
Table 1. Technologies in place for the support of Virtual

Collocation.

~
........................................................................................... ............................!.....

Telephone (wI headsets) questions & answers

Audio Teleconference coordinating work........................................................................................... ..................................
Video Conference Room rarely............................................................................ ..................................................
Desktop Video never....................... ......................................................................................................

Object sharing
Fax rareiv

Voice Mail scheduling phone calls....................................................................................!.. . ..................................
Email scheduling, information,

questions..................................................................... .........................................................
RCS (Revision reporting on code revisions

Control System)

Objects

Shared File Server sharing code files................................................................................ .............................................
Paper Memos broadcasting company-wide

information

Transitions between
modes of work

Electronic Calendars tracking others’ location

Silpport for mana~ement

Meeting Notes rarely

The team recorded their daily activities and planned
meetings on the company’s email-based calendaring
system. It was the culture of the entire company to do
this, so that people who needed to contact someone had
information relevant to their whereabouts if they did not
answer their phone. If someone did not use this calendar
system, they were expected to keep a paper calendar open
on their desks, perusable to all who entered their office.

The project management of this team was accomplished
with weekly tie-to-face meetings, alternating weeks with
the whole group and one-on-ones. There was no
technological support used in these meetings.
Occasionally people made hand-written notes on tasks they
were to do. No one recorded meeting minutes, and there
was no distributed list of priority tasks or open issues.

Shared-X was successful for code reviews (text based
displays). It was, however, very slow in long-distance
communications that crossed international borders. Because
of the way their 3-D modeling program was implemented
in X, sharing these tiles was deadly slow. Furthermore,
although Shared-X allows both parties to see and edit the
shared object (one at a time editing), the absence of a

teleprinter was noted as a significant impediment to short-
hand conversation. We recommended exploration of other
shared editors or shared window systems.

We wanted to recommend video on the desktop but knew
it was not ready yet. Based on the literature on the role of
audio and video channels in communication [5], we
believed that conversations between people not sharing the
same first language would benefit from video on the
desktop. These studies clearly show that understanding
meaning is easier if you can see the facial movements in the
articulation and accompanying gestures. However, because
today’s video on the desktop is not only expensive but
slow, we cautioned against immediate purchase and
installation.

Fax was an obvious recommendation. We suggested that
they get software for i%x on the desktop to support the
sending and receiving of faxes tiom compatible remote
sites. We also recommended that they acquire a more
standard local fax in their area and under their control.

We recommended Lotus Notes to this team because our
workflow analysis showed that most of the coordination of
moderately coupled work was being accomplished through
meetings. These meetings were perceived to be
unnecessarily time consuming for all, but especially for the
sothvare engineer located in a separate building who found
it particularly disruptive to have to drive over for each
meeting. Further, the team meetings generated information
and decisions that were unavailable to the remote (or
absent) team members, which resulted not only in lost
information but also a feeling of disassociation and lack of
commitment to the overall project.

A conversation database like Lotus Notes was proposed as
away for the team to reduce meetings while still creating a
forum for discussion, task assignment, priority assessment,
and open issues. These could be monitored and responded
to by team members at any location. Further, the database
would also automatically track the decisions and progress
of the team, thus creating an archive of the team’s activity
that could be used by future teams.

In summary, in Table 2 we list the technologies we
recommended to supplement the technologies already in

Recommendations for Groupware for this Team. Support place.

for tightly coupled work involves the ability to talk about
an object (e.g., a bug, a design aspect) interactively, and
being able to see and gesture at the object at will. Those
in this group whose work was tightly coupled used audio

conferencing with headsets and Shared-X window sharing.

When running over local communications systems,
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Table 2. Technologies Recommended to Supplement
those Existing for Virtual Collocation.

Synchrtmous Work

Conversation

Desktop video when it is fast enough

Object sharing

I Fax (PC and standard).......................................................................................................
Shared Editor/Shared Window with I
high performance and teleprinter

Asynchronous Work

Conversation

Lotus Notes conversation databases

Objects

Lotus Notes open issues lists, bug reports
and enhancement requests

swwi rt for mimagelnelit

Computer supported meeting minutes
with translation to Notes database

Phase II: What worked for them?
One of the goals of the pilot group was to capture elements
of their experience with virtual collocation technologies to
share with others in similar fitme situations. We were
asked, therefore, to interview the members of the group
twice during the year to assess the use of and opinions
about the technologies,

Method. We interviewed all team members twice: once
about 4 months into our project and again 6 months later.
These interviews were unstructured but followed a standard
process. We fwst asked the person to begin by
constructing a timeline of the major events since we last
interviewed them. (Recall that there were initial interviews
with them to establish the workflow and communication
analyses). Indeed, some brought along their Franklin
planners or design notebooks to assist them in this recall
task. As things came up about the use of technologies lb
remote communication or management locally, we pursued
these topics in more depth. If these topics did not come
up, we probed for them.

Analysis. The interviews were not recorded both of the
authors were present at most of the sessions, and we
covered each other in note taking. We transcribed our
notes within 24 hours of the session, to make sense of the
notes while memory could help us. We collated our notes,
and then organized them around various themes: the
history of the group, virtual collocation, management, the
emerging new soflware design process, etc. We checked
the notes for accuracy with each of the interviewees, and
then compiled the comments into coherent reports on each
of the themes.

Results - Tightly Coupled Work. Although the virtual
collocation technologies were available and at least initially
used, people still traveled. There were various reasons fix
this:

In working with foreign partners, it is important to get to
know each other. The best way to do this is to meet for an
extended period fkceto-t%ce. For collaborative activity to
succeed, it is important to understand what each other
knows [6], and to build a base for trust and commitment.
Therefore, meeting in person and sharing more than work
tasks can be crucial.

Although telephone and shared work objects are good fix
task oriented work (e.g., code walkthroughs), they do not
sui%ce in giving people ‘Y&e time” in management
meetings. Several of the team members traveled to other

locations merely to have their i%e seen and recognized.
This happened most often with meetings that included a
manager because this was the person who would evaluate
performance, career paths, and raises. As a consequence of a
matrixed organization, this manager was not always the
same person as the team manager.

When the car part designer was negotiating conflicts in the
composite assembly “under the hood,” he found value in
being physically present with other parts designers. First,
the shared object was there fm easy ~fenmce and, in some
cases they could manipulate the CAD composite drawing
to explore solutions. Second, and more subtle, the parts
designer reported that it was important to look the other
designers in the eye when negotiating changes and to affirm
commitment to agreed on changes. The act of committing
in person was viewed as being much stronger and more
reliable than an acknowledgment over email.

In the course of the year, the part designer and the soflware
engineer who responded to bug reports decided to put the
bug reporting on Lotus Notes. This was motivated by
several events: The designer and software engineer had
previously been sitting next to each other with a half-wall
cubbie desi~. When a bug appeare~ the designer would
interrupt the software engineer, report the bug, and discuss
possible causes and solutions. Atler an organizational
shift, the entire core team relocated in another building.
The shift separated the designer and the sofhvare engineer
so that they were no longer in each other’s field of view.
Atler a while, the designer found that his reports of bugs
presented in the management meetings were going
unheeded, unf~ed by the sofhvare engineer. The team
decided to institute a Notes application for bug reports,
where the designer could capture as much of the situation
that preceded the bug as possible and ship the report to the
soflware engineer. The engineer would then access Notes
to see what diftlculties the designer had encountered and fix
them. A previously tightly coupled work activity had
become loosely coupled due to the physical move, to the

detriment of the overall work goals. The adoption of the
Notes application re-created more tightly coupled work.

Three subtle outcomes arose from the now more tightly
coupled work: First, the designer felt ,satisfied that his
requests were being honored because he could track the
progress of the solution of the bugs. Second, the soflware
engineer felt that his work day was less interrupted as he

424



had control over when he read and responded to the bug
reports. If the bugs weren’t showstoppers, he could plan

the solution more broadly to integrate with other aspects of
the developing soflsvare, Because the sotlware engineer
wanted the parts designer to succeed, he did not delay bug
f~es in favor of enhancements; his priorities were in synch
with the car part designers. In addition, the soflware
engineer now gained control over significant blocks of time
because he was no longer interrupted (as when they were
more tightly coupled by virtue of their physical proximity).

Third, on the negative side however, when the parts
designer and the sotlware engineer would discuss the bug
fhce-bt%ce in the past, the designer would actually
contribute to the solution. That is, the two team members
would work on the bug together. Now, with Notes, as
soon as the designer entered the bug report, he absolved
himself of any responsibility to help solve the problem.

During the tenure of our interviews, the team did not use
the existing video on the desktop nor did they fmd a
suitable upgrade. Shared-X continued to be a mixed
blessing-- usefi-d for sharing within the company’s domestic
network for text based things, but unacceptably slow fix
international and/or graphics based work. The team
recently formed an alliance with a sotlware developer to
build what they needed--a win for both parties.

Results - Moderately coupled work, The team installed
Lotus Notes and instituted three processes/databases: Open
issues, Bug Reports, and Enhancement Requests. From
their management meetings (and from daily work), they
kept a list of things that needed attention. These were
entered into the appropriate database and assigned to a key
responsible person. Others could track the progress cf
each, as well as choose the next most important thing to
work on when they completed a previous task.

All three of the databases for daily work were used for a
number of months. As the management meetings
dissipated (the manager gradually shifled from managing
the group to selling the idea of the software process to
outsiders), less information was kept on any database.
Most coordination turned to t%ce-to-face or telephone
conversations about what to do next. The open issues,
bug reports and enhancement request databases fell into
disuse resulting in moderately coupled work becoming
only loosely coupled.

Three factors contributed to this: There was some
reluctance to using the databases because of the increased
ability of management to track progress. Because of an
initial bug in the database, most of the tasks were assigned
to one of the software engineers, even though everyone on
the team knew that at least some of the time on each task
the part designer and the other software engineer were
responsible. The one software engineer whose name
appeared most in the Notes database felt uncomfortable

appearing that he was holding up progress.

The second reason Notes fell into disuse was because it
was not “where they live.” Getting into Notes took effo~
and there was no automatic notification when things
changed in the database. Notes did not command the
attention that email did, and it was not left open in
background while the team members did their sotlware
development.

Third, although the manager asked the team members to
enter information into the databases, he himself did not
enter any. It turns out that he often read the items, but
Notes has no indicator to others when someone has read an
entry. Had this been signaled, we believe the team
members would have persisted much longer knowing that
the manager was indeed paying attention. His visible use
would have signaled that this process was considered

valuable.

Changes to the organization of work. The last major
result of the experience with virtual collocation involved
the organization of the work itself. When the project was
started, the foreign location was seen as part of the design
team for the software. They were to produce the
component of the knowledge based system. This goal
required a great deal of tightly coupled coordination to
wrestle with plans for the architecture and implement each
portion in a compatible way. As the year progressed,
however, the core collocated team took more and more
control over the architecture, even for the structure and
functioning of the module the remote team was initially
doing. The foreign location’s goal was changed to merely
provide the data for that module, not build the module
itself. Once this module design was hashed out,
populating it with data took much less coordination.
Since the foreign location was not connected by Shared-X
or Notes (the fmt a technical problem with networking
across international boundaries, the second an oversight),
coordination was difficult. To solve the ditliculty, the
work was restructured to be more loosely coupled.

Similarly, the local team member who was in a building
20 minutes away grew increasingly more loosely coupled.
Of the things on the open issues list, he was allowed to
choose his assignments and he often chose things that wm
cleanly partitionable. Since coordination was not as easy
as being truly collocated, the work adapted.

Discussion and commentary
There are five general findings in this experience:

● social responsibility and commitment appeared
diminished or missing when people did not meet
f%ce-to-fhce.

● Notes fell into disuse for many subtle reasons.

● it is important to consider a suite of groupware tools
to support all modes of work.
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● our approach to analyzing this team’s work and
recommending groupware was generally successful
with a few suggestions of enhancements.

● when virtual collocation technologies involve
barriers, the work changes to be more loosely
coupled.

Commitments, responsibility in remote teams. We saw a
number of occasions when the social contracts of remote
team members were afkcted by their distance. The use cf
Notes for entering bug reports absolved the designer from
sharing responsibility for f~ing the bug. The designer
would travel to meet the designer of other parts under the
hood so that he could resolve conflicts “eye to eye,” even
though this discussion was possible remotely, and the
assessment of conflicts was done through an integrated
CAD system. This is an example of the types cf
depersonalizing effkcts found in email [15] though
surprising in a long term, cooperative, tightly knit work
group.

Notes use is driven by a number of subtle factors. The
failure of Notes in this case was only subtly due to
incentives [13] -if the manger’s participation had been
visible to the others, it would have implied that he
“blessed” the new process and others may have participated
longer. Notes also makes information available to the
manager that allows the tracking of work, information not
all workers will be comfortable with, especially if it is
inaccurate. Furthermore, since Notes was not where these
people “live,” where their email and calendars were located,
it took effort to get information out of Notes, and
sometimes new information was ignored.

Groupware needs to support all modes of work. Initially
this group thought that groupware meant video on the
desktop, an inference they drew from sales people and
advertisements for single products. By analyzing their
coordination needs in work, considering how they
supported both conversations and object sharing, we
successfully demonstrated to them all the technologies that
could be considered groupware. And, it became clear that
if any of the tools in the suite failed, the work was
impeded. Indeed, later when a world-wide team was
convened through teleconferencing to advise on a wider set
of rules to be incorporated into the knowledge based
system, they fhiled to prepare the technology so that they
could share a common object. This created great
coordination diftlculties during this very expensive 8-way
international telephone call. More importantly, it gave the
impression among the team members that this task was
impossible. Had they had a shared object, even through
fax, they could have coordinated much more easily and had
more satisfaction ffom the endeavor.

Designing and evaluating groupware suites. We set out
in this endeavor without a set of analysis tools; we
borrowed and adapted tools from other domains. From
interviews, we constructed communication diagrams to

show who coordinated with whom, we drew activity flow
charts to show the flow of work and the sub-activities at
various times in the process, and determined which parts of
the work were loosely, medium, or tightly coupled. We
then assessed the current suite of tools for real-time.
asynchronous support of both conversation and sharing the
work objects, and looked for support for the transitions
among work modes and the overall management of the
project. Recommendations followed.

In the end, we were satisfied with all of these steps in the
process except two. First, we did not fmd a way to

represent and recommend various ways in which the team
was managed. None of our original representations showed
coordination meetings, to-do lists, or commitments.
IndeeL three of the core team members --the manager, the
technical support person (the one who bought and installed
Lotus Notes), and the administrative support person--did
not appear on any diagrams. Yet their work was essential.
We need to fmd ways to specifi and analyze this aspect of
team work to fill out the suite of groupware tools to help
remote teams.

Second, although we cataloged which stages of the current
work were tightly and loosely coupled and noted their
changes over time, we did not go the next step to designate
which stages had to be tightly coupled and which could be
successfully done more loosely. Some tasks involved tight
coupling because the participants were in very close
proximity. It was not clear at the time whether that tight
coupling was necessary or not. This examination could
become an important part of a modified analysis method.

The task adapts to the coordination barriers. Since the
technologies did not effectively support tight coupling” with
remote team members, the project management evolved to
assign tasks to remote members that did not require tight
coupling. This is a subtle form of tailoring or adaptation
[17]. At least until the fill suite of tools is in place and
performing well, virtual collocation of tightly coupled work
may not be possible. We have a long way to go befo~
conversations on the desktop will be equivalent to those
that happen “eye to eye” over a physical model of the
components under the hoot or before the effort expended in
reporting a bug engenders a feeling of commitment or
responsibility in solving the problem. There is something
about f%ce-tAce that is different than remote work, and
therefore work must adapt. We will see more loosely
coupled tasks crossing distances, and leaving the tightly
coupled tasks to face-to-fhce, whether it be a truly
collocated team or by travel.
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