
boards

Workflow

Fig. 2. Time�Location Matrix�12�.

NetMeetingr is geared to the support of “syn-
chronous” working rather than “asynchronous”
working. Synchronous working can be thought
of as being an on-going conversation between
two or more people who participate solely in
the same time conversation. Conversely, asyn-
chronous working can be thought of as an on-
going conversation by email where the conver-
sation is progressed at different times but par-
ticipants take part in other discussions. The
facilities of NetMeetingr �video-conferencing,
tele-conferencing, text chat, application shar-
ing, file transfer� all support the worker in same
time interactions. The fact that the applica-
tion is networked enables workers to interact
remotely at different, but predictable locations
�or at least addresses�. NetMeeting therefore
falls in the same time�different, but predictable
location box of the time�location matrix.

Figure 3 shows an example screen shot of Net-
Meetingr. The front end of the package is in
the top left hand corner of the screen. The
top part of the user interface displays the video
feed �from a web cam� and the teleconferencing
controls. The various buttons on display allow
access to the different package functions �ap-
plication sharing, text chat, whiteboard, and file
transfer�. The larger part of the screen shot is
taken by a simulation application �in this case
the simulation program is Visual Thinking In-
ternational’s Simul8r with a simple job shop
taken from the package’s model library�.

In Figure 4, the NetMeetingr window has been
minimised to clear space. The Figure shows
the text chat and whiteboard applications. Text
chat allows users to interact via a text con-
versation. The Whiteboard application allows
users to draw various shapes on a shared draw-
ing space �effectively shared Microsoft Paint-

brushr�. Another application is File Transfer.
This appears in a similar form to text chat; a
menu of participants allows the user to choose
to transfer a file to another single participant or
to the entire complement of participants. The
final, and possibly most powerful feature of this
package is the application sharing feature. This
allows a participant in a NetMeetingr session
to share any application running on his or her
computer. For example, a simulation package
can be “shared” by selecting application shar-
ing and selecting the simulation package from
a list of running applications that NetMeetingr

can find on that participant’s computer. Once
the package has been shared, all participants
receive an image of the package as if it were
running locally on their computer �the simula-
tion package shown inFigures 3 and 4 is actually
running on the computer of the other participant
in the conferencing session�. Each participant
can see the shared package and the results of
any manipulation performed by the owner of
the package. For example, the owner may com-
municate to the other participants �by text chat
for example� that s�he is going to run the model
to demonstrate how a part of the model works.
The owner runs the model as usual and the other
participants will see the model animation as if
the package were running on their own compu-
ters �with the caveat of communication speed�.
If one of the participants wants to point out
a model feature, or indeed stop the model and
change some aspect of themodel, the participant
can request control from the owner. If control is
granted, then all participants will see the mouse
arrow annotated with the ID of the participant.
The participant is then in direct control of the
package running on the remote machine of the
owner and may modify the model as they wish.
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Fig. 3. Microsoft’s NetMeeting with Simulation Tool.

Fig. 4. Text Chat and Whiteboard Features of NetMeeting.
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The next section discusses some experiences in
the evaluation of the NetMeetingr groupware
in support of human-to-human collaboration in
simulation modelling.

4. Evaluation

The approach taken for evaluation had two sta-
ges. The first stage invited participants to take
part in a “standard” demonstration of NetMee-
tingr and then in a follow up with a question-
naire that invited participants to consider how
potentially useful they might find this applica-
tion in their role as a simulation modeller. The
second stage was to visit the participants two
to three months later to see how �if any� adop-
tion of the software was progressing. During
the two to three month gap, the staff at Brunel
University provided user support in the imple-
mentation of NetMeetingr facilities at a partici-
pant site. The staff were restricted to the user
support role. Care was taken to ensure that the
staff did not introduce new ideas and experience
into the process – our objective was to examine
the individual innovation made by a participant
and not that given by shared experience.

4.1. Stage 1

In the first stage, the demonstration was pro-
vided at nine different sites to approximately
seventy subjects �one site involved a workshop
led by the Simulation Study Group of the UK
Operational Research Society�. Eleven returns
were made from users in industry, defence, and
academia. The results are presented here there-
fore as an indication rather than exhaustive evi-
dence.

The demonstration took the form of an example
of collaboration between two users �the mod-
eller doer and the system owner done for�. A
laptop with NetMeetingr was connected via a
standard modem to a global NetMeeting server.
Each of the groupware features was demon-
strated in turn with application sharing left for
last. The voice communication mechanism
used was telephone �mobile� rather than the
audio feature of NetMeeting. This was due
to feedback when audio was placed on exter-
nal speakers �necessary for the demonstration�.

The evaluation of audio was therefore on the ba-
sis of telephone �in two cases conference calls�.
The most unpredictable element of the exercise
was making the modem connection, as various
methods were used each time to find an appro-
priately working phone point. The video image
that was shown was quite jerky. It was pointed
out that this would be smooth if a high speed
connection to the Internet was used, rather than
via a lower speed 56K modem and a telephone
link.

Each participant was asked to rate on a scale
of 1-5 each of the demonstrated features of
NetMeetingr, according to howpotentially use-
ful they found the feature. Figure 5 shows the
results of the evaluation. Ranks 1 to 5 indicate
the perceived value of a feature with 1 indicat-
ing a low perceived value and 5 a high value.
The “hits per rank” are the totalled numbers of
respondents per index. For example, “video”
has two respondents ranking it as ranks 1 or 2,
five as rank 3, and one as ranks 4 and 5. To
summarize:

� audio showed favourable results,

� video performed moderately,

� whiteboard performed well,

� text chat performed poorly,

� file transfer performed well, and

� application sharing was outstanding.

Discussions indicated that audio was �possibly
obviously� useful to communicate with partic-
ipants. There was, however, some confusion
concerning the use of computer-based audio;
most demonstrations used telephone�conference
call rather than the application’s audio �which
was prone to feedback�. Discussions also in-
dicated that video was liked by some, but it
was observed several times to be a “novelty.”
The information sharing applicationswere most
popular. The ability to conveniently document
shared conversations via the text chat applica-
tion was well liked. The whiteboard was also
liked and, in several cases, it was observed to
be a convenient “brainstorming” tool. The file
transfer utility was found to be useful, as it was
considered helpful by some to transfer files to
all participants by a click of a button, rather than
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Fig. 5. NetMeeting Features by Rank.

having to use email attachments. Many differ-
ent uses of application sharing were discussed
and were oriented around the ability for multi-
ple users to take control of another’s application
to interactively demonstrate various model fea-
tures on-line.

4.2. Stage 2

This stage involved discussions on the use of
NetMeetingr with all returnees. What these
showed was that two to three months after the
return the questionnaire, either the returnee did
not use NetMeetingr or they were now sup-
porting some parts of the simulation modelling
task. The only major difference between the
users and non-users was the amount of mod-
elling performed by the returnee. In subse-
quent follow-up meetings to study the way in
which NetMeetingr was being used, three in-
dustrialists were singled out as innovators in the
use of NetMeetingr in their simulation mod-
elling activities. Overall, in terms of interaction
with the various roles involved in a simulation
project experience with the use of this tool has
seen the augmentation of regular communica-

tion between the doers and the done for. Our
returnees emphasised that this technology must
not replace face-to-face meetings with remotely
led net-conferences. However, since it appears
that meetings can significantly contribute to the
cost of a project, several modellers have com-
mented on the use of net-conferencing to re-
place some meetings. Their innovative uses of
NetMeetingr are outlined below.

Conceptual Modelling. As has been men-
tioned, in this activity the doers require fre-
quent and regular contact with the done for
and done with in order to understand the na-
ture of the problem situation, to define the mod-
elling objectives and to define the conceptual
model. In the discussions specifically related
to NetMeetingr, the main application that has
appeared is the use of the whiteboard to collab-
oratively map out the boundaries and details of
the conceptual model. In this situation, seve-
ral computers have been networked in the same
room, possibly with one being linked to a pro-
jected display. A discussion takes place about
the model, usually run by a facilitator, and par-
ticipants draw appropriate diagrams sharing the
whiteboard. This is a computerised version of
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a flip chart with the bonus of being able to
import figures and diagrams and interact be-
tween parties in real time. No specific use of
NetMeetingr has been identified for the done
to �the providers of the data necessary for the
development of the model�.

Model Coding (especially white-box valida-
tion). In this application, face-to-face meet-
ings are required to discuss whether or not a
model is being coded correctly �although less
than in Conceptual Modelling�. Typically, the
doer demonstrates the model to the done for and
to the done with to determine correctness and to
promote belief in the model. Several modellers
are now using the application sharing feature of
NetMeetingr to replace some of the meetings.
This, combinedwith a phone call �or conference
call�, allows the doers to interact remotely with
the done for and to the done with by allowing
both parties to interact with the modelling soft-
ware. In addition to this, the text chat feature
has been used to document the agreement be-
tween parties that a change in the model coding
has been agreed. This has been used to add to
the model documentation.

Support Tasks. In addition to Conceptual
Modelling and Model Coding �and Validation�,
NetMeetingr has found its use between the
doers and an unexpected group of members of
the done with. These are the support teams
found in large simulation groups and simula-
tion vendors. There are some project costs that
come as a result of the need to install new simu-
lation software �or software tools�, training to
use the software, and support on tool use prob-
lems �rather than on Validation�. The ability
to share a simulation application through Net-
Meeting means that simulation software can be
installed remotely �in one case across two con-
tinents�, can be used to augment �not replace�
existing training strategies, and can make sup-
port on tool use completely remote. This point
was reinforced by the insistence of one returnee
requiring that the support on their simulation
software was performed through NetMeetingr.
This has resulted in NetMeetingr being inte-
grated in the vendor’s support package and is
now being roled out to their customers.

5. Conclusions

This paper has discussed, from the perspective
of CSSM, the problem of whether or not it is
possible to support human-to-human collabora-
tion in simulation modelling through the use of
commonly available groupware technology. We
have identified that in a simulation modelling
study, people that play different roles during a
series of simulation modelling tasks, and that
communication and collaboration is a key fac-
tor in the success of such a study. We have
introduced the notion of groupware and its clas-
sification via a time�location matrix, and have
presented NetMeetingr, an example of com-
monly available groupware. Experiences of a
successful �but limited� two stage evaluation of
this type of groupware were then considered,
and it was shown that, for this type of group-
ware at least, it is possible to support collabora-
tion in simulation modelling. It may well be the
case that the integrated nature of the groupware
tool has positively biased these against other,
single-featured tools. However, these results
are informal in nature and we freely acknow-
ledge that more substantial work still needs to
be done �such as that based on ground break-
ing work performed on cognitive cueing in the
early seventies �18,19��. Even so, these results
have been successfully adopted by three major
industrialists �see below for one example in the
Ford Motor Company�.

Some might consider it obvious that simulation
modelling is a fundamentally interactive tech-
nique that will always require must communi-
cation and collaboration to be successful �or
indeed possible!� However, as this paper has
discussed, the type of interaction between the
roles of those involved in a simulation study can
vary. We consider the time�location matrix as
a convenient representation that captures same
and different time and location modes of work-
ing. For example, during conceptual modelling
the doer and the done for will meet regularly at
the same time in the same place to “brainstorm”
different approaches to modelling a problem.
However, if either party cannot physically at-
tend the meeting, they can meet at the same
time and in different, but predictable places �via
net-conferencing groupware, for example�. Be-
tween meetings, information can be shared at a
different, but unpredictable time�different, but
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predictable location basis �via email, for ex-
ample�. Similar examples can be cited for other
simulation tasks and other combinations of time
and location. In otherwords, we suggest that the
time�location matrix in conjunction with this
paper’s consideration of roles might be used to
structure and guide thinking as to how technol-
ogy �groupware� can be used to support the var-
ious tasks in simulation modelling. Addition-
ally, organizational approaches to collaboration
can also be considered. For example, Thinklets
�20�, effectively well-defined social protocols to
describe interaction between people, can reduce
the time and cost of a simulation project with
and without groupware.

In conclusion, it is hoped that this paper will
engender further research into CSSM though
groupware and studies of a more formal nature.
For more examples on the use of NetMeetingr,
see �21� for a study of how groupware has
changed work practices in Power Train Opera-
tions in the Ford Motor Company. Specifically,
this addresses the use of NetMeetingr to re-
solve modelling problems, to train users in soft-
ware and to obtain “on-demand” vendor support
via application sharing. To find out more con-
cerning computer-to-computer collaboration in
CSSM, the COTS Simulation Package Interope-
rability Forum �CSPIF – www.cspif.com� is
currently addressing such issues �22�.
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