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Tao Ling, David Bell, Eric Bier, and Ken Pier, Xerox Corporation

Abstract
The utility of online collaborative learning tools and services
scales directly withitslevel of adoption by students, educators
and other interested parties. Thus, the designers of such tools
are challenged not only to create functional tools but also to
find waysto encouragetheir on-going use. This paper describes
the creation and promotion of a suite of Web-based services,
including group-editable Web pages, WWeb-based calendaring,
discussion forums and a document reposi-
tory, aimed at enhancing a graduate project-
based course. We evaluate the use of these
different tools and generalize methods with
which to increase adoption of new technolo-
gies.

I. Introduction

Studies of innovation consistently identify
a strong correlation between the existence
of social networks and high levels of col-
|aborative knowledge sharing both within and
across organizational boundaries[16]. Sev-
eral generations of software tools have been
developed to support corporate and aca-
demic knowledge management and collabo-
ration. While they have increased communication, thereisless
evidence of improved innovation processesin the client organi-
zations that make use of them.

We believe that there are three root causes for today’s collabo-
ration technology shortcomings:

1 they are disparate stand-alone application programs;

2. they arebuilt for use by individualsrather than teams;
and,

3. theyarestructuredinlinewith a“publishing” model of
knowledge.

We believe that one road map to better solutions can be seenin
the findings of several recent PhD theses coming out of
Stanford's Center for Design Research. The key to the power of
these findings lies in an experimental research paradigm that
synchronously develops and field-validates all elements of the
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collaboration network and its supporting technol ogy whilework-
ing with professional engineersin acontinuing education frame-
work using advanced project based learning curricula. Four in-
sightslie at the core of the proposed work. Theseinsights, each
the product of one or more Ph.D. theses, tell us what kind of
activities make innovation activity effective. Guided by find-
ings presented in Figures 1 through 4, we endeavored to de-
velop and deploy the collaboration-network-technol ogy needed
to advance engineering education and accel-
erate corporate innovation.

A. AProduct Development Knowledge
Acquisition Modd Grounded in Practice

For over adecade the Mechanical Engineer-
ing Department at Stanford, through its Cen-
ter for Design Research [4,7,18, 2], has been
observing engineersworking in design teams.
Our intent has been to understand how learn-
ing takes place within the activity we observe.
Informed by these insights, we expect to in-
terveneinwaysthat will increase performance
and produce better learning experiences, bet-
ter engineers, and better products. Our focus
has been on creating environments and in-
formation technol ogy to enhance peer-to-peer communications,
cogeneration, and sharing of design knowledge. To this end,
epirical studies have been conducted in industy [12]. Findings
have enabled the development of aproduct devel opment knowl-
edge acquisition model (Figure5).

Asmodeled in Figure 5, we make a distinction between formal
and informal aspects of practice and knowledge. Organization,
Product Development History, and Product Development Pro-
cesses are considered formal elements. Expert Coaches, Team-
work, and Product Devel opment Practices are considered infor-
mal elements. The arrows represent the “acquisition” or “co-
generation” of product development knowledge.

The formal tasks and procedures embodied in a product devel-
opment process must beinterpreted and contextualized by prod-
uct development teams. Otherwise, specific process sugges
tionsfail to betangible, their value unappreciated, as hard work-
ing teammates perceive adviceto be overhead. What isof value
to the teams is to understand the intent of the process
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Function Text Draw Gesturt
Activity | Activity | Activit
Store
Knowledg 40 19 1
Express 2 63 33
Ideas
Mediate
Interactio 0 21 46

19% 46% 35%

Figurel. Tang [25] and Minneman [22] demonstrated that team innovation is
created within a socio-technical-network and that key ideas and con-
cepts are “owned” only by that network, not individuals. As show in
this transaction table, different activities mediate different kinds of
knowledge sharing.
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Figure2. Mabogunje[21] identified the power of linguistic analysis of formal designteam
documentation (formal and informal) as a predictor of team innovation out-
comes. An extension of thiswork by Yen [27] demonstrated the potential use of
theseinstrumentswith informal communication recordsto giveteamsreal-time
performance feedback.
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Percentage correlation between access to team-created files
and team-based grades (95-96 and 96-97)
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Figure3. Liang[19] identified astrong correlation between the incidence of
document access activity and team performance. Thisfigure shows
the correlation coefficient between the number of document ac-
cess transactions and the team grade for two successive years
(1995-1996, 1996-1997). Moreimportantly, afollow up study at
Xerox PARC revealed that peer-to-peer knowledge sharing out per-
formed both formal project documents and expert mentorsin help-
ing teams move through Xerox'sformal new product devel opment

stages.
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Figured. Eris[13] identified an extended, domain independent, question tax-
onomy that has been demonstrated to yield a strong correlation be-
tween the rate of certain question typesand design team performance.
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Figure5. A grounded product development knowledge acquisition model derived from empirical findings.

suggestion—the rational e behind the definitions and procedures.
Theintent of new product devel opment processesis not readily
captured and represented in flow charts, resource alocation
tables, task descriptions, and deliverable definitions. On the
contrary, itismainly acommon informal understanding of what
must be done, when and by whom, that is required to develop a
product. Formal product requirement documentstend to play a
minor role in comparison to informal interactions between in-
volved parties.

It isimportant to note that there is no specific node or interac-
tion where product development knowledge is “created.” The
model advocates that product development knowledge cannot
be embodied in a specific individual, a specific group of indi-
viduals, or aformal process. Those elements can only embody
aspects of product devel opment knowledge. Interaction of those
elements is what assigns meaning to the aspects of knowledge
and allows for their synthesis. Therefore, it can be said that
product development knowledge emerges out of the combined
interaction of the involved people and resources.

B. Opportunitiesfor Technological I ntervention:
L earning M echanismsin Design Activity

Further consideration of the product development knowledge
acquistion model presented in the previous sectionin alearning
context led to the identification of three fundemental learning
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mechanisms, referred to as “Learning Loops’, associated with
the activity (Figure 6). It is necessary to emphasize that the
|earning mechanisms are dependent on each other in the sense
that, in modern product development projects, it is inconceiv-
ablefor design teamsto work in the absence of an organization,
anetwork of experts the organization provides, and a process.

The three learning mechanisms can be seen in the following
way:

e Learning Loop 1 — Designing: Teams apply the product
development process contextualized for them by coaches
intheir design practice. They utilize information embodied
in the process and generate new knowledge.

e Learning Loop 2 — Coaching: Coaches observe the de-
sign practices of teams, and use the understandings they
gain in contextualizing the product development process
for them. Based on the needs of teams, coaches selectively
extract information from the product devel opment process
and present it to the teamsin a meaningful way.

e Learning Loop 3 — Capturing, Indexing, and Publishing:
Instructors (and managers) retain ahistory of the new knowl-
edge generated during design practice, and extract new ele-
ments from it in order to improving the product develop-
ment process. They manage the capture, indexing, and
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Figure 6. Three opportunities for technological intervention in enhancing design team learning performance.

publishing of new knowledge that teams generatein loop 2
in the form of product development process documenta-
tion.

The primary premise of this paper is that the learning mecha-
nisms discussed above can be technologically enhanced. At a
conceptual level, we carry out those enhancements in the fol-
lowing ways.

Loop 1: Sincethelearning directly associated with product de-
velopment practice occurs at the team level, it can be best en-
hanced with the utilization of technology that supports and
improves peer-to-peer communication such asemail, digital mes-
saging, and digital file sharing.

Loop 2: This learning activity involves coaches (members of
faculty staff, industrial visiting professors or experienced gradu-
ate students) who observe the product development activity
the team is engaged in. Effective coaches will adjust their in-
volvement in the project according to the needs of theteam. The
process can best be enhanced with meta-level tools that mea-
sure and display the performance of the team in real-time. We
hypothesize that performance metrics, if providedin real-timeto
coaches, will raise their awareness of the team’s operational
status and facilitate just-in-time coaching effectiveness. We also
hypothesize that raising teams' awareness of their own perfor-
mance will improve self-coaching.
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Loop 3: Sincethelearning activity involvesthe formalization of
the knowledge gained by team during the product devel opment
activity, it can be best enhanced with tools that can capture,
archive, and index the digital content that is thought to be of
value for future use so that it becomes a contribution to the
Digital Library.

Within these learning loops, students are conducting the pro-
cess of team based design engineering. There are many pub-
lished descriptions of the design process and it is generally
accepted that the processfollowsthe stages outlined in Table 1.
Although the design of any one product will generally conduct
the stagesin the order given, it should be noted that the process
of designishighly iterative and will involve returning to earlier
stages as more information becomes apparent. Table 1 al so out-
lines the general questions that need to be answered in each
stage and the sorts of information and "digital” tools that may
help design teams conduct the design efficiently.

The benefits of online collaborative learning servicesin educa-
tion are numerous: they centralize course-related information to
onearea, they facilitate student teams with the communi cation-
intensive yet asynchronous nature of project-based work, and
they help the teaching staff and project sponsors monitor the
on-going progress of various teams. Most importantly, they
help to create aliving body of knowledge centered on the class
that can be of great use to students in years to come.
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Design Stage

Negotiating

theContext

Market Survey

Requirements
Generation

Concept
Generation

Concept
Selection

Embodiment
Design

Detail Design

M anufacture
Design

Test

Reporting

Table 1. The Design Process and Associated Information Requirements[12].

General Questions

What is the need?
Who are the users?
How will the product be used?

What is the competition?
What patents exist?

How bigisthe market?

How isthe market changing?

What exactly should the product
do and how should it perform?

What ways are there for
achieving the functions required
by the project?

Wheat is the best combination
of functions as developed in the
last stage?

How can the concepts be
physically modeling?

How will the parts be arranged
and joined together?

What exact shape and size will
each component be?

Will they be strong enough?
What material will it be made of?

I nformation Required

Details on awide range of similar and

"loosely" related products.
User observations

Market surveys
Forecasts and trends
Details on competing products

Performance of competing products

Mainly a highly creative process
reguires human input.

Access to "standard" and documented
ways of achieving functions (i.e., common

mechanisms)

Comparativeanalysis.
Often best achieved through
discussion

Similar methodsusedin
other products

Materia information
Standard part catalogues

What standard parts shall be used?
How do the partsrelate functionally,

behaviorally and structurally?

How will the parts be produced
and assembled together?
Wheat is the order of the
processes?

Does the product perform as
desired?

What has been achieved?
How could the product be
improved?

What does the customer think?

Available manufacturing processes

andfacilities
Comparative costs

Test results

For students — previous report structures

Helpful Tools

User behavior capture tools
User behavior capture tools
Document access and filtering

Document access and filtering
Patent Database

Comparative analysis
Word processorsSpreadsheets

Document access and filtering
Sketching and rendering
SpreadsheetsAnalysis tools

Spreadsheets
Decision tools

Document access and
filtering
3D modeling 3D animation

3D modeling

Finite Element modeling
Engineering analysis
2D drafting

Material databases
Manufacturer’son-line
catalogues

Document access and
filtering

Design for manufacture
Process planning
Process simulation

Virtual test and ssimulation

Document access and
filtering

Word processing
Publishing
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C.Caveat

Despite these benefits, students left to their own devices sel-
dom do agood job documenting and publishing decisions, dis-
coveriesand actions. Thismay be because extratime and effort
isrequired to do agood job, and that they are not mindful of the
future benefits of such efforts, both for future generations of
students and for themselves. Hence, it becomes important to
study ways to motivate the on-going usage of these tools and
services. The samedilemmanholdsfor professional practitioners
as observed in the field studies that opened our review.

D. Case Sudy: Graduate Sudent Design Team I nnovation

To characterize this problem and test possible solutions, we
introduce the case for academic test-beds [18, 20]. Stanford’s
graduate-level project-based learning course in “Team Based
Design Innovation with Corporate Partners’ is one example.
Studentsin this course (many of whom have 2-8 years of profes-
sional engineering experience) work and learn in teams to de-
velop functional solutionsto commercial design challenges pro-
posed and financially supported by corporate sponsors. Stu-
dents benefit by gaining exposureto the challenges of real engi-
neering problems in an environment where teachers, mentors
and coaches can guide them, and encourage them to reflect on
and learn all they can from each experience. Sponsors benefit by
having a chance to draw on fresh approaches to their engineer-
ing problems and to own any inventions that come from the
students’ work; by making contacts with talented students who
may be future employees and faculty who may be future col-
laborators; and by getting exposure to current research and
experimentation in improved design methods. The course also
serves as atest bed for new collaboration-technology develop-
ment and ways of working. Activity within the course is the
subject of teamwork, engineering design thinking and design
education research.

E. Team I nnovation and K nowledge M anagement Services

A variety of first-generation computer-based collaborative de-
sign services have evolved over the past 10 years. These ser-
vices were created to help individuals and teams communicate
time-efficiently with each other and outsiders. Wherever pos-
sible, an emphasiswas placed on capturing and reusing commu-
nication content, e.g., treating it as unique knowledge created
for and within the context of a specific product development
scenario. Supporting communication, both formal and informal,
has become one of the key course management tenants for suc-
cess. We call thisenvironment our “ distributed team innovation
services.” In the course year 2001-2002, we chose to use our
experience from the past decade, and research resultsfrom sev-
eral dissertations (cited in section A) aswell asdesign thinking
research results from elsewhere (especially University of
Strathclyde [11, 24], the University of Washington [1, 2], and
Georgialnstitute of Technology [14]) to reconsider and rebuild
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2" generation services that would be sufficiently robust and
general that they could support awide variety of other learning
teams and group activities.

As collaboration-technology development has moved from the
|aboratory toindustry (including the efforts of some of our alumni
at Xerox PARC and wiTHinc) we chose to build the next genera-
tion of collaboration services around a suite of commercial soft-
ware elements. We are in the first year of the deployment of
these new collaboration technology services in the course. Of
course, in order to study the effectiveness of these knowledge
management tools, we need the students to use them. However,
mandating usage of these technol ogies risks hampering the stu-
dents' work rather than improving it, and can blind us as devel-
opers and researchers to opportunities to improve the toolset,
or to choose the appropriate technologiesto aid students’ work.

II1. Strategic Technology Components
A. Other Work Related to Collabor ation Services

The use of various collaborative Web-based knowledge man-
agement toolsin the university setting has becomeincreasingly
important, as teachers strive to provide content and support to
students and partners distributed throughout the world, and as
students strive to work on shared projects on differing sched-
ules. Previous research done in conjunction with this particular
project-based |earning course indicates that promotion of good
engineering documentation leads to better engineering work,
particularly in the context of collaborative teamwork, wherethe
formulation of such documentation also provides a valuable
means of communication and knowledge retention [7]. How-
ever, a recent survey of educational technologies by Phillips
Research indicates that technological support for collaborative
learning isstill [imited compared to support for multimedialec-
tures or consultations [9]. Case studies of different technolo-
giessuch ascommunity-editable Web pageslike CoWeb at Geor-
giaTech [14] or WebAnn at University of Washington [6] have
focused on measuring general student affect towards the col-
|aborative information technology tools, or comparing prefer-
ence between technologies. However, these studies largely de-
pend on teacher-mandated usage.

Palen and Grudin [23] noted intheir study of employee adoption
of calendaring technologiesthat the implementation or installa-
tion of atechnology into agroup-work environment isno guar-
antee of its acceptance or adoption. Particularly in the case of
community-shared document editing, large-scale “buy-in” on
the technology is necessary for true success, especially since
the value of the document repository relies on sincere contribu-
tions by numerous authors. Brown and Durgid [5] make a par-
ticularly strong case for the “Social Lifer of Information” that
helps explain the social logic of communication tool and service
adoption.
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The structure of Stanford’s Team-based Design Innovations
with Corporate Partners courseis of particular value, becauseit
starts in its first quarter with regular instructor-mandated as-
signments, but then progresses into student initiated project
management for the following two quarters. We piggy-backed
our technology rollout to this structure by mandating tools us-
ageinfirst-quarter assignments, to familiarize studentswith the
tools and their purpose, and then, in following terms, allowing
students discretion as to which tools to use in their project
work. Although it is too early to state which technologies are
more relevant or popular, we have learned a great deal in our
effortsto promote discretionary adoption of the various compo-
nent technol ogies which can greatly improve futureimplemen-
tations of such collaborative tools.

B. Thelmportanceof User EditableWeb Page System

All of the collaboration technol ogy is accessible through aWeb
browser, though some not exclusively so. Web pages are writ-
teninacombination of regular HTML and JavaScript, and anew
language from Xerox PARC, Sparrow [10]. Using these tech-
nologies as glue, we have integrated five core technologies to
deliver some 12 services.

Core technology includes the following applications:

1 Web-based project management calendar for individu-
als, teams and organizations;

2. discussion forums with document annotation for joint
document authoring;

3. document repository with version control, secure ac-
cess, and HTML conversion;

4. hyper-text email Web-archive with sorting and search-
ing for tacit knowledge reuse; and

5. e-mail distribution list management for systematic no-
tification.

Sparrow lowers the barrier-to-entry for would-be Web content
producers, by providing them with a means of inputting and
editing content on a Web page directly from their browsers.
Users falls into one of three role categories: contributors, au-
thors, and administrators. Contributors (students and workers)
input and edit content on a Web page within the framework
provided to them (no knowledge of Sparrow or HTML required).
Authors (teaching assistants and project managers) copy and
modify existing Sparrow templates, or createtheir owntemplates
from scratch. Administrators (systems managers) configure the
Sparrow software and the Web server.

Proceedings of the 2002 eTEE Conference 11-16 August 2002 Davos, Switzerland

C. Specific Core Technology Toolsand Services

We have explored five main strategies to encourage Web-based
collaboration. We know from experience that there are many
barriersto success. The most fundamental barrier ishuman hesi-
tancy to risk knowledge sharing (and the associated risk of ex-
posing knowledge inadequacy). The second most fundamental
barrier isthe fact that collaboration technology is new. Its con-
tribution to our work and well-being is unproven. These obser-
vations have, in part, motivated our pursuit of team performance
metricsthat can be affected, in apositive way, by collaboration
technology.

We have used five strategies to encourage online collaboration.
These include:

1 mandating usage (by homework assignment);

2. creating context-specific tools to make specific tasks
easier;

3. placing tools in locations that made sense during real
world work;

4. enabling and fostering personalization of thetoals; and,

5. integrating our toolswith othersthat had already been
accepted and used (e.g., email).

In the following sections, we describe services that we have
created inthe context of thisstrategy. Thetreatment will bevery
brief. Selected early instrumentation outcomeswill be shown.

D. Callaboration Technology for Coordination and K nowledge
Sharing by the Design Team in L ear ning-L oop-1

The following sections have been written in the first person
from the perspective of the Web services development team’s
diary of usage and performance observations. While breaking
with the expected format of a“ research paper” we have choseto
preserve this tone and perspective for those who will shortly
follow in the Web teams footsteps, both strategically and tacti-
caly.

1) TeamHome Page: To addressthe need of ateam to publicly
represent who they are, and what they are working on, we
created the team page. At the left side of the page is a
column for adding people that are related to the project.
People are added into one of three categories (students,
coaches, and liaisons), inthe sameway asany other itemin
Sparrow. A personisrepresented by their name, image, and
email address. When a person is added to the page in this
fashion, they are al so automatically added to the email dis-
tribution list for the team.
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Most of theteams have modified their team page, anywhere
from the minimal obvious modifications (adding their team
name, logo, team member names), to changing backgrounds,
to faithfully keeping up weekly notes, adding interesting
pictures, links, etc. However, customization almost certainly
hasn’t been to the degreeit’s been in past years, where the
students could start from scratch, and not have to worry
about stepping on any of the Sparrow elements that they
weren't familiar with, and thus breaking the page. In any
case, anecdotal reports suggest that visits to the team page
by team membersisnot particularly common; it isnot serv-
ing as any kind of acentral launching-point for day-to-day
computer work.

2) Team Specific Tools: The team home page links together
several Sparrow-created tools, aswell asanumber of other
Web-technologies (Figure 7). At the top left of the page is
an area to enter a brief description of the project. To the
right of this is an area where a graphical logo, possibly
representative of your team’'s sponsor, can be uploaded,

3)

and which will appear on the page. To the right of the logo
isamenu of resources, including aSparrow prioritized to do
list. Below the resource menu is a section of links to col-
laborativetools, instances of which have all been automati-
cally created: aWeb calendar, an email archive of the distri-
bution list for the team, and a document repository. At the
center of the pageisan areaan image that isrepresentative
of your project can be uploaded and displayed. Below this
image is an areawhere weekly or daily news items can be
added in ameaningful history.

Team To Do List: A prioritized to do list isavailable viaa
hyperlink at the top of the team page. When an item is
added to the ligt, it is given a short, one-line description, a
“tab-keeper” (typically the name of the person that created
the item), an “owner” (the person that will do the task), a
creation date, adue date, and amore lengthy description of
the project. When an owner has accomplished something
to dowith histask, he can modify theitem that corresponds
to it, and update the description field.
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Figure 7. Course home page screen shot at the Student Resource level. While the home page serves
primarily as ajumping off point to team resources, this example shows team announcement
entry template. These diary-like statements are the top level of shared communication within
teams and served at afirst point of contact for the corporate liai son and teaching team to track

work in progress.
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4)

5)

6)

7
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Initially, we had placed thelist in amenu of tool sthat popped
up when the user moved the mouse over a particular
hyperlink. Once the mouse movement had triggered the
menu, the user could click on one of several hyperlinks. By
placing thetoolsin thismenu, we were saving valuablereal
estate at the top of each team page, but still enabling the
tools to be reached by a single click. We thought it was a
neat solution, but it did not work. We speculate that thisis
at least partially because users are not accustomed to hav-
ing mouse movements trigger popup menus. They did not
expect the menu to pop up, so it did not occur to them to
move the mouse into the right place. In a subsequent ver-
sion of the team page, we corrected this by placing regular
hyperlinksto the sametoolsdirectly onthe page. Thismethod
took up more space on the page, but by making small ad-
justmentsto the page layout, the detriments were minimal.

Team Calendar: The creation of a team triggers the cre-
ation of acalendar to go along withiit. Each team’s calendar
automatically inherits events from the main class calendar,
so teams can have afull view of their schedulefor the week
from asingle Web page. The calendar islinked in anotice-
able place at the top of the team page.

Individual Weekly Class Planner: As part of the bio page,
we provide a scheduling table. The rows of the table are
broken into the timeslots for various classes. Each box of
theresulting grid can befilled in, according to the student’s
schedule. Our intention with this serviceisto facilitate the
determination of mutually agreeable meeting times between
students.

Callabor ation Technology for Coor dination and K nowledge
Sharing between the Design Team and their Coach in
L earning-L oop-2

Biographical Pages: Adding an entry to the directory of
people triggers the creation of a biographical Web page.
The information entered into the directory automatically
propagates to the new biographical page, so that users do
not have to type it twice. Additionally, the biographical
page has pre-defined section for the following information:
degrees, industry experience, learning prospectus, recent
publications, project experience, computer proficiencies, etc.
Of course, the page can be modified to include additional
sections if a user so desires. In the top left corner of the
page, there is a place to upload a picture of oneself. All of
these bits of information are tagged for indexing. We pro-
vide atable, whereby you can fill out your class schedule,
and later super-imposeit upon any other participants sched-
ulefor determining mutually compatible meeting times.

Team Formation Matrix: On the directory of people page,
below the link to the photo matrix, is a link to the team

8)

9)

formation matrix. Theteam formation matrix isajavaserviet
that pulls information out of each student’s biographical
Web page, and displaysit in acompact, easy to read format.
By using it, students are able to compare potential team-
mates side by side, without having to click back to the
directory each time you want to look at someone new. All of
the most vital information for picking teammates is avail-
able on it. To help students figure out whom they want to
team up with, they can print thewhole matrix out and takeit
withthem.

W Ide-Jung Personality Survey: As part of the biographi-
cal Web pages, appears a section entitled “Wilde's Role
Characterization Survey.” When the edit triangleto the | eft
of it is clicked, the user is presented with a 25-question
personal preference survey, which attempts to categorize
you in relation to your community, along two orthogonal
axes (Judgment and Perception). Upon compl eting the sur-
vey, the user isrewarded with anumerical scorethat can be
used with supplemental papers by DouglasWildeto evalu-
atethe “ creative balance” of aproposed team [26].

Photo Matrix: At the top of the directory, you seealink to
the PhotoMatrix, and click on it. You are rewarded with a
table of smiling faces—all of the registrants of the class—
and their names. PhotoMatrix is a Java servlet that gener-
ates a Web page from the contents of the hierarchy of bio-
graphical Sparrow pages. It opensthe directory page using
SparrowDB, then followsthe linksto each biographical Web
page, which it also openswith SparrowDB, and extractsthe
path to each biographical image. To help remember whois
who, print out a copy.

10) Team Creation: With the completion of the Wilde-Jung sur-

11)

vey, students transition from the knowledge community
creation process, to the process by which we create aframe-
work for capturing the knowledge generated by a single
project. Thereisnotimetobewastedin ME310, andinthe
next class session, the students are randomly grouped into
three or four person teams. Each team chooses a computer
administrator from among their members, and thispersonis
instructed to create the homepage for histeam by following
ahyperlink off the main site for the class.

Team Roster: At thetop of theteam, roster pageisatable of
documents that pertain to every team: an intellectual
property agreement for the class, a purchase order form, a
reimbursement form, an“ administrative survival guide,” and
a budget spreadsheet. These documents are stored in our
document repository, and only the administrators for the
class have permission to modify them, although anyone
can download a copy of adocument by clicking on it. We
decided against simply placing a link to a DocuShare
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12)

13)

14)
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repository containing these documents, in favor of making
the documentsthemselves accessibleviaasingleclick. This
way, they are visible each time a user navigates to their
team page. To the right of each document isthe date of the
last modification, so that users can verify that the version
they are about to download is up-to-date.

Below the common documents area is the roster of teams.
The page informs you that a new team can be added to the
roster by clicking abutton abovethetable. Uponclicking it,
usersare asked to enter some appropriate information about
the team they are creating: its name, a name for the email
address that will be used as a distribution list and archive
for al email communicationsrelated to the team, the name
of theteam’s sponsor, and aURL to the sponsor’ sWeb site.
Upon confirmation that the information they have entered
is correct, they are transported to the team’s new home
page. Simultaneously, this pageislinked toitsentry on the
team roster.

Course Assignment Pages: To addresstheinstructor’s need
for a place to advertise assignments that could be easily
adapted from one year to the next, we use a set of Sparrow
assignment templates. These templates are secure and can
only be modified only by the instructor, and published to
theclass. For each quarter, we created a page anal ogous to
the directory of teams page. The assignment page itself
has a table of contents at the top, which divides the
assignment into sections, and describes them by title,
weight, and due date. Sectionsin the body of the assignment
page describe each item in the table of contents. The
instructor can upload an image to each of these sections.
We placed three hyperlinks, oneto each quarter’sdirectory
of assignments, on the home page for ME310 students.

Diary Entries: Every Thursday night, an email reminder is
sent out to the entire class, reminding them to enter alog
entry into their team page. On Saturday, the teaching team
receives an email that concatenates all of the most recent
updates from each team page. Thisis being done under the
auspicesthat it will help keep the teaching team up-to-date
on the student team’s are work.

Students seem to find that the weekly update items on their
Web pages are not too onerous, and are worth the effort. It
isnot clear whether the teaching team i s getting much benefit
from them. This may become clearer as people become
more accustomed to the weekly reminders to students and
summaries to the teaching team.

Project Solicitation and Tracking Pages: Because ME310
is a class with corporate sponsored projects, there is an
inherent need to recruit corporate sponsors. The professor
for the course and several administrators are involved in
this process. Out of the multiplicity of people contacting

the potential sponsors, aneed evolved for acommon place
to describe actions that had been taken with respect to the
project. These actionsinclude tel ephone conversationswith
liaisons, and leadsto other potential projects. Additionally,
the administrators needed a place to simply record the
contact information for the various corporate people
involved with creating this type of relationship between
the university and a company.

For these reasons, we created the project tracking pages.
The pages are analogous to the directory of people and
team roster in that a single page lists the projects being
tracked, their status, the company contact, the university
contact, the company unit, and when the project was last
updated. New projects can be added to the list, and each
project is associated with a page of notes, which is created
when anew entry isadded to thelist. At the top of the page
of notesisaplacefor uploading the project proposal, which
isthen available viahyperlink.

15) Course Calendar Activity Reminders: One of the most

16

~

useful features of our calendarsisthat they can send email
reminders of upcoming events. These reminders have
proven extremely useful, since we have had considerable
difficulty in getting the student teamsto regularly visit and
usetheir calendars. However, the teaching team hasdone a
good job of keeping the course calendar up-to-date with
assignment due dates, social events, and noteworthy
outside events that are related to the class. We have found
that the email reminders are actually sufficient to keep
students in tune with the most important dates. Although it
isniceto be ableto goto the Web calendar, and see the next
few weeksin asingle glance, students seem to do thisonly
rarely.

Callaboration Technology for Coordination and K nowledge
Sharing between the Design Team, Coach, Cor por ateL iai-
son, and the Teaching Team in L ear ning-L oop-3

Registration: Registration, a simple task, serves two pur-
poses. as an introductory exercise to learning the Sparrow
system, and asameansfor providing avirtual directory for
locating other people involved with the class. Registration
isaccomplished by clicking abutton, whichinsertsanitem
into aroster of peopleinvolved with the class, and prompts
the user to fill out some cursory contact information: their
name, telephone numbers, email address, the location of
their office, their classification—student, coach, consult-
ant, or liaison—and whether they would like to subscribe
totheclassmailing list. Upon clicking the* Ok” button, the
page reloads, and a new record has been created and auto-
matically categorized by classification, and sorted by name.
The checkmarksfor indicating mailing list membership seem
to be the best example we have of a feature asked for by
users whose usefulness matches the original vision.
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17) White Paper Tool: Another link that lives at the top of each

team page is one to create a group-editable white paper.
The white paper tool is a group-editable Web page that is
meant to provide ameansto jump-start the process of writ-
ing a paper that has multiple authors. In an attempt to pro-
totype a solution to this problem, we created the white pa-
per tool. At thetop of the pageisatable of contents. Onthe
left side is a section number and descriptive title for it. In
the middle is a place for notes about that section. On the
right isthe name of the person responsiblefor that section.
Items can be added or removed from the table of contents
viathe standard Sparrow mechanisms. The white paper tool
is an elegant way to get started on a paper. We used it to
start this paper.

them to class DocuShare repository. Overall, thiswasvery
effective, especially during the frenzy that ensued before
presentations. DocuShare allowed teamsto turn their pre-
sentation slides into a common location in a distributed
fashion, and simultaneously made them avail ableto the com-
puter feeding the video input for the slide projector.

19) Document Repository: Our document repository,

DocuShare, was linked into the ME310 Webs in severa
places. First, alink to the root of the repository appears at
the bottom of the home page for the class. The root of the
repository offers services that are applicable to the entire
repository. For example, asearch facility will providealist
of all recent additions to the repository. Additionally,

documentation on DocuShare itself is easily accessible. A
link to the repository designated for documents pertaining
to the class appears on the student page, and each team
page has alink to its own document repository.

18) Document Repository: Use of the document repository was
mandated in the sense that the teaching team required stu-
dent teamsto turn in their design documents by submitting
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Figure8. DocuShare Usage per Day per Term: the number of document access sessions per day has been instru-

mented in the interest of developing a metric for knowledge reuse and it relationship to design team
outcomes. Four different teams are show here. As noted in Section-B, Mabogunje demonstrated a very
high correlation between the incidences of unique noun-phrasesin final design reports. This new instru-
ment promises to reveal any corresponding relationship for “work in progress.”
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20) Mailing List and Online Hyper-Mail-Archive: In the top
right corner of the team page, we placed a hyperlink to the
mailing list archive, and ahyperlink for sending email to the
list (Figure 9). We found that students easily learned how
to control the participants on thelist by adding or removing
people from the team page. However, some teams—espe-
cially the distributed ones with teammates in other coun-
tries—wanted to have more than one mailing list. This
prompted usto integrate Mailman into our services. Unfor-
tunately, students did not have as easy a time learning to
use Mailman asthey did with using the team page to man-
age their primary mailing list. Thus, integrating Mailman
incurred an additional administrative overhead to our team.
It is apparent that the mailing lists have been well used. In
addition, the teaching team regul arly examinesthe Web ar-
chives. However, we do not know how useful the archives
have been to the students.

21

~

Biographical Photos: The photo that appears on a
student’s biographical Web pages is another medium by
which it is possible to express some personality. Although
we did host asession of mugs shots, where we took boring
pictures of students standing in front of white backgrounds,
the students quickly discovered that they could replace
these images with whatever they preferred. Unfortunately,
one of the downsides of this was that some students de-
cided to replace their picture with a picture of something
other than themselves, which madeit hard to identify them.

G. Specialized Clientsver susUniver sal Accessibility

A key benefit of Web-based collaboration toolsisthat they can
be accessed by anyone who has a Web browser, and thus are
inclusive of people who use various operating systems and
applications. We believed students would dislike having to
download and install numerous client applications, and that they
would not motivate themselvesto learn their variousinterfaces.
However, with DocuShare, atool that offers both a Web-based
interface and aspecialized client application for Windows users,
we found in focus group studies, that students who used the
client application were far more satisfied with the technology
than those who used DocuShare via the Web, and were more
likely to useit on aregular basis. Students were frustrated with
the slowness of the Web, which was not a function of the net-
work speed so much asthelimitationsthat the browser interface
brought to simple transactions like uploading and downloading
afile.

We have come to understand that the Web-based interface is
best for servicesthat students may use only occasionally, where
thetrouble of installing anew application would proveto be an
insurmountable barrier to that application’s use. On the other
hand, for frequently used applications, aWeb-based interfaceis
often frustratingly inefficient, and in such cases, a specialized
client isappropriate.
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age corresponded to better outcomes.
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III. Conclusions and the Continuing Pursuit of Metrics

We have described the tools we created to facilitate collabora-
tion in aWeb-based environment, and addressed the problem of
getting the collaboration to happen. The most significant av-
enues we pursued in this regard are mandating usage, creating
context-specific applications, placing tools in locations where
they would be found useful, integrating new tools with ones
that have already been adopted, and enabling the personaliza-
tion of new tools. We have also been guided by the general
principlesfor “How People Learn” as put forth by Bransford et
a[3).

While mandating usageiseffectivein providing initial exposure
and establishing acommon set of references, it is decidedly not
astrategy that should be used after collaboration has been prop-
erly primed. Inthefuture, weintend to focusintently on creating
more context-specific applications, and trying to eradicate in-
stances of bad tool placement within our services. Placement
ranks high on a list of the top reasons students did not use
tools, and it isfrequently asimple matter to rectify.

In our thoughts on tool placement, a recurring question has
been that of what itemsto put inthefirst screen of apage, before
any scrolling is necessary—"abovethefold,” in newspaper ter-
minology. Optimally, wewould like to organize pages such that
thereis nothing of importance below thefold, and furthermore,
asthe page is contributed to, nothing is pushed there. Thisties
into our interest in more data mobility within Sparrow. When
pages becometoo largetofit naturally into ascreen, it should be
possible for Web novicesto move pieces of datato other pages,
in amanner more flexible than the current archiving scheme.

We surmise that our time devoted to the process of integrating
new toolswith existing ones waswell spent. The most success-
ful integration has been that of with email, so we would like to
explore that avenue more broadly, and intelligently. We think
that a more intelligent coupling with email could be the key to
getting students to realize the potential of the prioritized to do
list.

In the spirit of continuing our efforts at integrating our new
tools with existing tools that have aready been adopted, we
would like to create whiteboard-to-Web and audiovisual cap-
ture-to-Web interfaces. The purpose of this would be preserv-
ing more of the knowledgethat isgenerated by our designteams.
One of the most common working scenarioswe have noticed for
adesign team is to have a group meeting around a whiteboard,
and then take a picture of the whiteboard with adigital camera.
The resulting image is eventually stored in the document re-
pository, or posted on ateam page. Inthefuture, our system will
take these actions automatically.

Sparrow has proved effective at enabling a significant amount
of customization of Web pages, to a certain extent, without

requiring Web savvy users. However, all of the customizations
alowed in this manner must be pre-programmed by the page
author. For page design, Sparrow still assumes asomewhat Web-
savvy user. For example, to accomplish the simple action of
copying a page, the user must come up with a directory path
from the Web server root. Additionally, in the near future, HTML
knowledge will be a necessity for customizing Web pages be-
yond the use of the pre-programmed templates. We would like
to experiment with atool like Sparrow that enablesless limited
customization of Web pages, without the HTML knowledge pre-
requisite.

In closing, we would like to cite two seminal publications that
will shapeour next steps. ThefirstisHargadon's[17] identifica-
tion of the power of technology brokering within innovative
groups. We foresee applying this perspective to enhance the
team coach’s role as the broker for driving adoption of distrib-
uted team innovation technology. The second key perspective
comesfrom Hutchings swork with learning portfolios[17]. Go-
ing forward, wewill restructure and re-represent our distributed
team innovation services asindividual, team and organizational
“learning-portfolios.”
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