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ABSTRACT

Collaborative work typically involves both individual and
group activities. Computer support for perspectives allows
people to view and work on a central information reposi-
tory in personal contexts. By intertwining perspective and
negotiation mechanisms, individual results can be system-
atically merged into a group product while work continues.
Personal perspectives on shared information are thereby
intertwined and merged into a shared group understand-
ing.

WWEBQUI DE 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.
The application domain of WeBGUI DE is web research by
teams of middle school students.

Keyworls
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SW P ORT FOR N) Wi UAL AND
PERSFECTME S

The World Wide Web (the web) provides an obvious me-
dium for collaborative 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 means for bringing
our individual knowledge together to build a shared under-
standing and collaborative products. The web must be en-
hanced with perspective and negotiation mechanisms to
accomplish this.

GROUP

The term perspective means that a particular, restricted
segment of an information source is being considered,
stored, categorized, and annotated. In the realm of collabo-
rative work, it is important to intertwine personal perspec-
tives with each other. An individual can do this by taking
into account the perspectives of others or by adopting part
of another person’s perspective within one’s own. It is also
possible to merge several perspectives into one common
one. In this paper, we explore the possibility of providing
computer support for intertwining perspectives in collabo-
rative work.

Our approach combines previous research we conducted
individually on computer support for perspectives [27] and
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for negotiation [14, 15]. Computer support for perspectives
allows people in a group to interact with a shared infor-
mation source; everyone views and maintains their own
perspective on the information without interfering with
content displayed in the perspectives of other group mem-
bers. The problem is that perspectives of group members
tend to diverge instead of converging as work proceeds.
Computer support for negotiation can help by alowing
members of a group to communicate about what informa-
tion to include as mutually acceptable. The problem with
negotiation is that 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 shared information
sources. We propose an approach to intertwining the
mechanisms of perspectives and negotiation to help col-
l[aborative groups intertwine the personal perspectives of
their members into an effective shared network of per-
spectives on task-relevant information.

Readers Guide
This paper describes the application of intertwined per-
spectives and negotiation to a collaborative research proj-
ect in amiddle school classroom.
The next section characterizes perspective and nego-
tiation mechanisms that the authors developed inde-
pendently in the past.
This is followed by a section on related work, to dif-
ferentiate our mechanisms from others.
Then the student research project is described and
requirements for computer support of this kind of
collaborative work are discussed.
The structure of perspectives in our prototype is pre-
sented and tied in to corresponding classroom prac-
tices.
Next, procedures and mechanisms are discussed for
students to make proposals for negotiation.
The paper concludes with future work, introducing our
software into the classroom and evaluating its use.



PREVDUS WORK ON
NE GOTRTDN

This paper integrates two previous approaches. collabora-
tion using perspectives and negotiation of shared informa-
tion.

PERSECTMES AND

P erspectives
The most important characteristics of Stahl's [27] per-
spective mechanism are:

1. Individua team members have access to what appears
to be their own information source. This is 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 per-
spective inherited by that perspective).

2. 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 changes in A’s perspective as well. How-
ever, if A modifies the item, a new item is actually cre-
ated for A, so that B’s perspective is not changed. This
arrangement generally makes sense because A wants to
view (or inherit) B’s item, even if it evolves. However,
B should not be affected by the actions of someone who
copied one of B’sitems.

3. 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.

4. When A creates avirtual copy of an item from B’ s per-
spective, A can decide if she will also get virtual copies
of items related to that one, or if she will create her
own subnetwork for her copy of that item. Arbitrarily
large subnetworks of information can be inherited with
no overhead in time or memory using the virtual copy
mechanism.

5. Items of information can be created, edited, or deleted
by users within the current working perspective.

6. New perspectives can be created by users. Perspectives
can inherit from existing perspectives. Thus, a team
perspective can be created that includes virtual copies
of al contents of the inherited perspectives of the team
members. There is an inheritance tree of perspectives,
descendants inherit the contents of their ancestor per-
spectives. Changes (additions, edits, deletions) in the
ancestor are seen in descendent perspectives, but not
vice versa. A hierarchy of team, sub-team, and individ-
ual perspectives can be built to match the needs of a
particular application.

This model of perspectives has the important advantage of
letting team members inherit the content of their team’s

perspective 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 one's
own perspective. It has frequently been noted in computer
science literature [5, 10] that different stakeholders en-
gaged in the development and use of a system (e.g., de-
signers, testers, marketing, management, end-users) al-
ways think about and judge issues from different perspec-
tives and that these differences must be taken into account.

However, if one wants to influence the content of team
members perspectives, then this approach is limited be-
cause one cannot change someone else’s content directly.
It is of course important for supporting collaborative work
that the perspectives maintain at least a partial overlap of
their contents in order to reach successful mutual under-
standing and coordination. The underlying subjective
opinions must be intertwined to establish intersubjective
understanding [29,13].

Neg otia tion

The concept of computer-mediated negotiation addresses
the problem of making changes to a system design or an
information source when the changes may conflict with the
interests of others. Such a change must first be proposed by
someone. The same software that is used to prepare and
propose the change should also inform the people affected
and help them to respond to the proposal. According to
Herrmann [14], the following options for voting and dis-
cussion should be offered:

Accept the proposal.

Reject the proposal.

Modify the proposal.

Accept the proposal until it is withdrawn.

Interrupt the computer-supported negotiation process
in order to discuss the matter face-to-face.

Each of the above options can be accompanied by
commenting on the choice.
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This concept of negotiation was originally developed for
situations in which two users of a computer system discuss
whether a system feature should be implemented or not.
This approach was intended to support “controllability”
and “suitability for individualization” (cf. 1SO 9234, Part
10) for groupware. Such negotiation can take place in
multiple cycles of the proposer and the responder reacting
to each other. Negotiation rules must be established to de-
fine how many negotiation cycles can take place, how
much time is allowed 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 simple modifi-
cations of proposals as quickly as possible and to deter-
mine as efficiently as possible which proposals require a
more intensive communication process. This provides a



common starting point from which cooperation can pro-
ceed.

A disadvantage of this negotiation mechanism is that it
was designed for just two people. If applied to several par-
ticipants, 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
to work in their own perspective while awaiting the results
of negotiations. This allows the negotiation mechanism to
be extended to small groups.

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

Hypertext a nd Hyperm edia -

Hypertext and hypermedia structures provide an important
mechanism for supporting collaborative work with shared
materials. To some extent, this is provided by the web it-
self, although many hypertext mechanisms have been ex-
plored that go beyond the web's simple model [2]. The
origina perspectives mechanism of Stahl [27] is a hyper-
media implementation, based on a node and link structure;
relationships 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 “vir-
tual copying” or “ delta storage” is well-known in system
software [9], but was not previoudy used in CSCW hy-
permedia systems.

Context M echanism s

The importance of perspectives in collaborative work has
been recognized at a theoretical level by Boland [5, 6] and
others, primarily based on the hermeneutic tradition in
philosophy: Heidegger and Gadamer [see 27]. The appli-
cation 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 tran-
sclusion was proposed by Nelson [20] for hypertext.
McCall applied a similar approach for organizing hyper-
text information by domain and version in PH DI AS [19].
Stahl extended McCall’s approach in HERVES [27], imple-
menting a hypertext version of virtual copying in a pro-
ductivity tool for professional design teams. He subse-
guently adapted this mechanism in Cl E, a collaborative
information environment for supporting peer group man-
agement of SO 9000 documentation [26].

Com puter Supported Colkborative Lea ming

A number of software systems have been developed to sup-
port collaboration of research teams in schools; CSCL [17]
has become an important new research direction within
CSCW. CSI LE [23], for instance, is a threaded discussion
system customized to scaffold classroom research. Systems
like Covi s [21] and CAM LLE [25] aso provide a shared
workspace or notebook area for collecting research 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 repository. When
such systems talk about “perspectives’, they mean different
representations of the same information, rather than views
of information related to different individuals or groups.
The WeBGUI DE system detailed below is in the CSCL tra-
dition, but brings a new concept of perspectives as well as
support for negotiation.

Omaniztiona IM em ories

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 communi-
cation mechanisms [1,18]. 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 negotiate which items from existing perspectives
should be included for use in the new project.

GroupLens

GRoUPLENS [22] is typical of approaches that try to auto-
mate the construction of perspectives. It displays available
information in accordance with individual or team prefer-
ences. Statistical analyses are used to automatically deter-
mine 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 members with similar
interests. In our approach, information is automatically
assigned to perspectives only in the sense that a perspec-
tive can inherit entire other perspectives and that when one
makes a virtual copy of an individual item one can inherit
the subnetwork of items related to that item. Rather than
relying entirely on automated mechanisms, WeBGUI DE al-
lows active selection or modification of information by
users.

ConflictManagement

The above approaches lack any computer supported nego-
tiation mechanisms. Wulf [32] adopted Herrmann's ap-
proach to support of negotiation and developed it for con-
flict management in groupware. Wulf distinguishes vari-
ous ways in which a groupware user can avoid or reduce
the effects of another user’s actions. However, we believe
that it should always be possible for users to react to each
other, at least by commenting. Ideally, these reactions back



and forth should take place with support from the same
system that presents the content under discussion.

D ecisionand M eeting Support

The clearest parallel to computer-supported negotiation is
decision support and meeting support systems [11]. In
these systems, one can respond to proposals from others by
extending them with one’s own proposals or amendments.
One can aso annotate the proposals. In more elaborate
systems, such as those derived from ARGNOTER, [28] one
can classify one’'s annotations as pro or con the argument.
Several systems count votes for or against a proposa [8].
Sen, et al. [24] describe an application of this for meeting
scheduling. Our negotiation mechanism shares many fea-
tures with these decision support systems, but does so
within a systematic context of individual and group per-
Spectives.

SW P ORTNG COLLABORATM STUDE NT RE & ARCH
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 URLs they found during
their web research. The larger issue was how to support
team projects. The more we discussed computer support
for collaborative student web research, the more compli-
cated and detailed the issues became. To facilitate our own
collaboration we adopted two representations. (1) formal
modeling of the software procedures, data elements, and
social context; (2) design of a detailed user interface using
HTML. You will see both representations in the remainder
of this paper.

The result of our collaboration is an interface design for
WeBQUI DE [31], a web-based prototype that integrates per-
spective and negotiation mechanisms to support collabora-
tive learning. 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
student research project is well suited to illustrating the
power of intertwining perspectives and negotiation: it
shows the level of complexity that our approach can han-
dle.

Sixth grade provides an exciting and challenging venue for
this kind of software because the students are just starting
to acquire adult cognitive skills and they are open to new
experiences. The WeBGUI DE system is designed to make
explicit and scaffold for students the structure of web re-
search, team collaboration, personal perspectives, and
group negotiation that they may be experiencing for the
first timein their lives.

WeBQUI DE is a glorified web bookmark manager [16] and
electronic notebook application [30], enhanced with per-
spective and negotiation mechanisms as described below.
Students can conduct web searches, collect, annotate, cate-

gorize, and organize bookmarks for sites they like. They
can summarize or excerpt the web page contents (there is
no need to copy the full contents because it is already
available through the active bookmarks). Students are en-
couraged to use the facilities of WeBGUI DE to make the
results of their research more self-explanatory for them-
selves and their team mates by defining a hierarchy of
headings or categories, arranging bookmarks under these,
and adding concise summaries of the content or impor-
tance of the bookmarked sites.

Figure 1 shows a view of a student’s personal perspective
in V\eBGUI DE. 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.

In compiling a list of requirements for VWeBGUI DE, 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 a consensus.
WeB@GUI DE combines displays of individual work with the
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Figure 1. Part of Kay's personal perspective in
WEBQGUI DE.



emerging group view. Note that the topic on Azt ec Re-
['igion in Figure 1 has been pr oposed by other stu-
dents to be part of the team perspective. The other two
topics are ideas that Kay is preparing to work on herself.
Within her electronic workspace she views information
from the team perspective 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. From early on, they should be able to make pro-
posals for moving specific items from their personal per-
spective (or from the perspective of another) into the team
perspective, which will eventually represent their team
product, the integration of all their work. The next section
discusses how thisis supported in V\eBGUI DE.

The requirement 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. Figure 2 presents a schematic model
of the information elements that are relevant for WWEBGUI DE
and that may appear on a page. The web pages of a stu-
dent’s personal perspective should not only contain click-
able bookmarks and search queries, but also categories,
comments, and summaries authored by the student.

As indicated in Figure 2, a bookmark can have a title as
well as the link to a URL. A note icon can optionaly be

Webguide page

Information item browsing
category function
- - editing
information function
item
Bookmark
- <« | comment
Title URL
«<P«
note-symbol
3
JAssignment
search-hint
originator
name of search-
engine —

Figure 2. Data structure for a basic WeBGUI DE page.

attached as well (the hexagonal symbol indicates an op-
tion). This icon represents a link to another web page that
might contain an extract, summary, or commentary to the
bookmarked site, authored by the student and possibly in-
corporating information from readings or discussions. In
addition to bookmarks, the WEBGUI DE page can contain
web search queries for finding current sites on a given
topic. WeBGUI DE is designed to help students learn to do
web research, and the sharing of successful query formu-
lations is important for that.

WEBQUI DE pages are structured by topic headings or cate-
gories for organizing the bookmarks and queries. These
categories can initially be created without any bookmarks
or queries as preparation for looking for relevant informa-
tion, as Kay has done for the topics of Mexico City
and Li ve Sacrifice (inFigure1l) that sheintendsto
research. The categories can be structured hierarchically to
create an information outline, as indicated by the recursive
embedding of i nf or mat i on it eminthe model (Figure
2).

Comments can optionally be attached to any information
item. Every item is tagged with the name of the person
who created or last modified it. Items are also labeled with
perspective information. Furthermore, there is a set of
functions which can be used to edit the information items.

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 structure is required for the in-
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Figure 3. The WeBGUI DE table of contents (left) and
part of the team perspective.



Class
Perspective,

Aztec
Comparison

History
Perspective,
Negotiation
Perapective

Jay's
Perspective

The power of the perspectives mechanism comes from the
inheritance relations among these six different kinds of
perspectives. Figure 4 shows these relations for the Aztec
team and three of its members:

The team perspective is pivotal. It includes accepted
and proposed items. It gradually collects the products
of the whole process.

Each student’s personal perspective inherits a view of
everything in the team perspective. The students can
each modify (add, edit, delete) their virtual copies of
team items in their personal perspectives. They can
also create completely new material there.

The comparison perspective inherits from the per-
sonal, team, and class perspectives. Students can go

Figure 4. Automatic inheritance relations among the
different perspectivesin WeBGUI DE.

tertwining of perspectives and negotiation. The internal
complexity is handled by the perspective and negotiation
mechanisms behind the scenes of the WEBGUI DE interface.

While fairly complicated manipulations may be going on
behind the scenes, the interface attempts to present arela
tively clean metaphor of perspectives and negotiation. Fig-
ure 3 shows a view of the WEBGuUI DE table of contents,
which is always visible as a frame on the left. The table of
contents lists communication media and information re-
trieval tools that are bundled into WWeBGUI DE. As part of
this list of tools, the six perspectives that let students com-

here to get ideas and copy items into their own per-
sonal perspective or propose items for the team per-

Spective.

The negotiation perspective inherits proposed items
from the team perspective. When they are approved or
rejected at the end of negotiation, then their status in

the team perspective changes.

The history perspective 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-

pile their individual and joint research are also listed:

nism merely displays the information differently in the
different perspectival web pages, in accordance with the

1 Thekstudent’s personal perspective is their private relations of inheritance.
work space.
2. The team perspective contains both items that @@
have already been accepted by the team (like the
Astronony & Sci ence topic in Figure 3) performing the task # # / cooperation
and items that are currently proposed for nego-
tiation (the other topicsin Figure 3). individual work ‘7
3. The class perspective is created by the teacher Ly negotiating
to start each team off v_wth some initial book- . Cesmc)
marks and S‘Jggeg:ed topics. data of others ST Cabstain
4. The comparison perspective combines all the ; Caccept Lreject)
persona perspectives of team members and the @
team perspective, so that anyone can compare k L ‘;’"me”" /j
all the work that is going on. ) | O
5. The negotiation perspective contains all the T‘K N
information related to the current status of ne- infor- 4 .” Y 5 ]
- . i comparison individual .
gotiation on an item proposed for the team per- mation perspective | | perspective negotiatin team
spective. L peshecti || pepectie
6. The history perspective is an archive of al in- page. | L S‘a‘ei{my >
formation that has been entered in WBGUI DE. It B to
is primarily for the teacher (or researchers), but beshece - -
can aso be used by students to retrieve previous o) perspective Y
versions of items. !

Figure 5. Model of the task performance and perspectives.



PRACTCESAN) PERSPECTME S

To design software for collaborative learning means to
design curriculum and classroom process as well. Com-
puter support has to be matched with appropriate content
on the web and with a constructivist pedagogy [7, 12, 23].
The design of the WeBGUI DE interface and the perspective
and negotiation mechanisms is accompanied by the design
of informative web pages and of a use scenario.

Figure 5 shows a model of the process involving the
teacher (represented by “T7), the students (*S’) and
WEBQUI DE. It shows the relation of individual to coopera-
tive work and the mediating roles of the perspective and
negotiation mechanisms.

Figure 5 shows the process flow. Students research using
sources available to them: the web, books, encyclopedia,
CD-ROM, discussions, or other sources. Students can re-
view the contents of the class perspective, their team per-
spective, and the personal perspectives of their team mates.
All of these contents are collected in the comparison per-
spective, where they are color-coded and labeled by their
perspective of origin. Students extract from the research
those items which are of interest to them. Then they or-
ganize and develop the data they have collected by catego-
rizing, summarizing, labeling, or annotating. The three
stages of investigating, collecting, and editing can be re-
peated as many times as necessary.

To support these steps of the work, WWeBGUI DE provides a
menu of functionality for each information item. The fol-
lowing menu options are included:

show hi de detail applies to most items within
any perspective. It means that all items below the
given item in the information hierarchy should be dis-
played/hidden.

Add a new it embrings up adialog displaying the
context within which the item is to be added. The stu-
dent can select what type of item to add, specify atitle,
and type the new text. Such dialogs are intended to
scaffold the student’s work, providing a structure of
small tasks to perform in accomplishing a larger goal.

Move this itemEdit this itenis text,
and Del ete itemallow students to configure web
page representations of the knowledge they are con-
structing. Each of these options involves a dialog box
that accepts further specifications.

Copy to ny perspective offers the choice of
copying a single item, such as a category, or copying
all the items under that category as a group to one's
personal perspective.

Propose to team and Negotiate this
i t emare discussed in the following section.
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Figure 6. A dialog for proposing an item for negotia-
tion.

The class project ends with each team producing an or-
ganized 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 web information space that will have evolved
substantially in the meantime.

P ROP OSALSFORNE GOTRTDN

A student can make proposals for the team perspective
from the Propose to team option within his or her
persona perspective. Thisis how new items get introduced
into the team perspective. A student can also propose an
item from someone else’s perspective by locating it in the
comparison perspective. If she wishes to modify it, she can
first copy it into her own perspective. If someone wishes to
modify an item that is aready in the team perspective, she
must copy it into her own perspective, make the modifica-
tions there, and then propose the modified item.

It should be possible when proposing—just as with copy-
ing—to treat a set of related items in one step. It is impor-
tant to be able to treat a set of proposed changes together
even if they are not related. For example, if a student de-
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Figure 7. The Negotiation Perspective.

letes a bookmark at one spot in order to replace it with a
better, richer bookmark elsewhere, then the deletion and
the replacement should both be proposed and negotiated
together. Of course, students should be discouraged from
grouping too many items together.

When a student selects the Propose to team menu
option for an item, a dialog box opens (see Figure 6). The
student can decide whether the new proposal item should
be combined with a previous or future proposal.

The proposer also sees a list of all the other students who
will be involved in the negotiation of the item. The deter-
mination of who should be involved is a matter for instal-
lation settings that define a local negotiation policy. These
settings are system parameters of WWEBGUI DE, so they can be
easily varied by teachers or other user communities. For
example, one might want to establish a rule that all new
items must be negotiated by al team members—or alterna-
tively that they do not require negotiation at al—-while
modified items require just those people to participate who
either originally created the item or subsequently modified

it. Another plausible rule would be to accept all annota-
tions 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 Pr oposed by
nanme- of - pr oposer . A student can select the Nego-
tiate this itemmenu option for the item to switch
to the negotiation perspective for that item.

No editing of the proposal is alowed in the negotiation
perspective. Rather, there are three windows (see Figure
7). The top window includes buttons corresponding to the
negotiation options: Accept, Rej ect, Abstai n, and
Let’ s tal k. The second window displays the proposed
item or items within the context they would have in the
team perspective once accepted. The bottom window con-
tains the results of negotiation decisions already made
about the proposal and the commentary of team members
concerning these decisions

Several negotiation responses to the proposal are possible
at this point. A negotiator can indicate that she abstains,
that she does not care to participate in the negotiation.
Alternatively, she could indicate with Let’ s tal k that
she would like to discuss the proposal face-to-face in the
team. In the later case, the label on the proposed item
changes to Proposed by name-of-proposer,
Let’s tal k. In addition, an automatically maintained
agenda of points for group discussion is extended to in-
clude this proposal.

Of course, the primary options areto Accept or Rej ect

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
Rej ect and the negotiation is over for that student. If
Rej ect 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 severa
participants to alow cycles of responses to responses be-
cause the negotiation process would quickly become too
confusing, WeBGUI DE does allow students (and teachers) to
comment on all actions, including comments on com-
ments. Even after a student has completed her voting on a
proposal she can comment on other people’s choices or
change her vote.

The procedure for amending a proposal is a bit involved.
Once a student has rejected all the existing versions of a



proposal, she can modify the proposal in her personal per-
spective and propose her amended version. Then the new
version will be automatically integrated into the negotia-
tion process of the origina proposal. The label of the pro-
posed item will be atered to read, Proposed by
nane- of -first-proposer amended by nane-
of - second- proposer. Students who have aready
voted will see this new label and can decide if they want to
return to the negotiation perspective and reconsider their
vote on this proposal. It might also make sense to have a
more intrusive mechanism to alert people to newly pro-
posed versions by event mechanisms. The design decision
to restrict modifications this way in the negotiation process
results in a simplification of the process. It is only possible
to edit the original proposal, not proposals that aready
have the label anended. Otherwise, things would become
too confusing. While a proposal can be rejected by its
original proposer when she prefers an alternative version,
it cannot be recalled because that would create an asym-
metry 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
rejected. Again, installation parameters determine what
kind of majority is required: 2/3 of those voting, majority
of those eligible, simple majority, etc. If the results are
indecisive, the proposal will be labeled pr oposed for

t al k 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 en-
ter changes directly in the team perspective, short-cutting
the computer-supported negotiation process.

FUTURE W ORK

We now have an interface design mock-up that shows sev-
eral typical perspective views [31]. Although the menu
functionality for the perspectives and negotiation is not
implemented, the dialogs showing planned options can be
seen in Kay’s personal perspective and in the Aztec nego-
tiation perspective. One can see how illustrative contents
show up under different perspectives and observe certain
stages of negotiation.

WeBGUI DE will be further implemented in 1998/99. Now
that we have an initial demo of our concept, we will en-
gage in participatory design with teachers over the summer
to refine the approach. Initial evaluation of some of its
concepts will be conducted during the term in middle
school classrooms in Boulder, Colorado. We will investi-
gate how different features are used in practice. For in-
stance: Do students move fluidly and effectively among the
different perspectives? To what extent do students group
related proposals together? How much do students com-
ment on their negotiation decisions or on those of others?

Can students handle the process of modifying proposals?
We will also explore different negotiation policy parame-
ters: What happens to proposals that just one or two stu-
dents date for group discussion? What time limits, voting
methods, negotiation participation rules are meaningful
and effective?

Certainly, the full concept of negotiation has to be drasti-
cally smplified if middle school students are to succeed
with it. The textual description of intertwining perspec-
tives and negotiation in this paper is complex indeed, even
for adult computer scientists to think about. We assume
that the ideas can be made more intuitive in a CSCW sys-
tem with a carefully designed interface.

While we want the structure of perspectival views and ne-
gotiation options to be made explicit to students as they
begin to develop critical thinking skills, we hope that
much of the mechanism for implementing them can be
hidden from view behind intuitive interface metaphors. We
will have to introduce the functionality of WWeBGUI DE into
the classroom gradually, working closely with teachers and
students, and creating a curriculum and classroom process
to complement it. This process will reveal opportunities for
simplifying the system and making it more useful and us-
able.

If we are successful in creating an effective WWBGUI DE
system for twelve year olds, we will have learned much
that is relevant to developing usable mechanisms for in-
tertwining perspectives and negotiation in other domains
of collaborative work and collaborative learning.
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