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ABSTRACT

Cooperative work typically involves both individual and
group activities. Computer support for perspectives allows
people to view and work in a central information reposi-
tory within personal contexts. However, work in personal
per spectives encourages divergent thinking. Negotiation in
group perspectives is needed to converge on consensus,
shared understanding, and cooperation. Negotiation proc-
esses on their own can delay progress. By intertwining
perspective and negotiation mechanisms, individual results
can be systematically merged into a group product while
work continues. Personal perspectives on shared informa-
tion are thereby intertwined and merged into a shared
group understanding. WEBGUIDE is a prototype system that
integrates perspective and negotiation mechanisms; its user
interface has been mocked up in detail to work out the
many issues involved. We have begun to use partial im-
plementations of WEBGUIDE to support cooperative intel-
lectual work in small research groups.
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SUPPORT FOR INDIVIDUAL AND
PERSPECTIVES

The World Wide Web (the Web) provides an obvious me-
dium for cooperative work. However, it provides no sup-
port for the interplay of individual and group understand-
ing that drives collaboration. First, we need ways to find
and work with information that matches our needs, inter-
ests, and capabilities. Then we need meansfor bringing our
individual knowledge together to build a shared under-
standing and cooperative products.

In this paper, we explore the possibility of providing com-
puter support for intertwining perspectives in cooperative

work by means of an integrated system of perspective and
negotiation mechanisms.

Our approach combines previous research we conducted
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individually on computer support for perspectives [23] and
for negotiation [10, 11]. The term perspective meansthat a
particular, restricted segment of an information repository
is being considered, stored, categorized, and annotated.
Computer support for perspectives allows people in a
group to interact with a shared, global information source;
everyone views and maintains their own perspective on the
information without interfering with content displayed in
the perspectives of other group members. The problem is
that perspectives of group members tend to diverge instead
of converging as work proceeds.

Computer support for negotiation provides a solution to
the divergence of ideas in different perspectives by allow-
ing members of a group to communicate about what in-
formation to include as mutually acceptable. The problem
with negotiation isthat it delays work on information while
potentially lengthy negotiations are underway. Here, per-
spectives provide a solution, allowing work to continue
within personal perspectives while the contents of shared
perspectives are being negotiated.

We believe that perspectives and negotiation are each im-
portant CSCW concepts in their own right, but that when
combined they can offset each other’s major weaknesses
and provide powerful support for using shared information
sources. We propose an approach to intertwining the
mechanisms of perspectives and negotiation to help coop-
erative groups intertwine the personal perspectives of their
members into an effective shared network of perspectives
on task-relevant information. Our proposal is based on the
normative standpoint that even in the case of distant and
asynchronous cooperation people should have a chance to
contribute to the convergence of their ideas.

Thefirst section of this paper characterizes perspective and
negotiation mechanisms that the authors developed inde-
pendently in the past, followed by a section on related
work to differentiate our approach from others. CSCW
approaches often deal with the problem of joint editing of a
shared document by several users and the subsequent
merging of different versions. By contrast, in our approach
many short segments (from selected and inherited individ-
ual perspectives) are dynamically extracted from a shared
information source and intertwined to construct personal
and team perspectives.



The paper's third section describes a student research pro-
ject that helped us to define the requirements for computer
support of this kind of cooperative work. This motivated
the design of WEBGUIDE, a prototype system that is then
described in some detail. The paper concludes with current
work — introducing our software into classrooms and small
research groups for testing its use — and future work to
evaluate its effectiveness.

PREVIOUS WORK ON
NEGOTIATION

This paper integrates two previousy independent ap-
proaches:. collaboration using perspectives and negotiation
of shared information.

PERSPECTIVES AND

Per spectives
The most important characteristics of Stahl’s[23] perspec-
tive mechanism are:

Individual team members have access to what appears
to be their own information source. Thisis called their
personal perspective. It consists of items from a
shared central information repository that are tagged
as being visible within that particular perspective (or
in any perspective inherited by that perspective).

Team member A can integrate an item from B’s per-
spective into her personal perspective by creating a
virtual copy of the item. If B modifies the original
item, then it changesin A’s perspective as well. How-
ever, if A modifies the item, a new item is actually
created for A, so that B’s perspective is not changed.
This arrangement generally makes sense because A
wants to view (or inherit) B’sitem, even if it evolves.
However, B should not be affected by the actions of
someone who copied one of B’s items.

Alternatively, team member A can physically copy the
contents of an item from B’s perspective. In this case,
the copies are not linked to each other in any way.
Since A and B are viewing physically distinct items
now, either can make changes without affecting the
other’ s perspective.

When A creates a virtual copy of an item from B’s
perspective, A can decide if she will also get virtual
copies of items related to that one, or if she will create
her own sub-network for her copy of that item. Arbi-
trarily large sub-networks of information can beinher-
ited with no overhead in time or memory using thevir-
tual copy mechanism.

Items of information can be created, edited, or deleted
by users within their own personal perspective without
affecting the work of others.

New perspectives can be created by users. Perspec-
tives can inherit from existing perspectives. Thus, a
team perspective can be created that includes virtual
copies of all contents of the inherited perspectives of
the team members. Thereis an inheritance tree of per-
spectives, descendants inherit the contents of their an-
cestor perspectives. Changes (additions, edits, dele-
tions) in the ancestor are seen in descendent perspec-

tives, but not vice versa. A hierarchy of team, sub-
team, and individual perspectives can be built to match
the needs of a particular application.

This mode of perspectives has the important advantage of
letting team members copy the content of their team’s per-
spective and other information sources without having to
generate it from scratch. They can then experiment with
this content on their own without worrying about affecting
what others see. This is advantageous as long as one only
wants to use someone else’'s information to develop on€'s
own perspective. It has frequently been noted in computer
science literature [5, 8] that different stakeholders engaged
in the development and use of a system (e.g., designers,
testers, marketing, management, end-users) always think
about and judge issues from different perspectives and that
these differences must be taken into account.

However, if one wants to influence the content of other
team members perspectives, then this approach is limited
because one cannot change someone else’s content di-
rectly. It is of course important for supporting cooperative
work that the perspectives maintain at least a partial over-
lap of their contents in order to reach successful mutual
understanding and coordination. The underlying subjective
opinions must be intertwined to establish intersubjective
understanding [9, 25].

Negotiation

The concept of computer-mediated negotiation addresses
the problem of making changes to a system design or an
information repository when the changes may conflict with
the interests of others. Such a change must first be pro-
posed by someone. The same software that is used to pre-
pare and propose the change should also inform the people
affected and help them to respond to the proposal. Accord-
ing to Herrmann [10], the following options for voting and
discussion should be offered: Accept, reject or modify the
proposal. Furthermore, the proposal can be accepted until
revoked or the computer-supported negotiation process can
be interrupted in order to discuss the matter face-to-face,
through telephone inquiry or in other ways of more direct
communication. Each of the above options can be accom-
panied by commenting on the choice.

This concept of negotiation was originally developed
within the context of software design for situations in
which two users of a computer system discuss whether a
system feature should be implemented or not. The ap-
proach was intended to support “controllability” and “ suit-
ability for individualization” (cf. 1SO 9234, Part 10) for
groupware. Such negotiation can take place in multiple
cycles of aproposer and a responder reacting to each other.
Negotiation rules must be established to define how many
negotiation cycles can take place, how much time is al-
lowed to pass before a decison must be reached, what
happens when a time limit is reached, etc. The goal of this
negotiation mechanism is to get through routine cases of
agreement, abstention, or ssimple modifications of propos-
als as quickly as possible in order to determine efficiently
which proposals require a more intensive communication



process. This provides a common starting point from
which cooperation can proceed.

A disadvantage of this negotiation mechanismisthat it was
designed for just two people. If applied to several partici-
pants, the time period for arriving at a common starting
point stretches out too much. The original negotiation con-
cept assumed that a modified item would not be worked on
further until the negotiation process was complete. This
might make sense in the case of a change of software sys-
tem functionality, but it seems unduly restrictive for modi-
fications of information and analysis. By contrast, the ap-
proach of intertwining multiple perspectives into a com-
mon one has the advantage that participants can continue
towork in their own perspective while awaiting the results
of negotiations. This allows the negotiation mechanism to
be extended from pairs of participants to small groups.

RELATED WORK
This work builds on ideas from a variety of CSCW ap-
proaches.

Hypertext and Hyper media.

Hypertext and hypermedia structures provide an important
mechanism for supporting cooperative work with shared
materials. To some extent, thisis now provided by the Web
itself, although many hypertext mechanisms have been
explored that go beyond the Web's simple model [2]. The
perspectives mechanism of Stahl [23] is a hypermedia im-
plementation, based on a node and link structure; relation-
ships among contents in different perspectives are defined
by links. Internal manipulation of nodes and links allows
multiple perspectives to share large information sources
without unnecessary duplication. The use of “virtual copy-
ing” or “delta storage” is well-known in system software
[7], but was not previoudy used in CSCW hypermedia
systems. We have chosen to implement our own hyperme-
dia substrate — rather then use something like Lotus Notes
— for reasons of granularity, control, and speed.

Context M echanisms

The importance of perspectives in cooperative work has
been recognized at a theoretical level by Boland [5] and
others, primarily based on the hermeneutic tradition in phi-
losophy: Heidegger and Gadamer (see [23]). The applica-
tion of virtual copying to perspectives on data was ex-
plored at Xerox PARC [4], but abandoned as too compli-
cated for users at that time. A related mechanism of
transclusion was proposed by Nelson [16] for hypertext.
McCall applied asimilar approach for organizing hypertext
information by domain and version in PHIDIAS [15]. Stahl
[23] extended McCall’s approach in HERMES, implement-
ing a hypertext version of virtual copying in a productivity
tool for professona design teams. He subsequently
adapted this mechanism in CIE, a cooperative information
environment for supporting peer group management of
I SO 9000 documentation [22].

Computer Supported Collaborative L earning

A number of software systems have been developed to
support collaboration of research teams in schools; CSCL
[13] has become an important new research direction

within CSCW. CSILE [19], for instance, is athreaded dis-
cussion system customized to scaffold classroom research.
Systems like CoVis [17] and CAMILLE [21] aso provide
a shared workspace or notebook area for collecting re-
search results. Rather than supporting negotiation through
the system, they rely on face-to-face interactions to make
choices about what materials get entered into the team re-
pository. The prototypes of WEBGUIDE are intended to
demonstrate how current CSCL systems — which lack ex-
plicit representations of perspectives — can be enhanced.

Organizational Memories

By organizational memories we mean an approach to
building a structured digital library of various forms of
information that can be shared by community members
through computer supported collaboration and communica-
tion mechanisms[1, 14]. Intertwined perspectives can help
to structure an organizational memory. For instance, when
a group of community members undertakes a new project
they can create a new perspective on the memory and ne-
gotiate which items from existing perspectives should be
included for usein the new project.

Collaborative Filtering

Collaborative filtering (e.9. GROUPLENS, [18]) istypical of
approaches that try to automate the construction of per-
spectives. It displays available information in accordance
with individual or team preferences. Statistical analysesare
used to automatically determine which members of a group
are interested in similar topics. Items of information that
are of interest to one member are then sent to other group
memberswith similar interests. Rather than relying entirely
on automated mechanisms, WEBGUIDE allows active sel ec-
tion or modification of information by users.

Conflict Management

The above approaches lack any computer supported nego-
tiation mechanisms. Wulf [27] proposed the support of
negotiation and developed it for conflict management in
groupware. Wulf focuses on negotiation between two per-
sons and he distinguishes various ways in which a group-
ware user can avoid or reduce the effects of another user’s
actions. However, we believe that it should always be pos-
sible for users to react to each other, at least by comment-
ing. ldeally, these reactions back and forth should take
place with support from the same system that presents the
content under discussion.

Decision and M eeting Support

The clearest parallels to computer-supported negotiation
are decision support and meseting support systems. In these
systems, one can respond to proposals from others by ex-
tending them with one's own proposals or amendments.
One can also annotate the proposals. In more elaborate
systems, such as those derived from ARGNOTER [24], anno-
tations can be classified as pro or con the argument. Sev-
eral systems keep track of votes for or against a proposal

[6]. Sen, et al. [20] describe an application of thisfor meet-
ing scheduling. Our negotiation mechanism emphasizesthe
possibility of continuing the work on a perspective before
the decision process is compl eted.



Due to space limitations, we cannot compare our work
with approaches which are focussed on synchronous col-
laboration and WY SIWIS problems or deal with merging
and access mechanisms in the field of joint editing. As
pointed out above, these approaches are related to another
type of problem where the shared information is relatively
limited and can be described by a small set of document
versions.

THE WEBGUIDE DESIGN

This section recounts the motivation and history of the
design of our integration of perspective and negotiation
CSCW mechanisms. It discusses a context in which future
researchers are being taught how to engage in cooperative
work and how to use computer technologies to support
their work.

Supporting Cooper ative Student Web Resear ch

In summer 1997 we decided to apply our vision of inter-
twining perspectives and negotiation to a situation in mid-
dle school (6™ grade, 12 year olds) classrooms we work
with. The immediate presenting problem was that students
could not keep track of Web site URLSs they found during
their Web research. The larger issue was how to support
team projects. The more we discussed computer support
for cooperative student Web research, the more compli-
cated and detailed the issues became,

To facilitate our own collaboration we adopted two repre-
sentations: (1) the design of a detailed user interface using
HTML and (2) aformal modd of the software procedures,
data elements, and context of use. Y ou will see both repre-
sentations below. The result of our collaboration is (1) an
interface design for WEBGUIDE, a Web-based prototype
that integrates perspective and negotiation mechanisms to
support collaborative learning, and (2) a modd of such a
system in use. To make our design concrete, we focused on
a project-based curriculum [3] on ancient civilizations of
Latin America used at the school. The example of this stu-
dent research project iswell suited to illustrate the level of
complexity that our approach can and must handle.

WEBGUIDE was first conceived of as a glorified Web
bookmark manager [12] and e ectronic notebook applica-
tion [26], enhanced with perspective and negotiation
mechanisms as described below. Students can conduct
Web searches, collect, annotate, categorize, and organize
bookmarks for sites they like. They can summarize or ex-
cerpt the Web page contents (there is no need to copy the
full contents because it is already available through the
active bookmarks). Students are encouraged to use the fa-
cilities of WEBGUIDE to make the results of their research
more self-explanatory for themselves and their team mates
by defining a hierarchy of headings or categories, arrang-
ing bookmarks under these, and adding concise summaries
of the content or importance of the bookmarked sites.

Figure 1 shows a view of a student’s personal perspective
in WEBGUIDE. There are three topics visible in this view.
Within each topic are short subheadings or comments, as
well as Web bookmarks and search queries. At the bottom
is access to search engines.

Varieties of Information

In compiling a list of requirements for WEBGUIDE, we
focused on how computer support can help structure the
merging of individual results. Such support should begin
early and continue throughout the research process. It
should scaffold and facilitate the decision-making process
so that students can learn how to build consensus.
WEBGUIDE combines displays of individual work with the
emerging group view. Note that the topic on Aztec Relig-
ion in Figure 1 has been proposed by another student to be
part of the team perspective. Kay has made a virtual copy
of Que's tapic so she can keep track of hiswork related to
her topic. Thethird topicisan ideathat Kay is preparing to
work on hersdf. Within her eectronic workspace she in-
herits information from other perspectives along with her
own work.

Each student should be able to view the work of other team
members as they work on it, not just when it is submitted
to the team. Students should be able to adopt individual
items from the work of other students into their own per-
spective, in order to start the collaboration and integration
process. This can be done with the comparison perspective
(see Figure 2). From early on, they should be able to make
proposals for moving specific items from their personal
perspective (or from the perspective of another) into the
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team perspective, which will eventually represent their
team product, theintegration of all their work.

The Web pages of a student’s personal perspective should
not only contain live link bookmarks and search queries,
but also categories, comments, notes, and summaries au-
thored by the student. All these elements are representa-
tions of what we have abstractly called “items’ of informa-
tion. Comments can optionally be attached to any informa-
tion item. Every item is tagged with the name of the person
who created or last modified it. Items are also labeled with
perspective information and time stamps.

The regquirement that items of information can be copied,
modified, and rearranged presupposes that information can
be collected and presented in small pieces. This is also
necessary for negotiating which pieces should be accepted,
modified, or deleted.

In addition to bookmarks, the WEBGUIDE page can contain
Web search queries for finding current sites on a given
topic. WEBGUIDE is designed to help students learn to do
Web research, and the sharing of successful query formula-
tionsisimportant for that. WEBGUIDE pages are structured
by topic headings or categories for organizing the book-

marks and queries. These categories can initially be created
without any bookmarks or queries as preparation for look-
ing for relevant information, as Kay has done for the topics
of Mexico City and Live Sacrifice (in Figure 1) that she
intendsto research. The categories are structured hierarchi-
cally to create atree of information.

Because of the hierarchical nature of items, something that
appears as a unit of information that can be proposed for
negotiation may actually consist of many parts, some of
which appear differently in different students perspec-
tives. The possibility of information items having a com-
plex but hidden internal structureis required for the inter-
twining of perspectives and negotiation.

Types of Per spectives

WEBGUIDE provides six types of perspectives to help stu-
dents compile their individual and joint research (Figure 2
shows how they are related to each other and to the activi-
ties):

The student’s personal perspective is their private work
space. It inherits a view of everything in the team perspec-
tive. Thus, it displays the owner’s own work within the
context of items proposed or negotiated by the team and
class — as modified by the stu-
dent. Students can each modify
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the team perspective, so that anyone can compare al the
work that is going on. It inherits from the personal, team,
and class perspectives. Students can go here to get ideas
and copy items into their own personal perspective or pro-
pose items for the team perspective.

The negotiation perspective contains al the information
related to the current status of negotiation on the items
proposed for the team perspective. It inherits proposed
items from the team perspective. When they are approved
or rejected at the end of negotiation, their statusin the team
perspective changes. It has the organizational function of
making the process of negotiation more comprehensible.

The history perspective isan archive of all information that
has been entered in WEBGUIDE. It is primarily for the
teacher (or researchers), but can also be used by studentsto
retrieve previous versions of items. It inherits from the
comparison perspective, that contains information from all
the other perspectives.

Of course, there is not really such a multiplicity of infor-
mation in the central database. The perspectives mecha-
nism merely displays the information differently in the
different perspectival Web pages, in accordance with the
relations of inheritance. Organizational information aswell
as content are represented in a consistent way by using the
per spectives mechanism.

Practices and Per spectives

To design software for collaborative learning in schools
means to design curriculum and classroom process as well.
Computer support has to be matched with appropriate con-
tent on the Web and with a constructivist pedagogy [19].
The design of the WEBGUIDE interface and the perspective
and negotiation mechanisms is accompanied by the design
of informative Web pages and of a use scenario.

Figure 2 shows a model of the process involving the
teacher, the students, and tasks using WEBGUIDE. It shows
the relation of individual to cooperative work and the me-
diating roles of the perspective and negotiation processes.

The model in Figure 2 represents the process flows. Stu-
dents research using sources available to them: the Web,
books, encyclopedia, CD-ROM, discussions, or other
sources. Students can review the contents of the class per-
spective, their team perspective, and the personal perspec-
tives of their team mates. All of these contents are col-
lected in the comparison perspective, where they are la-
beled by their perspective of origin. Students extract from
the research those items which are of interest to them.
Then they organize and develop the data they have col-
lected by categorizing, summarizing, labeling, and annotat-
ing. The three stages of investigating, collecting, and edit-
ing can be repeated as many times as necessary.

To support these steps of the work, WEBGUIDE provides a
menu of functionality for each information item. The fol-
lowing menu options are included: show/hide detail, Add a
new item, Movethisitem, Edit thisitem’stext, Deleteitem
, Copy to my perspective, Propose to team, and Negotiate
thisitem.

The class project ends with each team producing an organ-
ized Web site about one of the civilizations. These Web
sites can be used by members of the other teams to learn
about the civilizations that they did not personally re-
search. The sites can also provide a basis for additional
class projects, like narrative reports and physical displays.
Finally, this year’s research products can be used to create
next year's class perspective starting point, so new re-
searchers can pick up where the previous generation left
off — within a World Wide Web that will have evolved
substantially in the meantime.

Negatiation Procedures

A student can make proposals for the team perspective
from the Propose to team option within his or her personal
perspective. Thisis how new items get introduced into the
team perspective. A student can also propose an item from
someone el se's perspective by locating it in the comparison
perspective. If she wishesto modify it, she can first copy it
into her own perspective. If someone wishes to modify an
item that is already in the team perspective, she must copy
it into her own perspective, make the modifications there,
and then propose the modified item.

It should be possible when proposing — just as with copy-
ing —to treat a set of related itemsin one step. It isimpor-
tant to be able to treat a set of proposed changes together.
For example, if a student deletes a bookmark at one spot in
order to replace it with a better, richer bookmark else-
where, then the deletion and the replacement should both
be proposed and negotiated together. Of course, students
should be discouraged from grouping too many items to-
gether.

When a student selects the Propose to team menu option
for an item, a dialog box opens (see Figure 3). The student
can decide whether the new proposal item should be com-
bined with a previous or future proposal. The proposer also
sees alist of all the other students who will be involved in
the negotiation of the item. The determination of who
should be involved is a matter for installation settings that
define alocal negotiation policy. These settings are system
parameters of WEBGUIDE, so they can be easily varied by
teachers or research user communities.

For example, one might want to establish a rule that all
new items must be negotiated by all team members — or
alternatively that they do not require negotiation at all —
while modified items require just those people to partici-
pate who either originally created the item or subsequently
modified it. Another plausible rule would be to accept all
annotations without negotiation.

As soon as an item is proposed, it appears in the negotia-
tion perspective. Through perspective inheritance, it also
appears in the team perspective and in the personal per-
spective of all team members, labeled as Proposed by
name-of-proposer. A student can select the Negotiate this
item menu option for the item to switch to the negotiation
perspective for that item.

There are three windows (see Figure 4). The top window
includes buttons corresponding to the negotiation options:



Accept, Reect, Abstain, and
Let’s talk. The second window
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case, the label on the proposed
item changes to Proposed by name-of-proposer, Let’s talk.
In addition, an automatically maintained agenda of points
for group discussion is extended to include this proposal.

Of course, the primary options are to Accept or Reject the
proposal. It should be noted that a proposal can have been
modified by other group members so that there may be
several versions of the same proposal. If Accept is selected
for one alternative, then all the others are assigned Reject
and the negotiation is over for that student. If Reject is
selected, then the next version of the proposal is displayed.
When several versions are available, a student can either
accept precisely one or reject them all.

After making a negotiation decision, a student should
comment on the reasoning behind her response. All stu-
dents who view the negotiation perspective after that can
see her response with her comment. Although it may not
be sensible in a negotiation situation involving several par-
ticipants to allow cycles of responses to responses because
the negotiation process would quickly become too confus-
ing, WEBGUIDE does allow students (and teachers) to
comment on all actions, including comments on comments.
This alows a simple kind of threaded discussion. Even
after a student has completed her voting on a proposal she
can comment on other peopl€e s choices or change her vote.

The procedure for amending a proposal is a hit involved.
Once a student has rejected all the existing versions of a
proposal, she can modify (see Figure 2) the proposal in her
personal perspective and propose her amended version.
Thisishow more than one version of a single proposal can
become part of the negotiation perspective. Then the new
version will be automatically integrated into the negotia-
tion process of the original proposal. The label of the pro-

posed item will be altered to read, Proposed by name-of-
first-proposer amended by name-of-second-proposer. Stu-
dents who have already voted will see this new label and
can decideif they want to return to the negotiation perspec-
tive and reconsider their vote on this proposal. It might
also make sense to have a more intrusive mechanism to
alert people to newly proposed versions. The design deci-
sion to restrict modifications this way in the negotiation
process results in a simplification of the process. To avoid
confusion, it is only possible to edit the original proposal,
not proposals that already have the label amended. Whilea
proposal can be rejected by its original proposer when she
prefers an alternative version, it cannot be recalled because
that would create an asymmetry between the proposer and
other participants.

The negotiation process for a proposal cannot exceed a
time limit, determined by the negotiation policy parame-
ters. At the end of the time period, the system determines
whether the proposal or a modified version is accepted or
rgected. Again, installation parameters determine what
kind of majority is required: 2/3 of those voting, majority
of those digible, smple majority, etc. If the results are
indecisive, the proposal will be labeled proposed for talk
and added to the discussion agenda. Then students will
have to get together in the classroom and decide what to do
about the proposal. When matters are decided in group
meetings, someone with a special password can enter
changes directly in the team perspective, short-cutting the
computer-supported negotiation process.




WEBGUIDE IN PRACTICE

Cooperative Definition of Keywords for a Bibliographic Da-
tabase

The concept of intertwining perspectives and negotiation is
ageneral one which can betailored to fit many cooperative
work domains. For instance, we have experimented with
the negotiation procedures described above in a system for
use by academic researchers who share a collaborative on-
line bibliography. This system was implemented and used
in our research center at the University of Dortmund. The
system is based on WEBGUIDE mechanisms and functions.

We started with a literature database that was created in
1988 for our research group. It originally contained about
500 entries. The literary references were classified accord-
ing to their content using a set of about 50 keywords. The
database quickly grew to about 3,000 entries indexed by
200 keywords. The quality of the system deteriorated with
this growth: it accumulated duplicate and outdated entries,
many entries were inadequatdly indexed, and the keywords
became overlapping and outdated as well. A clear need for
convergence could be empirically observed.

To address these problems, we created an experimental
new system. Each member of the research group was given
their own perspective on the database of entries and key-

words; they are now responsible for maintaining the infor-
mation they are interested in. Information they are inter-
ested in but do not want to maintain themselves they can
access by virtual links to other perspectives. All literary
references and keywords that one considers important for
the team can be proposed for the team perspective and ne-
gotiated.

Consider the following use scenario: Andy browses the
comparison perspective and finds an interesting keyword,
Ky, from Barbara. He makes a virtual copy of it in his per-
sonal perspective. Andy can now use the keyword to re-
trieve al entriesthat are classified with it. However, before
Andy can use K; himsdf to classify a new entry, he must
make a physical copy of it (Ky = K3). This will protect
Barbara from being affected by Andy’s classification ac-
tivities. If Andy had continued to use a virtual copy of K;
then he would retrieve not only his own but also Barbara's
classifications of K; when he did a search for K;. Andy can
also introduce a new keyword, K3, and propose it to his
team if he thinks it is an important keyword. Even while
his team is negotiating the acceptance of this keyword,
Andy can already begin to classify references using K. If
and when K;is accepted by the team, all the references that
had been classified with Kz will be automatically proposed
for acceptance in the
team perspective for ne-
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Figure 5. WEBGUIDE for negotiating environmental perspectives.
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notify team members



when a new keyword is introduced (even in a personal
perspectives), when someone creates a virtual link to a
keyword, and when someone makes a new proposal.
Proposals make sense not only at the team perspective
level; it is aso useful for one team member to propose
anew item to another team member.
It should be possible to define sub-team perspectives
to represent the interests of small research units and
projects.
Negotiating Environmental Per spectives
We are now using an early implementation of WEBGUIDE
in amiddle school classroom in Denver. (See Figure 5 for
a screen image of this Java applet running on the Web).
For the past five years, this class of students researched the
environmental damage done to mountain streams by "acid
mine drainage’ from deserted gold mines in the Rocky
Mountains above Denver. They actually solved the prob-
lem at the source of a stream coming into Boulder from the
Gamble Gulch mine site. In 1998/99 they investigated the
broader ramifications of their past successes, looking at the
issue of acid mine drainage from various alternative per-
spectives. They interviewed adult mentors to get opinions
from specific perspectives. environmental, governmental,
mine owners, local residents, scientists, etc.

WEBGUIDE serves as the medium through which the stu-
dents cooperatively research these issues with their men-
torsand with each other. Each student and mentor hastheir
personal perspective, and these perspectives inherit from
the content-based perspectives (environmental protection,
governmental regulation, etc.) depending upon which intel-
lectual perspective they are working on constructing. Even
email interactions happen through WEBGUIDE and are re-
tained as notes in its perspectives. The goa of the year-
long course is not only to negotiate within teams to con-
struct the various positions, but also to negotiate among the
positions to reach consensus or clarify differences.

As an initia fied testing of the WEBGUIDE system, this
trial hasresulted in valuable experiencein the practicalities
of deploying such a sophisticated program to young stu-
dents over the Web. The students are enthusiastic users of
the system and offer many ideas for improvements to the
interface and the functionality. Consequently, WEBGUIDE
is benefiting from rapid cycles of participatory design. One
main result is that the possibilities of achieving conver-
gence of the contributions have to be improved. It proved
to be a serious lack that this early version of WEBGUIDE
did not provide support for negotiation. The ideas of the
students diverged within WebGuide and the teacher had to
bring them together and build a consensus during face-to-
face class discussions.

Constructing Per spectives on CSCL

An interdisciplinary graduate seminar on computer media-
tion of collaborative learning is also using WEBGUIDE in
several ways during 1999:

As a communication medium for their internal coop-
eration.
As an example CSCL system to analyze.

As an dectronic workspace for them to construct
their individual and shared idess.
This version of WEBGUIDE stresses the use of perspectives
for structuring collaborative efforts to construct shared
knowledge.

Students in the class can form sub-groups either within or
across their different disciplines. They develop ideas in
their personal perspectives and then debate these ideas in
the various comparison perspectives of their sub-groups.
Here, it isan important result that the comparison perspec-
tives are directly used to conduct a kind of pre-negotiation
process. This helps to determine which notes are promoted
to the class or team perspective.

A magjor hypothesis being explored by the courseisthat the
use of a shared persistent information space can support
more complex discussions than ephemeral face-to-face
conversations.

FUTURE WORK

WEBGUIDE is currently under intensive development and
testing. Now that we have initial demos of our concept, we
are engaging in participatory design with teachers, stu-
dents, and research groups to refine the approach. Initial
evaluation of some of its concepts will be conducted in
middle school, high school, college and graduate class-
rooms in Boulder, Colorado. We will investigate how dif-
ferent features are used in practice. For instance: Do stu-
dents move fluidly and effectively among the different
perspectives? To what extent do students group related
proposals together? How much do students comment on
their negotiation decisions or on those of others? Can stu-
dents handle the process of modifying proposals? We will
also explore different negotiation policy parameters. What
happens to proposals that just one or two students slate for
group discussion? What time limits, voting methods, nego-
tiation participation rules are meaningful and effective?

In parallel with the testing of WEBGUIDE in Colorado, the
system will be used in courses at the University of Dort-
mund. In these courses, future teachers in various disci-
plines will be trained in the fundamentals of computer
technology and its use in the classroom. These teachers-in-
training will gain both theoretical knowledge and practical
experience through their work with WEBGUIDE.

The system for cooperative use of the bibliographic data-
base described above will be developed further and used
on amore regular basis. Thereby, we will explore whether
the concepts there can also be applied to support organiza-
tional memories. As more of the WeEBGUIDE functionality
is implemented and deployed in a variety of CSCW and
CSCL applications, we will see how effective the inter-
twining of perspectives and negotiation can be.
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