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Abstract: We are interested in the coordination of design and planning decisions in large, multi-
organization projects and the implications for technology support. What distinguishes these
projects is that they are goal-driven "virtual organizations", involving corporations of very
different sizes, professional traditions, cultures and geographical location. We have observed
several months of planning and review meetings in a multi-national architecture project and have
gathered large volumes of design and planning documentation in the form of memoranda, faxes,
project plans and design drawings. We have analyzed both types of data (meetings and documents)
in the light of the question: how do multi-organization design projects coordinate their planning,
designing and progress assessment processes? From our observations, the processes are likely to
be fluid and negotiated even among highly experienced participants. Although a project has a
common goal, the fact that independent companies are involved implies that visibility of design
information is contingent on the organizational closeness of the parties concerned. And although
the architecture profession is increasingly using computational models as the basis for design,
printed drawings still have a definitive status for planning and approval. These conclusions affect
the applicability of structured workflow technology for such projects. We outline the requirements

and possible features of useful coordination support.



1 Introduction

We are interested in processes and technology that aid coordination in project-oriented design work. Design work is
work that leads to the production or plans for subsequent construction, manufacturing or implementation. Some
aspects of design involves the regular application of principles and procedures [REFS], and is therefore amenable to
tool support. But a large component of design is creative. Not only is it impossible to codify the design process in
detail, but it would be unwise to try. And yet in large design projects that involve many designers, often working
for different organizations, some degree of unobtrusive coordination support is clearly necessary, coordination

support that would seem to require explicit description of the design process.

To understand better how to resolve the paradox of providing support for design teams while not constraining their

design creativity, we have been studying the design process in a mature discipline: architecture.

1.1 Architecture

Architecture as a profession has existed for many centuries, with its earliest formal treatises coming from the Roman
era. Architecture originally served as the profession/organization taking the lead in coordination among the various
crafts that fabricate a building. Originally this involved both design and construction. Only during the Renaissance
did architecture distinguish the designing of the building from managing its construction. As the complexity of
buildings has grown, the processes within the construction industry have evolved to deal with both the needed
management and production changes. Most buildings are one-of-a-kind, requiring custom design and fabrication and
thus the methods of coordination must be general and industry-wide. In that sense, the processes of coordination
are largely embedded in the culture of the construction industry. At the same time, the total direct cost of design of
a building is usually less than 10 percent of the construction cost. This is amazingly low, in relation to the design

costs of other products.

Part of the advantage that architecture and building design has that leads to these design cost efficiencies are the
widely understood conventions regarding the components of a building, their various functions, and how a building
is constructed. Many buildings can be viewed generally as made up of a well-defined topological structure of
systems and components (how floors, walls, ceilings, roofs can be composed), with the components being

parametrically defined according to the particular topology chosen.

Since before Roman times, the need for coordination among the craftsmen constructing a building or other civil
works led to the use of orthographic drawings, to deal with the long time spans and multiple craftsmen involved
(in contrast to clocks, canons, armor and other types of complex fabrications where drawings were seldom used)
[Booker,63]. In construction, architectural drawings are legally part of the contract between owner and contractor.
Architectural services, at their most basic level, are to produce the needed contract documents needed for

construction.



As designs became more complex, so did the drawings to specify them and the organizations to generate them.
Many specialists have emerged to deal with the various issues. These most often include structural and mechanical
engineers. But they also involve consultants for building subsystems (lighting, acoustics, landscaping, building
maintenance, fire safety) and also to provide detail requirements for special types of building spaces (hotel,
department store, laboratory, hospital consultants). Some consultants become responsible for certain drawings,
while others only consult the architect to address specific issues addressed in producing the drawings. Collectively,
the consultants together have the objective of making the resulting building a good example of the state of the art,
from their particular specialist perspective. It should be noted that drawings are inevitable highly redundant,
requiring the same geometry to be depicted in multiple views and scales for different purposes -- such as for a site

plan, for a floorplan, and for some window or other detail, and in plan and elevation.

Beginning in the late 1970s, architects began exploring the use of computer-aided design (CAD) for producing
architectural drawings. Initial work in architectural CAD typically begins with the production of drawings using
electronic drafting tools. Many practitioners are still making this transition today. At the same time, there is also a
long architectural tradition of producing both perspective drawings and constructing scaled study models of the
building shell or of various details. These can be done, of course, using 3D modeling and various rendering
applications. The use of 3D modeling of a building for use during its design is only being adopted for use by a few
innovative firms currently. The coordination of design information between 3D models and traditional architectural
drawings is highly complex, and is not yet well supported by products. Because of the varied pace of transition to
digital media and the various levels of technology in use, there are widely varying practices among architectural and

building consulting firms.

1.2 Coordination in Architecture

There are broadly understood general conventions for coordination of architectural project design work. At the
drawing level, this involves the regular integration and updating of drawings and their distribution to the various
team members This is known as a "release drawing set" and denoted with an identifier, often the date and sent to all
the parties involved. The coordination required to integrate different aspects of the design or requirements are
usually dealt with through personal communication by the parties involved. When not in the same office, this

might be by telephone or fax. Drawings are sent by fax or express mail.

With electronic data, these conventions can be expanded. Instead of sending release sets of drawings, a file server
may be used, with FTP distribution and web-based communication is being explored. Electronic mail and private
chat spaces are being used internally to a single firm and with growing frequency among distributed team members

of a project.

Because of different levels of technology being practiced in different architectural and consultant organizations, these
communication practices tend to revert to the lowest common denominator within a project team. File size
limitations imposed by servers used by one participant may limit the communication among all. Many firms still

do not use electronic mail, which requires that any message sent or copied to them be in the form of a fax. Modern



CAD systems have good automatic features for dimensioning, laying out various annotations, and producing
various drawings from a single complex structure of overlays. But if different firms use different systems, only the

basic drawing can usually be exchanged, because many of the advanced features of CAD systems do not transfer.

While architectural drawings are universally recognized as a coordinating artifact among a team of craftsmen
constructing a building, there is no equivalent representation or artifact for coordinating the process of design. If any
coordination artifact is used, it is a schedule, with tasks assigned as bars on a timeline, in the form of a Gantt chart.
However, the coordination of work among a team of design professionals is highly complex. The resulting set of
drawings, often consisting of several hundred to several thousand sheets, reflects the amount of information
involved. These are put together by a team that is possibly new to working together, involved in decisions that are

highly interdependent.

Communication dealing with requirements, schedules, and other non-drawing exchanges are seldom structured in
any particular way. Telephone calls, faxes, mail, and occasional email may all be used. Review meetings involving

personal exchanges regularly take place.

1.3 Coordination Technology

The intellectual tools for planning complex projects were developed in the 1950s with the development at the
RAND Corporation of the PERT method and critical path scheduling for large aerospace construction projects.
Coordinating construction work depends on the planning of dependencies among physically dependent elements in a
structure. Many construction tasks simply cannot be accomplished until predecessor tasks have been completed that
establish essential prerequisites for subsequent work. A mechanical component cannot be installed into a housing
until the housing is present. A roof cannot span a space until its supports are built, and these in turn cannot be
raised until their foundations have been completed. Such task dependencies reflect the mechanical principles and are

generally clear to all parties concerned.

Design, in contrast to construction, manipulates symbolic dependencies among information objects. The artifacts
created by design projects are models and documents not physical structures, and deciding whether a predecessor
task has been completed is often more a matter of judgment than the application of physical principles. This allows
for more iteration and equivocation in design than in construction. It makes it possible for a task to go ahead before
other tasks on which it depends are complete as long as those preceding tasks make tentative commitments that can
be acted on. Coordinating tasks with soft dependencies and degrees of completion is therefore not as straightforward

as coordinating construction tasks.

Another coordination tool in widespread use is the process map or task model. Such representational tools were
developed for specifying processes in domains where regularity and policy conformance are required for economies
of scale, such as in manufacturing or routine service provision. They involve the analysis of typical work processes
into recurring steps, roles, interactions and sequences, and they result typically in a graphical depiction of a
distributed algorithm for performing the work. Each unit manufactured or each loan processed (for example), is a

single execution instance of the relevant process. Continuous quality improvement programs are attempts to fine-



tune a process without radically restructuring it; business process reengineering programs are attempts to restructure
processes from end to end. In both cases, though, it is essential to assume that the process under scrutiny exists and
is fairly stable, that it has clearly identifiable and readily discriminated steps, that the steps occur in a recurring
order, that alternative courses through the process depend on decisions made at defined points in the process and for
prespecified reasons, and that people, organizations and the machines they use have clear and predefined
responsibilities to perform the stipulated work steps and make the required decisions at the appropriate points in the

process.

Some writers have advocated the use of process maps for design work, especially software design., even to the
extent of designing programming-like languages for specifying design processes [REFS], and there is a growing
research community studying the software process (that is the processes of software design, development and
deployment) and building computational tools for its support. Design work, however, is project work. Although
there may be uniformity in some design work from one project to the next or within a project in the way different
design decisions are handled administratively (for example, the request management, approval, incorporation and
dissemination of changes) design does not consist of the repeated application of business processes en masse. It is
therefore likely that coordination mechanisms and processes that have evolved for regulating continuous operations

in manufacturing and the service industries do not apply directly in design projects.

Much project work occurs across organizational boundaries. With current trends toward business process
reengineering and outsourcing of non-core business functions, work that previously was done by an integrated team
within a single organization is increasingly being done by heterogeneous teams involving groups from several
organizations. Design coordination across organizational boundaries has a different flavor from coordination within a
design organization. Organizational loyalties, the culture or climate within the firm, professional traditions and
working practices; these all may erect boundaries within a design project when it is the responsibility of a
consortium or virtual organization. Procedures that are well understood within a single organization and that do not
therefore require articulation, must be laid out and agreed to more explicitly in a team made up of several unfamiliar
organizations. Conversely, organizations that frequently work together on projects may develop tacit understandings

about process that resemble those found within organizations.

Coordination tools for project work (e.g. PERT planning) and business processes (e.g. process maps) are not
affected by organizational boundaries. A task in a project plan may be allocated to a different organization than a
task on which it is dependent, but from a functional viewpoint this is a mere detail and the topology of the
dependency network is not affected. Similarly, two interacting steps in a process map may be allocated to different
organizations, but these are just treated as roles and are no different functionally from two positions in the same
organization being responsible for the steps. Our goal is therefore to identify objectives, constraints and
requirements for coordination mechanisms that truly benefit project work in among heterogeneous design

organizations.



1.4 Contents of Paper

In this paper, we take an empirical approach to coordination practices by reporting a detailed study of coordination
in an architecture project involving several independent organizations. Our goal, however, is to develop a set of
technology requirements that are more general than this specific setting. We start in the next section with the
context for our study. We give a narrative summary of a major architectural project involving the architecture firm
John Portman Associates (JPA) and several other participants. We then describe our research methodology, which
involved the gathering of qualitative project data from JPA. In Section 3, we describe the coordination phenomena
that we observed in the JPA project. In doing so, we draw attention to events and factors that do not seem to lend
themselves to technological support but which we believe must be taken into account when designing coordination
support tools. In Section 4, we discuss the implications of the study for the design of design coordination support,
illustrating our general requirements and constraints with a concrete technology scenario. Finally, in Section 5, we

discuss the study and its implications.

2 Project Description and Methodology

2.1 The JPA Project

The specific project studied was a large design and construction project covering a city block in Shanghai, China.
The design architects were at John Portman and Associates, a firm well known and respected for its high standards

of design and also its experience in Asia. The client was a major conglomerate in Korea.

The city block development consisted of four buildings, including an apartment building, a department store,
entertainment center and retail galleria. The major building on the site was a 92 story tower, consisting of 61 stories
of office space and 29 stories of hotel on top, with several additional observation deck floors. This number of
stories would make it one of the ten tallest buildings in the world. The complete block is to be excavated for

underground parking and for locating services.

A project of this size takes years to plan and negotiate, even in order to get the project officially started. The initial
program of types and quantity of building space and their general composition on the site were explored as
alternative initial design concepts for over a year, prior to the client organization agreeing to proceed with the project
and committing financially to it. Thus at the official project initiation, the client organization and design architects
had agreed on the amount of space to be built and of what types, the general layout of the buildings and their
general exterior shape or massing, and a general floorplan layout for the four buildings. Our tracking of the project
began with the meeting approving the concept design. Normal architectural contracts break up the design process
into a series of stages: concept design, schematic design, design development, contract documents, construction
document administration. These stages are well defined in the contracts of the American Institute of Architects and
these definitions were agreed upon as the standards to be used within the project. Our study of the project was for a

period of four months, which covered all of schematic design and the beginning of design development.



JPA was responsible for the initial design and its development through detail floorplan layout and definition of the
various mechanical, structural and other systems. A handoff would be made to a Korean architecture and engineering
(A&E) firm that would become the construction architects and do the working drawings and supervise construction.

A Shanghai architectural association was also an associated architect. These were just the main architectural

Figure 1: The project’s contractual and organizational structure.
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members of the design team.

Because of the height and significance of the office and hotel tower, a highly respected structural engineer was hired
as a consultant for the structural design. (The lead architectural firm, JPA, had structural engineers on their staff.) In
addition, a Canadian university consultant was hired to do wind tunnel simulations of the building, to better
determine wind loading on the structure. A respected firm was hired as the mechanical engineers for the project.
Also, a curtainwall consultant was hired to deal with the building exteriors, called facades, of the four building
project. Also, just before the concept design was approved, the client hired a large construction management firm,
who was to oversee design work and later oversee construction. In addition to this main team, there were a large
number of additional consultants, who were hired by either the architects or client. These included consultants for
transportation and parking, building maintenance (window washing), fountains (the plaza between buildings has
several), exterior lighting, department store facility planner, hotel services consultant, etc. We counted at least 24
consultants hired during the project [Eastman, Potts, Hsi,98]. Figure # shows the contractual relationships and
reporting structure among the different participants. For example, JPA had hired the wind tunnel, structural, MEP,
and curtainwall consultants. Many of the other consultants were hired by the Korean architectural firm, who also

had their own structural, MEP, and curtainwall consultants.

2.2 Research Methodology

To learn how this project was coordinated, we recorded and collected some of the verbal and written
communications between the project participants. All of these were obtained through the architects at JPA who were
kind enough to make copies of their archived materials. Over the course of four months, we were allowed to attend
many of the weekly coordination meetings held at JPA. During these meetings, the architects would meet with the

construction management liaison and other consultants. The construction management liaison was primarily



responsible for conveying the information and data requests from these meetings back to the construction
management consultants, the Korean architects, and the customer for the purposes of allocating responsibility and
effort to the different project members. The liaison would also produce the minutes and project forms that would be
distributed to all the other project members. The meetings would cover numerous items, including open issues from
the last meeting, the status of all current activities, feedback from various formal and informal design reviews,
requests for information needed to finish parts of the design, and identifying design dependencies which were
holding up progress. Because of logistics, we were unable to attend some of the important design reviews and
customer meetings (they took place in Asia). Also, we could not obtain records of phone calls or notes from the

internal design meetings at the architectural firm.

Our data gathering consisted of handwritten notes from these meetings and interviews with the lead architects and
engineers at JPA, and many of the fax, document, and email transmissions that were sent and received by JPA. Due
to the sensitive nature of some of the discussions, we were unable to tape record the discussions. The notes were
collated as accurately as possible. The faxes and documents included requests for information, answers to those
requests, design reports submitted by consultants, and minutes from the various meetings. The majority of the
documents originated from the construction management consultant. All of the data were entered into a computer
and coded for content and context using a qualitative analysis tool called NUD*IST" (Non-numerical Unstructured
Data Indexing and Theory-building produced by Qualitative Solutions and Research). This tool was primarily used
for rapid search and indexing of the material. We analyzed the data, cataloging the different types of requests and
obstructions that were communicated. Whenever possible, we checked these details with the architects to see

whether they had been resolved and to learn how they solved that problem.



3 Project Observations

Throughout the time that we spent with the architects, we observed problems with the coordination in the project.
After some analysis, we found that the majority of these occurred during the interaction of different project members
and were strongly related to the contractual relationships and the working familiarity of the interacting participants.
Those interactions between team members of the same organization or between people belonging to organizations
with close working relationships tended to have very few conflicts. Those between team members from different
cultural backgrounds or organizational practices tended to have more problems. We also noticed some common
elements to the meetings and communications that seemed to result from the large scale nature of the project.
Understandably, the complexities involved with designing such a structure and with coordinating the efforts of
many different design disciplines will produce some obstacles to the workflow of the project. In the following
sections, we present our analysis of those elements that either characterized or motivated the interactions and

obstacles that we observed.

3.1 Shared Visibility of Certain Work and Responsibilities

During the coordination meetings, we recorded many discussions concerning who was to do certain tasks and how
others would then use the results to take next steps in the required work. In addition to major responsibilities, there
was significant discussion of information gathering or dissemination work that, while tangential to the overall
project, generated information crucial for completion of some task. For example, architects describe the function or
context of a building in a program. During one meeting, the architects expressed a concern that the customer had
not defined the program for the department store. Without the program, they couldn’t proceed with some of the
design details, possibly producing a delay to the project.

Responsibility would be assigned verbally at a meeting. These decisions might even be written into the minutes.
These minutes were distributed to the various organizations involved. However, they were not treated seriously and
were not considered a source for allocating responsibilities or work tasks. One possible cause was the poor
formatting and presentation of the minutes. They were poorly formatted, updated inaccurately, and didn’t offer a
means of distinguishing important items from unimportant ones. They were presented as a numbered list. Some of

the items were followed by a notation, with various dates inserted throughout the form.

4.5 5/28/xx: JPA stated that they need spot elevations around the site in order to fix
the lobby elevation. CM to follow up. [6/4/xx: JPA stated that they need the
information by 6/16/xx.] (Action - CM/Customer - 6/16/xx)

The fragment above showed an item that originated on 5/28, and carried over to 6/4. The ineffectiveness of this kind
of tracking was proven in one particular situation. In order to complete some of their schematics and design work,
the architects required the site elevations, which could be obtained from a survey showing the area’s different
heights and grades. This meant that a geotechnical consultant needed to be hired to perform the site survey and the

responsibility fell to the CM consultants to hire one. Three months later, in spite of added notifications, such as



“ASAP,” and date tracking to the action item in the minutes, the geotechnical consultants still had not been
contacted, causing a delay to the project. A visible and explicit mechanism for recording, disseminating and
tracking information flow responsibilities was lacking. Instead, project members relied heavily on internal

experience and expertise to keep track of all the tasks that needed to be performed for the next milestone.

3.2 Privacy Gradient

While the project needed high level coordination and tracking of dependencies between tasks, there were clear limits
to what degree internal operations were made visible to other organizations in the design team. The purpose of
maintaining privacy is to protect some aspect or domain from intrusion or interference. During the project, the
construction management consultants wanted to have all project participants record the number of hours that they’ve
worked on the project. The architects voiced some strong objections to this procedure because that wasn’t how they
measured progress. By knowing internal work schedules, it would have been possible for an external organization to
"meddle", suggesting changes to the workflow and schedules. This sort of action threatens the autonomy and
distorts responsibilities. Thus if information flows between organizations were made explicit, then each organization

needs to be able to control what part of their work was visible and what was kept private.

However, some tasks that relied on information gained by others was sometimes made visible. Similarly, some
tasks that were ongoing in an organization were made public, including their expected completion, so that the
source of information was made visible. The amount of visibility presented seemed to be based on the degree of
trust that two organization may have developed over time from working together and on the requirements of the

shared task.

3.3 Coordination through Shared Artifacts

There are broadly understood general conventions for coordinating architectural project design work. At the drawing
level, this involves the regular integration and updating of drawings and their distribution to the various team
members. This is known as a " release drawing set" and is marked with an identifier, often the date, and sent to all

the parties involved through fax or express mail.

All the project members referenced the drawings and their state of completion to communicate progress. The
completion milestones, expressed in terms of percentages, 15%, 25%, 50%, referred to the sets of drawings

submitted at each stage. For example, task items often cited specific drawing sheets.

"A needs comparative analysis of cost for drawing sheets Eq-E6 and pages MEP 8 &

9 of the 50% Schematic Design Drawings. Action - - X/xx/xx)
These diagrams helped to synchronize the discussion so that all the participants could refer to their own sets. In
cases where the design or drawing had ambiguities, the consultants would fax the drawing in question and ask for

clarification.

“Please find attached the elevation view in which we have indicated with arrows areas
that we are unclear about. There appears to be a number of curved lines on the

10



south face of the building and slanted lines on the west elevation for which neither
the plan view nor the cuts give any indication of what these might be. Can you

clarify?”

The drawings were also used during design reviews and modified as needed. Architects used some tracing paper,
called "bumwad," and marked over the drawings with a red pen to explore various changes. Then all the meeting
participants looked at the proposed changes and made comments on them. Approved design changes were then taped
to the drawings to be modified in the CAD file. Other artifacts used to coordinate the work included design reports
containing technical specifications for materials, a wind tunnel analysis, and written descriptions of the building’s
different pieces. Mostly, these were secondary supplements, describing details that couldn’t be illustrated or that

enhanced the drawings and the design detail.

The detailed nature and scope of this project required all the participants to have the same model or conception of
the building’s appearance and functions. Each participant had significant domain knowledge in their fields but not
necessarily the knowledge to convey their design to someone from a different discipline. The drawings and
associated documents provided a focal point for the different and subtle design variations, opinions, and
philosophies to coalesce and combine, after discussion. These artifacts created a common vocabulary for discussing

the project, allowing these diverse experts to communicate with one another.

3.4 Tentativeness of Commitment

Architectural design also involves many dependencies and sequencing. Sometimes these discussions are explicitly
stated, such as the need to bring in certain consultants at different stages. Architecture has evolved into almost-
decomposable systems, so that influential factors are frozen early (service core) and open issues don't generally have
pervasive effects. Because the difficulty of late rework, designers will only make tentative commitments towards
fixing a design until all the variables and issues have been examined. Once the design has been approved and
released, it will only change small details unless something significant is discovered, such as a government

regulation or a functional flaw.

For example, most of the design concept was created early in the process. Only minor changes made afterwards to
the tower and most of these were internal. The architects defended the external features vigorously and only
permitted slight changes for functional or slight aesthetic improvements. Structural and curtainwall consultants were
introduced very early because their design contributions cannot be changed in the later phases of the project. The
major elements of the design included the tower's function and appearance, structure, and wind tunnel analysis, the
major layout of the site, and the general functions of the buildings. This incremental design process forced some
early decision making. Because the early features propagated design dependencies over more and more features, not
committing to a decision could create significant delays. In one meeting, the architects were notified that the
customer had not yet approved the materials that would be used for the facade of the department building. In turn,
they responded that they couldn't do any more work on the building until some commitment was made. Unless a

general release was issued, they couldn't proceed and the schedule will slip.
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In addition to these early commitments, any work flow schedule for large architectural projects must be able to
constantly adapt to changes. The complexity and numerous variables that affect the design and construction of the
building necessitates this flexibility. We observed workflow adjustments throughout the project. The building
program changed several times, leading to changes in the needed consultants. The need to bring in a building
maintenance consultant to address window cleaning was not identified initially (though possibly it should have
been). Some recommended changes by the structural engineer lead to new tasks for the architect. Late in the project,
a change in the Shanghai building code led to necessary redesign of some parts of the structure. In all of these cases
and others, the task sequence was not fixed at the outset and followed, but adapted as the project progressed. It is
clear that a rigid schedule and workflow process would have only produced frustration and impeded the ability of

the project members to respond to these types of changes.

3.5 Process Knowledge and Expertise

A fundamental aspect of the expertise of the JPA organization was the ability to know "how to" deal with various
kinds of complex design issues. This ranged from how to move a project through the Shanghai building code and
inspection process to how to coordinate the various consultants and what specific responsibilities they had in the

project.

Such information is built up from experience, based on "having done it" before. It is most easily captured in the
structure of tasks and work on the project. In the meetings, we saw numerous occasions when project members
would refer to historical cases to illustrate a point or to defend a decision. During the kickoff meeting, a consultant
referred to the importance of scheduling the critical path and the problems associated with moving furnishings into a
skyscraper. The elevators were the limiting factor in this scenario. They had to run the elevators 24 hours a day to
get all the materials into the building on schedule. In another meeting, JPA pointed out the need for scheduling the

acquisition of consultants into the schedule based on the stage of the design.

"JPA: We need to work out how consultants contracts work through project. After
Portman leaves, what happens? Also, they are under contracts for different stages.
What happens after? We need to make a list of all the consultants. Like interior
designers. If you bring them in too early, they create chaos. If you bring them in later,
you get more chaos but they tend to be more accepting. So we must work out when

they start and how they're handled until completion."

Also, JPA had worked on other projects in Shanghai and other parts of China and were familiar with the
government regulations for projects of this size and scope. They were able to notify the architects responsible for the
department store that they had overlooked a regulation stating that buildings over 150 meters in length had to have
entrances that would permit a fire engine to drive through the building. Since these entrances had to be 50 meters

wide, discovering this regulation later in the project might have created some difficult problems..
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Currently, such procedural knowledge is carried in the heads of the senior people in the firm, making some of them
indispensable to the project. Unfortunately, this system of preserving process knowledge in individuals creates
problems in large scale coordination. Not all the participants will have the same intuitions as the experts and the
experts may overlook that fact, taking for granted certain steps and tasks that need to be completed. When a
mismatch in processes or a poor decision comes up, the experts have to spend some time educating the less
experienced project members. In a worse case situation, effort may be expended towards repairing a problem that
could have been solved with sufficient notification from an expert. It is clear that some form of external process

representation that preserves this workflow expertise would greatly aid project coordination.

3.6 Technological and Procedural Heterogeneity

To the extent that an organization is a party to a project activity, that organization should have full access to the
information disseminated to other parties and be able to make as full use of that information. Different organizations
use technology differently, have differing levels of technological commitment and sophistication, and have different
work procedures. In this project, there were some significant variations in the quality of that technology and the
capabilities of each team member to adapt to the needs of the group. These different practices often forced everyone

to revert to the lowest common denominator within the project team.

For example, serious problems were encountered sending drawings via email, because of file size limitations
imposed by servers in China. Apparently, the city of Shanghai only had a limited buffer (~5 Mbs) for storing email.
The memory required by the set of drawings exceeded that amount (a set of drawings could easily exceed 10 Mbs or
more). The construction management company had to get a line installed through another office they owned in the
region to enable this transfer. Also, while all the main participants that were producing drawings we CAD drafting
proficient, they used different CAD systems. Modern CAD systems have good automatic features for dimensioning,
laying out various annotations, and producing various drawings from a single complex structure of overlays. While
a basic drawing can usually be exchanged, many of the advanced features of CAD systems don't transfer. Thus it
took several weeks to work out a procedure of special steps to be taken at both ends of an exchange to deal with

these issues.

The next problem they encountered involved the time it took to generate and render the drawings into compatible
formats. This had to be weighed against the time it took to print a drawing on vellum and mail it to the other

participants.

Participant A: As the project goes ahead, printing takes too long. It's slower using
computers than it used to be. Printing takes time. It takes 15 minutes per drawing to
convert it to AutoCAD for the Korean Architects before printing on a disk. There's not
a lot of sense sending it to them so they can send it back. JPA doesn't own many
computers for itself. We don't have space for stacks and stacks of drawings like we

used to.
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Participant B: It takes about 7-8 minutes per drawing depending on the size. Most of

the time is spent generating the drawing, not actually printing.

Participant A: One alternative would be to buy them a Microstation license."

In spite of the format conversions, they still encountered situations where the recipient could not open the files that
had been delivered. Even with next-day, international, air service, the time and financial cost of such a failure adds

up over the course of the project.

MEP: Aren't you almost going to lose a week with the reproduction process. O.k.
[suppose you] produce drawings for it and ship it out Friday. Now you're waiting for

other stuff to incorporate

Architect A: The two week review period never meant that the architects had 2 weeks

to look at drawings. They'd be lucky to have 5 days.
MEP: Best they would do is get them Wednesday.

Architect A: We can get it to them by Monday. Fed Ex can get them through customs

on Tuesday or Wednesday.

Architect B: It's a pretty lengthy process. By the time the architects in Shanghai can

get them processed...

Const. Man. Liaison: This was the conversation | started a month ago. You all

thought | was crazy.

Later, JPA was able to set up a remote server with an FTP site that allowed participants to download the latest sets
of documents and schematics. This reduced the amount of time for delivery from days to hours (from the US to
Korea) and greatly aided process coordination. In essence, they standardized the technology medium for transferring
drawings and documents across project members. Also, for other communications, the use of email was encouraged

but faxes were still used to transmit diagrams and pictures rapidly.

Most design projects are not as large as the one we have studied, do not involve as many separate organizations, and
do not span several continents. However, the project is a harbinger of a trend that is leading, on a more modest
scale, to projects involving several organizations in different places and with different organizational cultures or
professional traditions working together as a virtual organization for the duration of the project [REFS]. The
inexorability of this trend toward heterogeneity, distribution, virtuality, ephemerality, and diversity of project
organizations imposes an essential requirement on any coordination technology to support heterogeneous

technologies and ways of working.
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3.7 Adaptive Process and Meta-Level Discussions

Although architecture has evolved standard practices during the past several hundred years and might therefore be
expected to have rigid processes, significant aspects of the coordination process involving the partners in the

Shanghai project were the subject of protracted and continuous background negotiation.

The project had roughly four primary participants and numerous secondary and tertiary consultants. Each participant
seemed to have a set of routine procedures and communication protocols for coordinating work and preserving
information within their own offices and respective domains of expertise. Unfortunately, this internal efficiency did
not entirely extend to coordination across the various participants, resulting in coordination meetings that discussed

how to coordinate meetings and the flow of information.

For example, the construction management consultants took several weeks to design a form for the agenda and
minutes, going through several iterations before settling on a standard. It took two months after the project start-up
meeting for someone to produce a form and some procedures for managing information and document flow. The
chart that described the document and drawing flow helped to illustrate concretely, the contractual responsibilities of
each individual but did little more than show that the primaries have to copy each other on any outgoing

information and the construction management company would distribute the rest as needed.

"Further to our contract regarding Information / Document Flow, we have produced a
flow chart specific to the requirements for drawing distribution and design
documentation. We would appreciate your earliest comments so that this generic flow
chart may form the basis of all documentation flow and as such be incorporated into

the Project Procedures Manual."

But even after the process had been distributed to all the participants, some information failed to reach the correct
people or multiple variations on one piece of information would be distributed. In one meeting, one participant
complained that the different lists of action items were confusing and that they needed to be consolidated into one
list to avoid further delay of the project. In another meeting, the minutes had left out certain items that needed to be

addressed.

We did observe that, in spite of the poor process, participants were able to get the necessary pieces to one another.
The best connections appeared to be contractually related. Consultants with one degree of contractual responsibility
to a primary team member showed the best process connectivity. The architectural team and their mechanical
engineering consultants frequently copied each other on the fax transmissions and letters. It also helped that they
appeared to have a long working relationship. We also noticed similar behaviors from the other pairs of primary-
secondary participants, especially between the customer and their secondary consultants. In one meeting, after it was
discovered that the customer had neglected to send one participant some information required for their design, two

participants agreed to copy each other on all transmissions for the sake of clarity and completeness.
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Many of these confusions could have been avoided with a discussion and approval of coordination procedures and
processes at the beginning of the project. However, this required someone to have both the knowledge of the
contractual and information dependencies of this particular project, the knowledge for designing the process and the
medium for coordinating all the project participants, and the authority to enforce and regulate these activities. While
many of the participants had one or two of these characteristics, none of them had all of them, including the
construction management consultants, who were supposedly hired to manage project coordination. As a result, the
project members had to evolve a standard for coordinating and communicating with one another, requiring some

unnecessary expenditure of time and effort.

3.8 Professional Trust

Different organizations with different disciplines and cultures will develop different expectations of work and
delivery. While external regulations from international organizations or from local governments help to standardize
some of these expectations, the methods by which the group reaches each goal state can cause some contention. As
mentioned before, we observed some stylistic differences in scheduling and effort appraisal between the construction

management company and the architectural firm, such as the conflict over recording hours..

CM: We want a schedule and a design follow-up that lists responsibilities and dates.

This gives a two week look-ahead.

Architect: A 2 week look-ahead is pointless. It's clear what we have to do. We need a

final list of what has to be done.

The architects had a relatively explicit, internal process for designing these buildings and a lot of experience in
working on projects of this scope. As we mentioned earlier, architectural projects focus around drawings and reports,
assessing those in deliverable percentages of each stage. The request could have been interpreted as insulting by the
architects for two reasons. Architects tend to view their work as craft and art as opposed to production work. Asking
for man-hours for a design may be similar to asking a composer to give an hourly progress report on a symphony.
Secondly, the request for man-hours can carry the implicit assumption that the architects have not been applying
sufficient effort to the project. On the other hand, construction management companies, with varying degrees of
accuracy, use man-hours as a primary form of estimation. During several meetings, they described the amount of
time it would take to transport materials up to a hotel or how long it would take to cure the concrete and begin
construction on subsequent floors. Their request for man-hours as a form of effort estimation made perfect sense

given their experience and planning scheme. But these professional differences produced a conflict in the discussion.

We also observed professional differences in measuring the quality of the deliverables. In one instance, the architects
were very critical of a set of drawings delivered to them by another consultant. In another, a consultant expressed a

dissatisfaction with the percent completeness of a set of deliverables.
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"I really don't know how best to approach the subject of "completeness" and
"progress" of your MEP design effort except to try and tell you what | would expect
you to have done by now versus the evidence of what you have done (at least what
we have seen). | sent to [..] (the middle of last month) copies of
reports/schematics/data and engineering analysis done by ... what | consider to be
an equivalent project. | sent this documentation to him to provide our staff and the
customer's staff an example of the level of "examination" that such an important

project, in my opinion, requires. So, in no particular order, here's what's missing:"

It seemed that each participant had an implicit idea of what comprised a certain percentage and delivered it. But
without an explicit, external expectation for the content of the deliverables, it was only natural that conflicts would
result, as shown by the paragraph above. These conflicts spawned many discussions concerning the exact materials
and reports that would be submitted for each milestone. Also, the discontinuity between two views of completeness

provoked some discussion and questions of professional competency.

Inevitably, when multiple organizations begin working together in a project of this size, their ability and
willingness to work together depends strongly on the level of professional trust accorded to one another. At this
level, the simple implicit assumption that every member will behave “professionally” may not be sufficient to
prevent conflicts over work styles or the quality of the deliverables. Some explicit negotiation and delineation of

professional expectations at project initiation may help to aid coordination and the working relationships.

3.9 Face-to-Face Interaction

Architectural design and coordination appear to require a number of face-to-face meetings. Besides the ease of
communication which simplifies the process of resolving obstacles among multiple participants, the face-to-face
meetings allows all the participants to understand the design concept at a level that might not be reached if the
drawings were the only means of communication. This was especially important for those project members who
lacked the experience or domain knowledge to extrapolate the scope and appearance of the building from the
technical specifications. For example, the architects used a number of physical models, constructed in their
workshop, both for demonstration purposes and to obtain a visual perspective that could not be obtained by either
diagram or on-screen representation. During the kick-off design meeting, we observed the architects guiding the
customer around the site model pointing at the various buildings. The model was invaluable for "selling" the
concept of the building. It gave everyone a sense of the building's size and impact on the surrounding area. It
showed how the entire site would look from a 3-D perspective, as opposed to having to mentally construct it from
the 2-D drawings. By having something "real" for the customer and the other representatives to look at, the aesthetic
value of the design could be seen and both the customer and the architect could critique or defend the various

features. The physical model also allowed a lot of gesturing, which served two purposes.
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"Customer: The service corridor is a long way from the apartment buildings. "This is

just an idea: First of all, there's the waste of space..." <Proposes service entrance
between ramp and entrance. Hasn't decided use of special function building. <points

at the area being discussed.>>"

Pointing to the area in question, the gesturer helps all the meeting participants to develop a frame of reference for
understanding the concerns of the gesturer. Secondly, the architects would use certain kinds of "circling" or "flow"

gestures to assist with descriptions of dynamic activities that take place within the building structure or site.

Customer: | agree, but if you use this for service and guests -- the second loading
dock will be sacrificing something. <Gestures to indicate flow into building > This is not

for this<points>...it's for this <points>. Do you know what I'm saying?"
Architect: No. | don't see how it aids circulation.

Customer: This will create more circulation. This is going to be back of the house, so
[the] loading dock [should go here] < points at each location and gestures to show

the communicated flow >.

Drawings can only represent static information. By moving an arm or hand in a certain motion and speed, viewers
can imagine traffic moving in a certain direction or pedestrians deciding to enter a certain location. These gestures
appeared to be extremely helpful for clarifying the program of the site. This form of nonverbal communication

would be difficult, if not impossible to reproduce in any other medium

18



4 Technology Implications

Based on the preceding analysis of the architecture project and its similarities with the observations from other
empirical studies of design work, what can we conclude about the requirements for coordination technology in such
project organizations? Below, we summarize the high-level requirements for any coordination and several cultural
constraints that the deployment of any such technology faces. We then describe a technology scenario to illustrate

the integration of these requirements and constraints.
4.1 Technology Goals and Constraints

4.1.1 Shared visibility of work and responsibilities

As reported earlier, a visible and explicit mechanism for recording, disseminating and tracking information flow
responsibilities was lacking among the participants in the Shanghai project. Project plans were prepared in detail
using standard project planning technology. These plans were available to most participants, however, only as paper
reports generated by the construction management company. Versions of Gantt charts were circulated at meetings
that we attended, and team members, their responsibilities and their deadlines were tabulated in progress meeting
agendas. The dependencies from which these plans were derived were not, however, available in either printed or
electronic form. Several of the comments reported earlier convey the impression among designers that planning was
in part something being done to them rather than a coordination activity in which they participated and which
served their work responsibilities as directly as it might. This leads to the requirement that work plans and

responsibilities should be shared and visible (up to a point) to all.

O  Shared visibility of work plans and responsibilities. The plan for the project should shared. A work plan
should be prepared by the team member closest to the performance of the work in question, not treated as an
extraneous function of the project. Standard dependency representation techniques should be used (e.g. derived
from PERT networks), and the derived information (milestones or deadlines, responsibility reports) should be

derivable from this representation.

Traditional representations of work and dependency structures do not show the detailed dependencies that seem to be
typical of project work, at least in architecture. There are many occasions when it is not necessary to know that a
task one is doing is dependent on another task, only that it is dependent on the provision of some information such
as the dimensioning of a design component. This need to know a value is often not reflected in the task-based
project plan, either because it is too tedious to enter all the dependencies in advance or because the dependency is
not recognized until the designer starts the dependent task. Such on-the-fly recognition of dependencies has two

facets: the dependencies are on information, not the completion of tasks, and they are not predictable in advance.

U Incorporation of information dependencies. It should be possible to record that a task is dependent on some

item of information to be provided by another person or organization without there having to be an explicit
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dependency from the information-consuming task on the information-producing task. The information-

producing task may not even be known.

O  On-the-fly recording of dependencies. Designers should be able to record information dependencies as they

work on the design. This should be a lightweight operation, not major replanning of the work.

4.1.2 Privacy Gradient

For a number of reasons related to contractual responsibility, professional pride and expertise, not all parties in a
multi-organization project want their work to be visible to the others. There are well-defined release or baselining
events that make information externally visible. One of the consequences of this holding onto information until it is
deemed fit to share is that project planning tends to be done only at a broad level, with the micro-structure of a
company's work not being planned in the same way. This, in turn, makes a project plan seem to many designers to
be a high-level management tool that coordinates the major phases, contractual responsibilities and milestones of

the project, but not the detailed work that they need coordinated.

Although we conclude that work should be visible to all, this does not mean that some work details (perhaps most)
cannot be held as private to a participant until it reaches a releasable or sharable state. A coordination support
technology should therefore provide support for a privacy gradient, minimally of two steps: public and private to a
specific participant. More sophisticated schemes are conceivable that reflect the contractual structure of the project
(so that information can be released to a participants' subcontractors but not its customer or to a specific participant
but not all), but our discussions with architects suggest that two levels (public and private) are sufficient and that

more elaborate schemes would add unnecessary complexity.

U  Privacy gradient. Participants should be able to designate as private to themselves any task description or
information that has not already been released as public. Only the participant owning private information may

view it. Any participant may view public information.

4.1.3 Coordination through Shared Artifacts

Architecture is coordinated in large part through the sharing of drawings and (to a much more limited extent)
physical and computational models. Much of the frustration that we observed in the Shanghai project concerning the
distance of the planning and coordination activity from the actual design work itself arose because a separate set of
documents had to be produced that were not connected to the design artifacts that the architects were responsible for.
Coordination and design models are necessarily different; one cannot incorporate the information on a Gantt chart
into a set of design drawings or vice versa. But it should be possible to integrate the designing and coordination
work more meaningfully. For example, designers do not recognize that they need some information in a vacuum;
they do so while designing, often while using a CAD tool. It should be possible therefore to loosely couple design
and coordination tools, for example by attaching annotations to design objects that are processed by the
coordination technology as triggers to record new dependencies and send request messages to the provider of the

needed information.
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U Coordination from CAD models. It should be possible to trigger coordination actions, such as the recording of
an information dependency, the notification of a change to a previously tentative value or the sending of a

request for information, from the CAD model in use.

Conversely, the coordination model itself should be available while designing and not be treated as a special-
purpose management tool. Views of the project that are not directly tied to design artifacts (i.e. architectural

drawings) should be viewable from such artifacts at the points where they are logically connected.

U Coordination models as shared artifacts. Coordination-specific representations (e.g. dependency networks)
should be accessible from points in the design artifacts that are represented in the coordination representation.
For example, the dependency network or milestone chart should be accessible from a design drawing when any

information in the drawing is selected that is dependent on another task.

In all these cases, the level of detail accessible in the coordination model will depend on the privacy gradient as

previously specified.

4.1.4 Tentativeness of Commitment

Design coordination is the coordination of commitments: decisions to place components in specific places and at
specific orientations, selection or invention of strategies for accomplishing goals, selection of materials or
components, sizing of objects. Many of these commitments are manifested in quantitative properties of a design
model. Although a designer or the firm may not be satisfied with a design sufficiently to make it public and may
change any part of it freely until it is released, it does contain much information of value to other designers and
firms in the project. Sometimes having incorrect information is as bad as having none at all, but there are many
cases where a best guess of a dimension or a position are good enough for another designer. This suggests several

requirements relating to tentative commitments.

O Requesting of tentative information and limited visibility of private information. A project participant should
be able to request information from another participant concerning a part of the design that is still private to the
providing organization. This may obviously done in any project by an off-channel phone call. What we are
suggesting here is that information dependencies could be created by the user of the information that lead to the
sending of a request to the appropriate information provider. If the information is private, the information
cannot be viewed directly without the provider's permission, but the exchanging of specific information should
be supported. This function includes the identification of the information provider and the correct routing of

messages in the exchange.

U Notification of changes and commitments. When information is requested by another party and provided to
them, the information should be flagged as having been provided. If it is tentative at the time of request, the
requestor should be notified of the fact. Whenever the information is changed subsequently, or when a

previously tentative item of information is made firm, previous requestors should be notified.
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4.1.5 Process Knowledge as a Basic Aspect of Professional Expertise
[Some of this is Chuck's, so may repeat Section 3]

There are a number of cultural and professional constraints on the use of coordination technology that it is
instructive to consider when proposing new tools. First, most professionals have evolved patterns of professional
activity and its coordination that are well known and not necessary to specify formally. Some of this knowledge
may be common to the entire community of practice; other knowledge is specific to a firm's experience (it's
"corporate memory"). For example, a fundamental aspect of the expertise of the JPA organization was the ability to
know how to deal with various kinds of complex design issues. These ranged from how to move a project through
the Shanghai building code and inspection process to how to coordinate the various consultants and what specific
responsibilities they had in the project. Such information is built up from experience, based on having done it

before.

When the possibility was later discussed with JPA of possibly capturing the process information used in earlier
projects for re-use in later ones, they saw this as a major potential benefit for their business. Currently, such
procedural knowledge is carried in the heads of the senior people in the firm. Although we were impressed by how
few issues seemed to be forgotten, the architects complained that sometimes this does happen. However, the
architect most familiar with technology installation and maintenance issues immediately noticed the problem with
any computer-aided solution that entering such process knowledge would be a tiresome and error-prone task with
benefits that would not obviously outweigh the costs of distracting from the design task. As he pointed out, things
move very quickly in the early stages of a project and cannot always wait for an elaborate plan. This suggests that
the plan for at least company-internal tasks could be seeded with templates of tasks extracted from the coordination

model of previous projects.

O Process by example. Rather than expecting a process to be entered into a coordination system from scratch, it
should be possible to select fragments of the dependency network or plan from a previous project and store the
generalized coordination information so obtained as a coordination template. Such templates could then be used
for fragments of future projects. Template generation includes more than mere cutting and pasting, but involves
generalizing away from specific information (names, dates and durations) in some cases but not in others. (For
example, it might not be important who was responsible for a specific task in a previous project, but it might

be important that the task involve seeking a specific form of approval from a local government authority.)

Some organizations have taken to recording debriefing information about information-system projects on their
completion in company-wide corporate memory systems. It seems to be impossible to introduce any process
knowledge support into a coordination system without some such organizational intervention to make it work.
Other types of intervention are equally possible, however, and the most suitable would depend on the firm in
question. JPA, for example, is small enough to upgrade from one version of a CAD system to the next in a single,
week-long, company-wide operation that involves evening training sessions. Everyone recognizes that this interferes

with immediate progress on the projects underway at the time (and which, we suspect, therefore determine its
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scheduling), but it is best handled in a single learning event. Such a company-wide event, held every year or so

would provide a good organizational context for the recording and generalization of process knowledge.

4.1.6 Technological and Procedural Heterogeneity

Most design projects are not as large as the one we have studied, do not involve as many separate organizations and
do not span several continents. However, the project is a harbinger of a trend that is leading, on a more modest
scale, to projects involving several organizations in different places and with different organizational cultures or
professional traditions working together as a virtual organization for the duration of the project [REFS]. The
inexorability of this trend toward heterogeneity, distribution, virtuality, ephemerality and diversity of project
organizations imposes an essential requirement on any coordination technology to support heterogeneous

technologies and ways of working.

Writers on technology diffusion [REFs] have cautioned innovators about the technology and organizational factors
that encourage or inhibit adoption of new tools. For example, the technology should be simple (and easy to
promote as a good, new idea by early adopters), it should be compatible with current ways of working, it should be
possible to adopt it incrementally and with managed risk, and it should have some clearly perceived benefit to the
adoptees themselves (and not merely the reduction in likelihood of some bad consequence). These points, and
especially the last, are particularly important in heterogeneous organizations or inter-organization projects because
what is simple or compatible for one participant may not be for the rest. And yet if only one participant adopts a
coordination technology, the project as a whole cannot benefit and the adopting participant is unlikely to benefit
much either, because cross-organizational dependencies will still have to be managed using existing, ad hoc

methods. Taking each point in turn:

U Simplicity of use. Elaborate dependency-management plans and prespecification of processes and plans are
unlikely to be adopted by any virtual organization in which the participants have little experience working with
each other and therefore little process legacy. Much of the recording of dependencies and their tracking should

therefore be done on the fly as part of supporting mainstream design tasks.

U Compatibility with current ways of working. Compatibility and simplicity usually go together, because
compatibility implies a low learning threshold for adoption. For this reason, any coordination technology
likely to be used by a heterogencous organization will be based on existing and widely familiar project
planning representations. Although these representations do not show information dependencies of the kind we
have shown to be important for design coordination, they afford the most familiar starting point for extensions.

New process mapping or dependency specification languages, are unlikely to be adopted.

Although architecture has evolved standard practices during the past several hundred years and might therefore be
expected to have rigid processes, significant aspects of the coordination process involving the partners in the
Shanghai project were the subject of protracted and continuous background negotiation. A central goal of any
coordination system therefore must be support for process definition and redefinition. Natural metaphors for process

definition include programming and script-writing. According to the first, when a process is enacted, the parties
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involved act as if they were a distributed virtual machine and collectively interpret the program. In the second, the
parties play roles and follow their scripts. To accommodate continuous process redefinition, we can refine the
programming metaphor with run-time reconfiguration and program maintenance and the dramatic metaphor with
constrained improvisation. But the players in the Shanghai project did not think of themselves as programmers,
playwrights, run-time systems or actors, and we seriously question whether these metaphors are viable for
coordinating any creative project work. Rather, the processes being followed in the project were continually
emerging from the fabric of the design work. It is to that work that we must look for coordination models and

tools, rather than programming metaphors.

O Incremental adoptability. 1t should be possible to adopt a coordination technology as an extension to existing
project planning and design practices which therefore offer a fallback if the technology implementation is
unsuitable for the project or the project decides to discontinue the experiment. Conversely, more elaborate
features of a technology (for example, more elaborate privacy gradient schemes than a binary public/private

distinction) could be introduced gradually once users or organizations are more familiar with the basic ideas.

U Clearly perceived benefit. To the extent that designers regard coordination as a supportive function for design,
not the primary activity for which they are responsible, coordination technology should provide a clear benefit
to them in terms of designing. Most notably, we believe, the role of coordination in making available
information on which a design activity depends and the notification of changes to tentative information, the
sharing of coordination information regarding who is responsible for what parts of the design (without having
to make all the details public), and the support for reminding oneself about coordination implications of a
design element (for example, who has been informed of its previously tentative values, who needs to know it
and by when) , all serve the design function directly and do not rely for their perceived value on vague claims

about the reduced likelihood of project schedule slippage or design errors.

4.1.7 Adaptive Process and Meta-Level Discussions

Much of the discussion among the JPA designers regarding responsibilities referred to the disparity between form
and substance. A machine-based coordination system is easiest to implement if the discharging of a responsibility
can be detected by the production of a document, but creative design work depends on the appreciation of
dependencies between design commitments, not documents. This suggests that most planning and coordination

documents and messages should be tied to and wherever possible derived from design artifacts.

O Adaptive process. Support for adaptable processes is not a requirement so much as a high-level objective that
provides the rationale for many other requirements. It should be possible, for example, for a coordination
technology should support continuous refinement of the dependencies and the process rules on which they are

based (for example, to whom design information is to be disseminated if it changes).

U Meta-level discussions. Much of the function of meta-level discussions that were observed during the Shanghai
project meetings or included in fax messages are directly taken up by the above requirements. On the grounds

of simplicity and compatibility, we do not suggest that an elaborate scheme of process issues, positions or
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arguments should be built into a coordination system. However, there is probably a need for annotations to a
dependency network that represent process issues in need of discussing online or at a future meeting such as
who is "really" responsible for a task or what "50 percent complete" should be taken to mean. These discussion
items should be clearly discriminated from annotations concerning dependencies, milestones or other design

elements.

4.1.8 Professional Trust

Another set of cultural constraints on coordination technology relate to professional trust and the respect for
professional boundaries. Although there are many dependencies among the decisions to be made by different
participants, these decisions occur in areas of professional expertise that just require the other participants' trust. The
aesthetics of the tower, for example, were felt to have a major impact on the corporate image that the customer
would have in Shanghai. The design of the top of the tower and its lighting were therefore design issues that were
left in the hands of JPA. The customer felt it could trust JPA to produce a striking design that was not profligate.
Similarly, JPA could trust the A&E consultant to work out the details of the electrical and plumbing systems for
the tower without its needing to understand or approve of every minute detail. The Canadian wind-tunnel consultant
could be trusted to construct models of sufficient fidelity that the structural engineers could use the wind-tunnel data

in certifying the soundness of the structure in typhoon weather conditions.

Such considerations are already dealt with above under the privacy gradient principle (assuming, that is, that a
company has one set of professional practices and not many; a larger construction company that was responsible for
architectural design, structural engineering, energy systems and construction management might have to have several

internal public/private boundaries that reflect these areas of expertise).

Professional boundaries do not stop at technical expertise, however. They also affect ways of working. Architects
and engineers, for example, typically have different outlooks toward planning and the need for precise reporting of
progress. Since architecture is a highly organized profession with a long tradition of evolving working practices, and
since it is certainly no less serious a profession than engineering in terms of responsibility, liability and social
consequence, this shows that a coordination system based on explicit specification of work items, their duration and
resource needs, is unlikely to be useful in most architecture projects. And yet since coordination is so closely tied to
planning and monitoring of progress, it became the responsibility in the Shanghai project of the construction
management company. Indeed, as we have seen , JPA frequently chided the construction management company
representatives that the progress reporting measures they expected were unnecessary and that they obstructed their

design work.

These observations suggest that a coordination system should as far as possible not embed values about what
constitutes a successful project, and certainly not the assumption that the only measure of success is conformance

with a predefined schedule.
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4.1.9 Face-to-Face Interaction

Finally, there seems to be no need for the number and extent of face-to-face progress meetings that we observed in
the Shanghai project. This does not mean, however, that design decisions should be discussed and disseminated
only through asynchronous means. JPA and the A&E consultant provide a good example of two companies
working closely together on several projects. They met regularly and obtained much of value from the meetings. We
do not propose to discuss here the communications shortcomings of electronically mediated face-to-face meetings in
comparison with collocation or the shortcomings of asynchronous messages compared with real-time interaction.
However, it seems clear that design coordination occurs partly in and by means of meetings and that these cannot

and should not be replaced.

During meetings, however, a lot can be discussed in a short time. We found in the progress meetings as in other
studies that commitments were often made that were forgotten or not followed up subsequently or that were
followed up unnecessarily. A simple requirement that would support both face-to-face and long-term coordination

is the recording and dissemination of decisions made in meetings, so that they do not persist as if still unresolved.

U Meeting commitment recording and dissemination. It should be possible to record issues and their resolution in
one or more master lists in lieu of specific meeting minutes. When an issue is resolved, it is removed from the
active list. Open issues that represent the need for information should be routed to the appropriate participant in
exactly the same way as a request made from a design. The resolution of an issue should be disseminated to all

consumers of the previously tentative or unresolved information.

U Issue tracking. Simple tracking of issue status should also be possible, such as reporting on how long an issue

has remained open, who are waiting for its resolution, and which of those participants' tasks are stalled.

The simplicity and compatibility constraints militate against requiring an elaborate tracking system in which issues

are categorized and ranked in importance.
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4.2 Technology Scenario for Design Coordination

To illustrate the requirements and constraints discussed in the previous section, we now discuss a technology
scenario that is based on familiar PERT and Gantt charts. Our goal is not to propose a system in any detail, but
rather to illustrate how the requirements of the previous section could be achieved in a system that would be
perceived by designers to be simple, compatible with existing practice, easy to experiment with and likely to yield a
direct benefit to them. At the same time, the scenario is intended to show how the cultural constraints that we have

discussed can be observed (and how difficult it is not to violate them inadvertantly).

Figure 1

shows mockups of three screens or windows. Access to information about the project is through a top-level
schedule, where a user selects a timeframe, as shown at the top of the figure. This view shows all milestones of the
project within that time frame. All design releases -- a conventional design product consisting of the completed
drawing (files) to this point -- are identified on the schedule. This facilitates retrieval of the current and any prior
release documentation and thus ties the schedule directly to the design artifacts with which the designer may be

familiar.
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