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ABSTRACT 2. Designing boundary objecthat help peoplexperiencehe
Effective communication is critical to the success of a software power and possibilities of new ideas.

development project. It factors into the productivity of individuals 3, Facilitating the communicationf ideas and innovations by
and organizations, and has particular impact when change occurs.  pyiiding the infrastructures.

Yet communication is generally left unsupported by the software

developme_nt process and by the communication infrastructure. WeVVe refer to them as the three dimensionBedign IntentWe will
add_ress this issue in the context of wo software deve_l()pmemdiscuss our experiences along these dimensions using two projects
projects alNYNEX through a conceptual framework call2dsign at NYNEX — SPARX and DADAS. SPARX (Spatial Analysis
Intent There are three innovations in our approach. Design Intent Resource forNYNEX) is a system meant to support network

encourages stakeholders to engage in active listening, enable esign engineers. We will use work on this project to discuss prob-

stakeholders to collaboratively construct a consistent understand- . -
ing of the development effort, and provides a communication lem understanding and transcendence. DADAS (Direct Access to

infrastructure for stakeholders to share ideas and participate in dis-DIreCtory ASS|sta'1nce_ Service) Is a system to enablg third party
: access tdNYNEX's Directory Assistance Listing Services Data-
cussions. . ST
base (LSDB). Here we will present the communication infrastruc-
INTRODUCTION ture tha_t we built for the project along wit_h is;ue_s and experiences
with building and deploying the communication infrastructure. In

Effective communication among the stakeholders of a software h bound biect duced. In th f K
development project is crucial to its success. The importance of €a¢h CaS€, boundary Objects wereé produced. In theé course ot work-

this communication has been well documented by Curtis, Krasner,Ng ON these projects, it became clear that if these three dimensions

and Iscoe [8], who noted frequent, recurring problems related to _of Design Intent were not in balance, then the overall success was

the lack of adequate communication among those involved in the/eoPardized.
development effort. In order to improve the communication among
members of a software development team, an effective process an
the infrastructure to support it must be provided.

WO PROJECTS EXPLORING DESIGN INTENT

esign Intent took root within two projects: SPARX and DADAS.
Our research approach is to embed the development of Design
As designers, we have a new role of “designing experiences” orntent system within real development projects. This approach
ways for people within our corporation to appreciate new ideas. 9r€W Out of the recognition that only by being part of a develop-
This role is ‘tlesigning the boundary objects that facilitate commu- ment process CQUId the Design Intent approach react, support and
nication and the interpretative moves [leaping] of overlapping evolve along with the very development process that it was to

communities of practice[18]. We need to build not only “proto-  IMProve.
types of need or use” and “prototype systems” [2] — but also the

infrastructures that support relationships, work practices, and SPARX Project . .
social intercourse in communities of learners and knowledge NYNEX has about 1200 wire centers, each with 300-600 paper

workers. records of outside plant schematics (known as plats). SPARX was
an effort to develop a digital database mappiantside planitems

We feel that three main activities are essential for producing good!© their geographical reference poin@utside plantis basically

software systems: the piece of the phone network between a Central Office (CO) and
the customer locations. When some change needs to occur in out-

1. Active listeningand interpretive leaping understanding the ~ Side plant network (either through maintenance, network planning

problem and how to solve it in a significant way — offering a for grow_th, or spe(_:ific custome_r_reques_ts), the design ef.‘g".‘eef is
model of transcendence responsible for taking these facility requirements and designing an

unambiguous plan that will work in the current state of the real
world (“the field”). This plan is then given to the construction per-
sonnel, who implement it. The SPARX tool would be used by the
outside plant design engineers who are designhing broadband net-
works. Similar domain-oriented systems could be built for plan-
ners, management, forecasters, and so forth.



DADAS Project Throughout this paper, we interchangeably refer to this infrastruc-
Directory Assistance Direct Access Service (DADAS) provides ture as the Design Intent system.

inter-exchange carriers, certified local exchange carriers, and other

telephone service providers with accessNVWWNEX’s Directory ACTIVE LISTENING AND INTERPRETATIVE LEAPING

Assistance Listing Services Database (LSDB). In addition to facil- There is a lot of aggravation, time, and expense involved with
itating access by outside carriers, the service must also safeguar@pplying technology. It has to be worth the trouble. We do not
and ensure that requests neither degrade system performance ngvant our customers to have to wonder if they are happy or not with
permit proprietary information to be accessed from the outside. what is delivered. So, our basic intention of design is to build
The DADAS Bridge is the software and hardware that provide out- somethingirresistibly useful. This means achieving significant
side carriers with managed access toNIY&JEX LSDB. The sys- transcendence of the current practices of the problem domain. In

tem used to develop the Design Intent system was the web browse@rder to do this, we have to not only understand the problem we
from Netscape Communications. are trying to solve but we also have to understand how current

technology can be applied to achieve this transcendence. In other
DESIGN INTENT words, design needs to be a dialogue between the problem domain

Design Intent (see Figure 1) provides an information repository and available technology (*a dialectic between tradition and tran-
whose contents are derived from project information and from scendence” [11]). This dialogue is thetive listeningandinterpre-
communications among individuals and groups [3, 5]. Its contents tive leapingaspect ofDesign Intentlt is the basis for a shared
are structured as a hypermedia document. It contains sharabld@roblem understanding across problem stakeholders which is the
knowledge of persistent value to the development process and théource of the system requirements. This dialogue is not just a
stakeholder community (e.g., folklore). It is an artifact embedded one-shot deal, but needs to be continuous.

within a development process which evolves in response to addi-

tions and updates during the process [20]. Its content seeds comThe problems we are trying to tackle are complicated, not well
munication and forms a medium of communication for integrating defined or understood, and frequently changing. The technology
stakeholders and information. This communication supports andWe apply to solve these problems is on a nonstop exponential
focuses stakeholders on problem understanding, mutual educationgrowth path. We have to deal simultaneously with continuously
and collaboration so that the history and rationale of the system asshifting problenmandsolution spaces. Achieving closure or coming

well as the system itself are ultimately constructed as end prod-Up With an ultimate, complete solution is not possible. Guessing
ucts. about requirements and making delivery commitments well in

advance of knowing what really needs to be done is a recipe for
design disaster. We are constantly faced wiformation over-
load, impossibility of coverage, and unavoidable obsolescence
[10].
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The systems we build have to be useful, usable, and evolvable.
While usableandevolvablemay be enabled by technologigeful-
nesshas to come from understanding the problem. We need to take
an active role in “coalescing points-of-view around the nexus of
the problem” [18]. In order for the mutual education necessary for
shared problem understanding to take place, we need an environ-
ment of genuine collaboration — where everyone involved bene-
fits [10]. This requires mutual trust. How do we build this mutual
trust? “Tell the truth” [1].

In SPARX, we found expert practitioners in design, planning, and
management of outside plant engineering. They worked in differ-
ent NYNEX regions — Brooklyn, Manhattan, Rhode Island and
Massachusetts — and in urban and suburban areas. By actively
engaging these practitioners we developed an understanding of

all team members

annotations @47% their current situation beyond what is articulated in the “Bell Sys-
B%'V‘?/ggrgoards users tem Practices” for outside plant engineering (see Figure 2). We
query annotations found that outside plant engineers are bombarded with bureau-

newsletters
email notifications

Figure 1: Design Intent.

expectation data

cracy while given very little support for design. About 50% of
their efforts are involved in managing the technical bureaucracy
already in place. Technology was actually taking them away from
their job of design.

We definitely do not want to emulate this way of doing things.

Design Intent provides the infrastructure to support a developmentGiven their current dilemma and available technology we offered a
process that must adapt to change. In order to do this, Designmodel of transcendence. Figure 3 illustrates how SPARX should

Intent must assist stakeholders in:

1. active listening and interpretive leaping,
2. designing boundary objects, and
3. facilitating communication

work toward supporting the design engineer along the critical path
of design, with design as the locus of interaction and technology
doing the grunt work.

Our SPARX involvement highlighted the fact that it is not enough
to understand the problem and then achieve theoretical transcen-
dence. We have to be able to implement our model of transcen-
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succeed, this knowledge must be captured so that they can be
made available to project members when they need it.

We began exploring this approach in the SPARX project and ex-
tended it further in DADAS. We will use a concrete scenario of in-
formation exchange from this project based on an information
repository that we helped to create. It was crucial that the SPARX
developers communicated with and understood the special require-

. [E] Aerial
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b. Verification
lﬁ‘ﬁJF;’-\CS
SOAC . . ™ .
% o \ _ ments of an outside plant engineer. In an effort to facilitate this
o W § Work Order Print communication and to build the necessary collaborative setting be-

& 'EEEQ'SS — i — (Gonstruction) tween the engineers and the SPARX software developers, we

o COSMOs/ % i%/% worked with several outside plant engineers from Brooklyn and

T LMos Outside plant Rhode Island on establishing a Design Intent repository that would
9 allow them to communicate their requirements to the software de-

LEIS
\ velopers.

Clerical Staff With the engineers we created workflow documents that they felt
% rioes iﬁi/’t% were descriptive of what their job actually entails when the design
Contractors is done with paper and pencil. Then, we identified areas in the
%5:/%% workflow that the engineers envisioned SPARX would support.
After each of these meetings, the information was composed into a
Framemaker hypermedia document. The document made use of
Eggul.llil})e/ments > Eleeclﬁjirements > \E\Ir;grll?%errég?

T TIRKS

W

the actual information collected in the meetings. For example, it
contains a video clip of an outside plant tour given by one of the
plant engineers and hand-drawn sketches developed in these meet-
ings. Figure 4 illustrates the workflow information included for
SPARX.
dence in a way that is usable and evolvable. In order to do this, we
have to be able to deal with the complexity of problem knowledge The purpose of this document was to present this information
as well as the complexity inherent in the computational technolo- about the outside plant engineer's world in a form that would be
ay. easily understood by the software developers in SPARX. Develop-
ers were able to view comments made by the engineers as well as
DESIGNING BOUNDARY OBJECTS to respond to them. Thus, our efforts were an attempt to facilitate
Many types of knowledge are needed to build complex systemscommunication between the parties by communicating what the
successfully. They are distributed among many different experts current work system was like. This information was intended to
and organizational processes, across different parts of the organiprovoke discussions between users and developers about how the
zation, and among such artifacts as documents, old systems, onew system will fit into and interact within the work system in
regulations governing business operations. In order for projects to

Figure 2: Outside Plant Engineer’s job.
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Figure 3: Overview of the SPARX system.
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Figure 4: Outside plant design engineer workflows for Brooklyn and Rhode Island. Note that the workflows are not identical.



which it is placed. As shown by the workflows, even the current the formulation of a shared vision [4, 8]. These dynamics affect the
premechanized workflow is very different in each office. ability of a project team to translate individual talent into group
talent that is critical to the success of the project. This group talent
There are two innovative elements in our approach. First, we en-includes not only the team’s ability to design and implement pro-
couraged team members to determine the nature of the content offrams or to integrate crucial project information so that all parties
what they needed to communicate (i.e., actual communicative arti-share a consistent understanding of the development; it includes
facts). This information is broad in scope. Second, there was nei-their ability to bring critical coordination, collaboration and nego-
ther a prescribed representation for the information nor a tiation skills to bear during the communication process. Such skills
prescribed structure to the information being communicated. A require cognitive and social abilities as well as the ability to use
purpose of capturing and presenting the information was to facili- the interpersonal relationships that is developed in the course of
tate communication as part of the primary goal of developing an the project (i.e., socialization). Consequently, beyond bringing
understanding of the problem among all project members. As suchteam members together or providing them with the ability to com-
it was important that the communicators determine the form and municate, the infrastructure must support the socialization of the
content of the communications. Consequently, our approach dif- group.
fers from previous design rationale approaches [6, 7, 17] by not
prescribing the representation and structure to be used nor the naAs part of this support, the infrastructure needs to assist individu-
ture of the information to be communicated. In both SPARX and als and groups to overcome physical, cultural, and social barriers
DADAS, document authors are able to use the presentation mediahat affect communication. The infrastructure lowers physical bar-

that is most effective for communicating their information. riers by offering alternative means of communication and by mak-
ing all artifacts produced in communication accessible to everyone
FACILITATING COMMUNICATION (discussed in next three subsections). It attempts to lower cultural

Our SPARX experience led us to realize that although an effectiveand social barriers by offering mechanisms that help team mem-
process and the design of boundary objects are necessary to systebers become aware of others in their community and for the com-
development efforts, they alone are not sufficient without an infra- munity to build a sense of cohesion [9, 13, 19].
structure to support collaboration and negotiation. This communi-
cation infrastructure represents the third dimensiorDesign In DADAS, we created documents that enabled individuals,
Intent It integrates the community of project members, the tools, groups, and organizations in the development project to identify
and the information in an effort to foster an environment in which themselves and to share information about themselves. Some
problem understanding, mutual education and collaboration andexamples contained in documents on each team member include
negotiation take place. contact information, photo, project role, and message of the day.
This was coupled with mechanisms (e.g., electronic mail, bulletin
Our design process is common with approaches like design ratio-boards, availability) that enabled individuals and groups to create
nale and participatory design — developers talk to those in thetheir own informal opportunities to communicate. Furthermore,
know, listen to what they have to say, work on understanding theindividuals or groups who create documents for the Design Intent
problems and offer real solutions. The innovation in our approach system (authors) are identified in the document by name and by a
is to provide an infrastructure to support this process by creatingphoto. This enables others to associate name and face to a docu-
mechanisms that facilitate and record this communication. The fol- ment. We are currently implementing more sophisticated aware-
lowing four sets of collaboration and negotiation mechanisms ness mechanisms indicating availability of individuals and groups
were developed for the communication infrastructure in the DA- (like UNIX finger, or Xerox PARC-like Portholes images [9]).
DAS project:
Construction and Evolution of Understanding
1. Awareness and cohesion mechanisms to foster socializationAs part of our SPARX efforts, we worked on having discussions
of stakeholder community. going between users and developers so that they could collabora-
2. Mechanisms that focus team members on artifacts of commu-tively construct and evolve a mutual understanding of the project's
nication that is the basis for the construction and evolution of Problem. In an effort to enable DADAS project members to active-
a mutualunderstanding Y it and paricipate n these dscussions hemsees, e de-
3. Mechanl_sms_ that (_anable other team members to examine th?o visit particular documents seeded with topics (e.g., functional
commun_lcatlon art_lfacts._ . requirements) and to add their updates, critiques, clarifications, or
4. Mechanisms to disseminate new additions and changes agomments. Such annotations are embedded in the vicinity of the
they become available. applicable document from the most recent to the least recent (see
Figure 5). The resulting discussion thread, created through the se-
Each of these mechanisms are presented in turn in the followingries of annotations, resembles, in many ways, the discussions that
subsections. Then, we present our experiences in deploying theseccur on aulletin board mailing listor newsgrougservice around

mechanism in the DADAS project. a topic. The information and discussions like the ones on function-
S _ al requirements are intended to evolve to become the basis of, for
Socialization of Stakeholder Community example, a specifications document, design document, or test

More often than not, project members and groups differ culturally, plans.

are separated geographically, have different concerns, and may not

have known each other previously. Facilitating communication There are two mechanisms, built into system prototypes or in-

involves not only lowering physical barriers related to temporal, stalled systems, that are intended to fold information and com-

spatial, and organizational distances, it involves lowering cultural ments obtained from such systems into the Design Intent system:

and social barriers to communication. expectation agentandprototype annotationsEExpectation agents
[15], having noticed that users deviate from their expectations of

The cultural and social dynamics of a project group influence how how a system is to be used, can communicate directly with the us-

knowledge is shared and integrated by individuals and groups iners to collect further clarificationBrototype annotationfl2], like
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Figure 6: Project timeline page. Note the customizability.

| — ]

Figure 5: An example of annotations.
trieved from the information repository from the application
development system.

the expectation agents, also retrieves feedback but differs in that_ o N

people, rather than the system, initiate the dialog. Having identi- Dissemination of New Additions and Changes

fied some changing need while using the prototype or releasingAuthors and readers of communication artifacts need to keep
new software, users or developers communicate this information@Preast of new additions and changes. Each individual has a differ-
via prototype annotations. The feedback, in both mechanisms, carfnt preference for how they are notified of comments that they
be sent as reports to interested team members and/or related direc@dded or comments other team members added. Furthermore, they
ly back into the design discussions occurring in the Design Intent need to indicate whether they are interested in all or a select set of

system. discussions. In order to support these user needs, we developed a
“Preferences” document in the DADAS project. This document is
Examination of Information a form that allows the user to indicate their preferences and to

Team members can examine the communication artifacts in one ofchange these preferences at anytime. Figure 7 shows a portion of
two ways:browsingor querying The basic browsing mechanism  the “Preferences” document.

is provided by the hypermedia platform. Links in the document en- » . )
able users to move freely from document to document. A link may In DADAS, users may be notified about additions and changes in
bring up a media player (e.g., video, animation, movie) or a viewer Several ways. First, they can examine tpefisonalized news page
(e.g., document). In addition to this basic mechanism, we provided (éntitied “Latest Comment Selection for ...” — see Figure 8) if
additional browsing capabilities for some documents. For instance,they choose this notification option. It contains all comments made
the DADAS project timeline document includes a number of dis- by anyone (including themselves) on those documents that they
play widgets that allow the user to change a number of parametershaVe expressed an interest. Within this document page, individuals

that affect the display of the document’s content and its detail (Fig- May keep or remove each article item as they so choose. Links are
ure 6). provided from within each article to the document where the com-

ments are located.
The query capability is currently under construction and it allows o )
users to retrieve relevant documents matching certain textual in-Second, they may have indicated a preference tcelgetronic
formation. Furthermore, we are extending an application develop- Mail notificationswhen new comments are made. This serves,
ment environment (called Dynamic Forms [16]) to allow users to !argely, to remind them to check out the information in the Design
query the information repository within the application prototype. Intent system. When the users use the Design Intent system, they
These queries may include, as parameters, the current system corfan check out the “Latest Comment Selection for ..."” to see these
text. This query mechanism, embedded in the application proto-N€w comments.
type and development system, provide an external query function _ ) .
to the information repository in much the same way that expecta- Finally, there is aewsletteipage entitled “Latest Developments.”
tion agents and prototype annotations provide an external annotalt has the same representation as the personalized news page but its
tion mechanism to this repository. Consequently, the contentis a compilation of all additions and changes made by any
communication infrastructure is integrated with the application de- t€am member on any document within a recent period of time.
velopment system so that information can be added to and re-This page includes comments on all documents, including those
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Figure 8: Example of Alison’s personalized news page.

Figure 7: An example of the Preference Document for Alison.

: ; : ; to control the formatting unless they include the formatting
that they are not interested in. The purpose of this page is to allow_, . . .
team members to check out discussions that they may want to beatgkﬁﬁtejo%desv?{;]b;ii:-Jig]r%r;git?yperte)(t Markup Language —
gin actively participating in. ) 9 )

We examined a number of different deployment platforms for de-
veloping the Design Intent system and we have focussed on two.
Each of them has their strengths and weaknesses. FrameMaker has
a rich set of document formatting capabilities and graphics ele-
ments. Animations can be included easily. The user interface is
customizable and extensible with the developer’s kit. Web brows-
ers do not support very sophisticated document formatters and
raphics are restricted to bitmaps. We were not able to change the
asic behaviors of the web browser but we are able to customize
ﬁmd extend the Design Intent system behavior using the elements

EXPERIENCES WITH THE DADAS DESIGN INTENT SYSTEM

Our group is continuing to develop the Design Intent system.
Based on our experiences with using the system in a real develop
ment project, we have identified a number of issues that affect the
implementation, usability and usefulness of such a system.

Technical Issues
In our Design Intent system, the discussion seeds are early draft
of what will become project documents. It is important that differ-

ent team members are able to seed discussions in a timely fashio i
and to do so without too much effort. Most of the time, we helped of the World Wide Web (WWW) development platform. Further-

the authors to prepare these documents using the hypertext elglore, we found that the WWW platform allowed us to rapidly pro-

; totype new functionalities for the Design Intent system as well as
ments of the Design Intent deployment platform (e.g., Netscape, ; . : .
Symbolics Concordia, FrameMaker). Other times, the authors pre_fotqulcklytreactltz user feedback on the functionality of the Design
pared the documents with a word processor that they are familiar ntent system [14].
with and used automatic converters to convert them into a hyper-
media format. The converters do not make full and effective use of
a hypermedia representation and did not permit the authors th

flexibility to make unlimited changes. As yet, we have not found a browser software. there is no need to berform anv svstem adminis-

suitable approach that allowed the authors to perform unlimited tration activities té access new versior?s of the Dgsi yn Intent docu-

changes to the hypermedia structure of the document without hav- ; i gn ir :
ments and the Design Intent software. There is no proliferation of

ing to learn to use the capabilities provided by the hypermedia SyS_copies or different versions of the document or software since us-

Egg’;kit()l.'e” basic functionality, scripting language, - developer ers access the document from_ the wgb server and the functionality
of the Design Intent software is provided by the web server. Net-
work communication is provided by the WWW platform, so that
no additional mechanism or procedure is needed to distribute new
versions of the documents or software. In another paper [14], we
discuss how the components of the World Wide Web actually sup-
ort the effortless deployment and maintenance of the type of col-
aborative applications that the Design Intent system represent.

The Design Intent system is used by team members who are geo-
raphically separated and who used different computing platforms.
e found that once team members are set up to run the web

It is also important that many different team members can actively
contribute to discussions. Our approach in the DADAS project
was to provide a form-based interface (the CGI component of the
World Wide Web tool kit) for adding comments (i.e., annotation

mechanism) and the Design Intent system provides the appropriat;
formatting of the information. Discussants do not have the ability



Usability Issues that the documents can seed design discussions that lead to a better
There are basically three levels of “change interactions” that canunderstanding of the problem and the development of a workable
be supported. Users can be restricted to just reading documentsdesign. The benefits of the Design Intent system have to be appar-
This does not enable the users to engage in a dialog. At the sament and real to the users and the extra effort for contributing to its
time, this approach puts the least burden on the user to learn neveonstruction and evolution has to be minimized.
tools. In the next category, users can provide input through a re-
stricted interface (e.g., annotations or bulletin board mechanism).In our efforts to get team members in real projects to use the De-
Such an interface would most likely be form-based. It is easy to sign Intent system, we need to also involve people that are not
use and it does not put the users in the danger of inadvertenthiteam members of the project. Some of these people are network
damaging the document. But it is also restrictive in what the usersadministrators who have to help with setting up the necessary in-
can add to a document. The last category gives the users the mogtastructure for distributed communication. Because there is no ap-
freedom but might require users to learn a lot. For example, theyparent benefit for these people, it is difficult to convince them to
would have to learn HTML (for web browsers) to create and mod- contribute to the success of the project.
ify documents. For more sophisticated uses, they need to learn
how to create HTML form templates and how to process the form The mechanisms and information that we built in the Design Intent
input using a programming language. During the limited time in system to help create better awareness within the team of the mem-
which the Design Intent system was used in the DADAS project, bers of the team were well received. In fact, DADAS team mem-
users were quite satisfied with the use of the restricted interface. bers commented the usefulness and accessibility of the contact
information (e.g., phone numbers, electronic mail address). It is
To make the transition from a document reader to a document au-unclear how useful the personal information about the team mem-
thor easy, it is important that the interface for authors resemblesbers (e.g., photos, job description) are in terms of building group
the interface for readers. In this way, users only have to learn a fewcohesion during the limited period in which the system was used.
additional skills to make this transition. The web browsers present-
ed problems because a completely different interface must be useONCLUSION
to create documents (textual markup language called HTML) than Our SPARX experience reinforces the need to target and under-
for viewing the end result. Furthermore, users need to learn thestand problems that are not only relevant, but to which current
markup language in order to create documents. To overcome soméechnology can be applied successfully. We must take responsibil-
of this burden, automatic converters from other document formatsity for making our understanding available to decision makers in
plus a restricted interface to touch up the results might offer somesuch a way that they can readily see its innovative value. We
relief to the document producers. On the other, this is not a prob-believe that this understanding is constructed, evolved, and com-
lem when the Design Intent system is built on top of FrameMaker municated through the design of boundary objects. We also realize
as it is a WYSIWYG system. However, web browsers do provide that although an effective process and the design of boundary
support for viewing a wide variety of different media formats as objects are necessary to the software development efforts, they
well as graceful handling of media formats on impoverished plat- alone are not sufficient without the communication infrastructure
forms. to foster an environment in which problem understanding, mutual
education, and collaboration and negotiation take place. In
As previously discussed, the Design Intent system needs a mechabADAS, we began developing such an infrastructure.
nism for allowing its users to include documents they produce us-
ing some other word processors. In the web browser ACKNOWLEDGMENT
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