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ABSTRACT
The type of collaboration for a group, whether working in
parallel or collectively, is a style for a group influenced by
many factors, among them the technology that the group
works with. In an empirical study using the DOLPHIN
system, we focused on the effect that using hypermedia
structures in an electronic meeting room had on
collaborative style. We found that groups who created
documents using hypermedia were: 1) more likely to divide
up their labor and work in parallel, and 2) to have a slower
frequency of switching between the task phases of planning
and developing ideas. We present a model to explain this
effect of hypermedia on task division which suggests the
involvement of mechanical and semantic components. We
also discuss how DOLPHIN supports awareness of others
people's activities for a parallel collaborative style.
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INTRODUCTION
As the development of electronic meeting rooms provide
more options for how groups can work together, the social
behaviors of groups using these technologies are also
receiving more attention. However, still much needs to be
understood about the effects that meeting room technologies
have on collaborative style. To this end, there have been a
lack of empirical studies investigating collaborative behavior
in electronic meeting rooms. In this paper, we contribute to
this research by reporting empirical results of how the
incorporation of hypermedia functionality into CSCW
technology as realized in the DOLPHIN system affect the
collaborative group process.

Collaborative style and technology
We introduce the notion of collaborative style as a way of

expressing that the type of work arrangement groups adopt,
whether dividing up their labor to work in parallel or
working together collectively, may be a style for a group.
We refer to collective work (especially for synchronous
situations), as when a group works jointly, which is
generally in a serial, turn-taking fashion. A group's decision
to work in parallel or to work collectively may vary with
the situation, the task, the group, and the technology. For
example, the organizational structure, or time pressure on a
group [17] could be situational factors that affect the group's
work arrangement. The type of task, and even task phase
(e.g. [11]) can also influence the group's choice. Even the
type of media used in a task can bias subjects toward a
particular work style [26]. Characteristics of the group also
can influence the work arrangement, such as the roles
individuals adopt in a group [27], maturity of the group
[17], individual group member characteristics, expertise in
different areas, or even the group atmosphere.

Introducing technology to group work seems to have a
general effect of increasing the amount of parallel work.
Activities such as speaking or writing on a chalkboard differ
along two dimensions from using an electronic whiteboard
or workstations where one can store documents: first, the
(intermediary) products are more temporary or fleeting, and
second, a group must use more of its own resources to store
the information, such as relying on the individuals' memory,
personal note-taking, or audio taping. The use of computer-
based media to keep track and to have a permanent record of
work has been shown to increase the tendency for groups to
work in parallel [21, 26]. Perhaps the reduced load on
memory enables group members to work independently
since they don't need to rely on other members to reconstruct
the information. The proximity of users in a technological
environment also seems to influence the collaborative style.
For example, Ellis, Gibbs, and Rein [4] report observing
more parallel work in distributed settings than in face-to-face
sessions, using GROVE, a cooperative text editor.
Experiences with SASSE [1], another collaborative writing
tool, showed that group members divided their work for
certain shared tasks such as scanning for errors, claiming
that it saved them time. Users who had to work in close
physical proximity when using a shared drawing space also



worked in a turn-taking style in order to prevent overlapping
[24].

Costs and benefits of collaborative styles
Both parallel and collective work styles offer costs and
benefits. A potential cost of collective work is that it may
be difficult for the group to keep track of and locate shared
references, especially if the window views are different [25].
It can also hinder the group to wait for its slowest member.
However, through the continual reference to common
objects, the group can maintain a shared focus and context,
providing a large benefit of collective work [21].

With collective work, the group needs protocols for
coordinating its actions. In face-to-face groups, social
information, such as gestures or nonverbal back channel
responses, can serve as coordinating devices for negotiating
actions and maintaining collaborative behavioral norms.
With remote collaboration using technology, this rich visual
information can be lost or dramatically reduced.
Technological protocols can be introduced to reduce
coordination overhead for the group but they generally
impose a turn-taking process [4] and can limit the flexibility
of the group in adopting different collaborative styles.

In parallel work, overhead costs include negotiating
subtasks, keeping track and informed of what others are
doing, coordinating finished work, making mid-course
corrections [25], losing information on how the task is
accomplished, and increasing the potential for conflict [21].
However, despite these overhead costs, parallel work may
offer benefits in performance: work groups experience less
delays [10], take advantage of members´ different expertise,
and increase productivity during brainstorming [2,8]. It has
been proposed that parallel work in brainstorming could
counteract production blocking, when ideas are censured,
repressed, or forgotten, due to turn-taking [8].

The overhead cost of communication and coordination may
actually not be so high for parallel work groups. In real-
world collaboration without technology, dividing a task
actually reduced the communication and coordination
overhead because the members did not communicate the
details of their individual work processes, only the result.
Individuals were able to concentrate on their task
components and only communicate what was necessary [11].

Both collaborative styles complement each other and seem
to be appropriate for different task phases (e.g. [11, 17, 15]).
Therefore, it is important to design systems to provide
adequate support for groups whose work styles may change
with the situation. A collaborative system must be able to
offer users a smooth transition to switch styles when needed.
For example, groups must be able to easily access the
results of parallel work in order to perform collective work.
Although parallel work seems to provide task benefits (work
completed faster, advantages in brainstorming), it also
requires an increased effort to maintain awareness. A system

must be able to provide users with a means for awareness of
others´ work.

HYPERMEDIA AND COLLABORATIVE STYLE
One objective of our research is to investigate how
collaborative style is affected by using hypermedia
structures. This requires to have a system at hand which
provides hypermedia functionality and cooperation support.
DOLPHIN provides hypermedia functionality together with
a graphical presentation of network structures and a pen-
based user-interface including gesture recognition. At the
same time, it is a cooperative system which allows the
separation and/or sharing of information and workspaces via
its CSCW functionality. We propose that the use of
DOLPHIN's hypermedia structures in a cooperative
environment is beneficial to users because not only can they
provide multiple ways and parallel views of a problem
representation [12], but they can also provide an efficient
methodology for groups to work collaboratively.

The design of DOLPHIN was guided by recognizing two
central roles of hypermedia for CSCW: 1) to provide a
representation of the content and subject matter, e.g. in
terms of a hyperdocument, and 2) to also provide a medium
for cooperation and coordination in cooperative work [22].
The goal of this experiment was to investigate how these
roles of hypermedia might affect the collaborative process.

We therefore investigated the effects of adding hypermedia
functionality to what can be considered to be a ”standard”
electronic whiteboard functionality. As a first step, we chose
to add a ”simple” hypermedia node-link model and to use an
electronic meeting room scenario for the experiment.
Hypermedia provides the potential for creating modular
structures which, in a collaborative environment, can be
beneficial for the distribution of tasks among group
members. Nodes and links provide a method for separating
and relating information which we expect would facilitate
parallel work.  We decided to concentrate especially on the
early phases of group problem solving where we could
observe the effects on brainstorming, planning, and
organizing information. According to the distinction made
by Horton et al. [7], the DOLPHIN system functions within
a low structure environment, which does not prescribe a
particular collaborative style to groups. It was our intention
to observe what strategy groups might naturally adopt when
working with shared hypermedia structures.

DOLPHIN IN A NUTSHELL
The DOLPHIN system developed at GMD-IPSI in
Darmstadt [23] can be characterized as a combination of
these features:

- a hypermedia system,
- a pen-based user interface,
- a cooperative system, and
- a meeting room environment.



A hypermedia system. DOLPHIN provides scribbles, text,
nodes and links. Scribbles are created by freehand writing or
drawing [e.g. exclamation marks, figures like boxes, circles,
arrows, tables, etc). A text is a string of ASCII characters.

DOLPHIN documents begin with a top node corresponding
to the highest level of the document. Nodes consist of a title
and a content which we call a page. Pages are composites
that can contain scribbles, text, nodes and links. A page is
of virtually unlimited size and is displayed in a scrollable
DOLPHIN window. DOLPHIN provides operations for
creating, editing, selecting, moving, copying, pasting and
deleting scribbles, text, nodes and links. Links connect
different nodes contained in one or in different pages.
Following a link leads to the destination node’s page and
displays it in a new DOLPHIN window.

With these types of objects and operations, users may create
different structures, ranging from hierarchically nested
structures, i.e. each node at a level of the hierarchy contains
the nodes of the next lower level (forming tree-like
structures) to nonlinear structures where nodes are included
in the content of several other nodes (thus constituting
nonlinear graph structures). Users can also create graphical
arrangements of objects in each node's content. Fig. 1 shows
an example screen created by a group during the experiment.

All objects are represented in a general hypermedia data
model and stored by an underlying cooperative hypermedia
server. For further technical information, see [23] and [6].

A pen-based user interface. The pen-based user interface of
DOLPHIN provides gestures for creating, deleting, moving,
and selecting objects as well as for opening a node‘s content
(i.e. displaying its page in a new DOLPHIN window). An
always visible menu with buttons for cut-copy-paste
operations, closing of DOLPHIN windows, and erasing of
scribbles is provided at the edge of each DOLPHIN window.

A cooperative system. When working with DOLPHIN,
users can work on the same DOLPHIN document by
accessing a common cooperative hypermedia server. Users
will automatically share the content of a node they opened
individually if it is already in use by other users. Thus,
those  pages are used as a public workspace in a loosely
coupled mode (i.e., users can scroll and operate
independently but share all changes of the objects on such a
page). Users can decide whether they want to use 1) a public
workspace by opening a shared node or 2) a private
workspace by opening a different node not used by others.

In order to support group awareness, DOLPHIN provides so-
called "activity markers" [19]. Each node on a page is
displayed with the list of the names of users who currently
have opened this node (see node "administration" with name
tag "Hans" in Fig. 1). Thus, it is easy to see on which
components/nodes of a page other users are working. Since
they know in advance whether a node is already in use (by
seeing the activity markers), users can either actively begin
or join a collaboration or avoid it by not opening such a
shared node. However, groups can also agree on generally
not entering nodes used by others or by generally not
entering nodes carrying a specific prefix in its name (e.g.,
"private" or the user's initials).

Within a shared workspace, DOLPHIN supports concurrent
operations performed by different users, thus, they can
modify/delete any object on the shared page. Shared access
and active update/synchronization of concurrent DOLPHIN
windows displaying the same page are provided by
DOLPHIN's cooperation layer. All changes to the
DOLPHIN hypermedia document are reflected in the
hypermedia server and made persistent.

A meeting support environment.  DOLPHIN supports co-
located as well as distributed meetings [23]. In our electronic
meeting room (the OCEAN Lab), participants are seated
around a table with a large interactive, electronic whiteboard
facing them on one end of the table and workstation

Figure 1: Example screendump from a DOLPHIN page Figure 2: Photo of OCEAN Lab as used in the experiment.



computers mounted into the table. We use a Xerox
Liveboard [5] as a hardware basis. Figure 2 shows the
setting at the time of the experiment. The current version of
the OCEAN Lab ”roomware” accommodates now a
Liveboard and four computers. The DOLPHIN system runs
on the electronic whiteboard and on the networked
computers. The electronic whiteboard can serve as a group
focus [18] while the individual workstations enable private
and public work.

METHOD OF THE EXPERIMENT
This investigation of hypermedia and collaborative style was
part of a larger study examining the effects of hypermedia on
group work in which we also measured cognitive variables
and characteristics of the documents produced [see 12].

Sett ing
Subjects worked with DOLPHIN as a multi-user application
shared between the Liveboard and networked computers. One
subject worked on the Liveboard and two subjects were
seated at the workstations.

Design
In order to study the effects that using hypermedia structures
have on the group process, a between-subjects design was
used. Subjects worked in groups of three, with eight groups
per condition. Subjects were told that they could choose to
work in any style they wanted and were given no
restrictions. Groups were assigned to two conditions which
correspond to two different functionalities of DOLPHIN:

Nonhypermedia structures (N-Condition). Subjects received
training only in the "standard" electronic whiteboard
functionality. Here, DOLPHIN offers scribbles with the pen
(and mouse) and typed text using a keyboard. Subjects could
work only in one large window at one level, but could scroll
to any area of the window and could scroll to different views
independently from each other if they preferred (this
corresponds to a relaxed WYSIWIS functionality [20]).

Hypermedia structures (H-Condition). Subjects received
training both in the nonhypermedia functionality of
DOLPHIN (see above) as well as in the additional
hypermedia structures consisting of nodes and links.
Subjects were shown how to create hypermedia structures by
creating, copying and pasting nodes and links.

Subjects
A total of 48 subjects participated, mostly students of the
Technical University in Darmstadt, and some from the staff
of GMD-IPSI, of whom most had received their university
degree within three years. The latter subjects were recruited
from IPSI departments other than where the DOLPHIN
system was being developed. Subjects were not paid.
Subjects were assigned to conditions so that students and
staff were randomly distributed among the groups. No
significant differences were found in subjects' computer
experience, or age between the conditions.

Procedure
Subjects first received a 40-minute training session on the
system functionality. In both conditions, subjects were
shown examples of information structures on the Liveboard
as possible information structures that one can create with
the DOLPHIN system: e.g. a "network" structure. We tried
to match the structures in both conditions as closely as
possible so as not to create bias. In the N-Condition, the
structure was created with handwritten words and drawn
arrows; in the H-Condition, the same structure was created
with nodes and links. Subjects were shown additional
"matched" examples so that they could see that they could
also use scribbles in the H-condition. At the end of the
training, subjects worked on a 20-minute practice exercise.
The practice exercise consisted of concepts associated with
ordering food in a restaurant, and subjects were told to
practice using the functionality to organize these ideas any
way they like. In the H-condition, subjects practiced
creating, opening, closing, and moving nodes, and the use of
the pen to draw on the Liveboard. No systematic
collaborative styles were observed during training.

As a task, subjects were told to design a "library of the
future" for the city of Darmstadt. They were to prepare a
proposal, which did not have to be in the form of a finished
text document. After training, groups were instructed to
spend the first 20 minutes in brainstorming and were read
standard instructions for this task [16]. Subjects then were
told to spend 40 minutes structuring and developing their
ideas which they had generated during brainstorming. In both
conditions, subjects were told that they could order their
ideas into categories or graphical arrangements using the
functionality that they had learned. It was emphasized that
subjects in both conditions could structure their ideas any
way they preferred, using their own strategy, and were not
bound to any particular format.

Measures and evaluation infrastructure
A specialized evaluation tool was developed to analyse
concurrent activities of group members in the lab. First,
screendumps were taken from every workstation and the
Liveboard every 15 seconds by a snapshot program. In
addition, the total view of the meeting room was videotaped.
An observer also took notes during the meeting. The
screenshots from the workstations and the Liveboard plus
the videotape were digitized into Quicktime movies on a
Macintosh computer. The evaluation tool can play one or all
of the four streams available, resize the active video window,
play the sound in parallel to the video, and synchronize the
screen content of all participants to each other and to the
video and audio track. One can play the video streams
backwards or forwards, or jump to a particular point in the
meeting for closer observation. In addition to observing the
videotapes for the group process, we measured the length of
time in seconds of system use by each group member.



Coding
For system use, we used one coder, since the coder had to
simply observe start and end times of system use, and we
felt that this was an objective measure that could be done
competently by one coder. When there was any question
about the data, the data was checked by a second coder.

RESULTS
General observations: hypermedia use, parallel work, and the
division of labor. We observed that parallel work occurred in
five of the H-groups (one of these groups worked only a
short time in parallel, the rest of the time collectively) but
not in any of the N-groups. By parallel work in our
experiment, we refer to users working in separate areas of
the document at the same time. In the H-Condition, this
refers to opening up separate nodes and working there. In the
N-Condition, this refers to scrolling to a different area of the
page and working there. This difference between conditions
is highly significant (chi-square(1) =7.28, p<.001).

When the H-groups worked in parallel, they generally used a
clear division of labor, in which subtasks were assigned to
each member. We will discuss this process in more detail
shortly. In contrast to the H-groups, only one N-group
proposed a task division but none used a clear division of
labor. With this exception, all N-groups began immediately
working on the task together as a group without discussing
other options of working.

Temporal patterning and group operations. When system use
was plotted in five minute intervals, we found system use to
increase for the H-groups in one of these intervals, generally
around 20 minutes into the structuring task (Figure 3). We
found no such pattern with the N-groups, whose system use
showed a uniform distribution.

                Average Time for Workstation / LiveBoard Use

Figure 3: System Use Averages for H and N conditions. Length
of time of system use (in seconds) is plotted in five-minute
intervals for thirty minutes of the group meeting.
The differences in temporal patterning were a clue to us that
qualitative differences were occurring in the different group
conditions. To explain our further observations, we now
make a distinction between two types of proposals for group
action which members can raise [13]. A ”content proposal”
refers to a proposal which concerns how a group can
organize or generate content in terms of how to solve a task,
such as ”We could enumerate the main points first, and then
sort the ideas under these main points”. In contrast, a
”process proposal” refers to the group organization and how
it can carry out operations. These proposals include, for
example, (but are not limited to): assigning subtasks to
members, suggesting that the members work in parallel, or
proposing which roles members should adopt, such as
leader.

We found a general correspondence between the peak in
system use and the introduction of a process proposal in the
H-groups. In five out of the eight H-groups, one member
introduced a process proposal which proposed a clear
division of labor, that is, dividing the task into subtasks and
assigning it to group members. The proposals appear to
have been a catalyst for the groups to carry out their plans
and system use increased as a result.

Whereas we generally found a correspondence between the
introduction of a proposal for parallel work and actual
parallel work, there were some exceptions (see Table 1).
Although group H7 made a process proposal, the group
ended up working collectively. Group H6 did not introduce
proposals but worked in parallel, each member adding
content to separate nodes. No clear process proposal could be
identified from the videotape. However, the group appeared
to work more haphazardly than those groups who worked on
the basis of a clear process proposal.

Condition Process
Proposals

Parallel
Work

Top-Down
Strategy

H-Groups

H1 Yes-P Yes Yes

H2 No No No

H3 Yes-P Yes Yes

H4 Yes-P Yes Yes

H5 Yes-P Yes Yes

H6 No Yes Yes

H7 Yes-P No Yes

H8 No No No

N-Groups

N1 No No No

N2 No No No

N3 Yes-C No No

N4 No No No

N5 No No Yes

N6 No No No

N7 No No Yes



N8 Yes-P No No

Table 1. Relationship between parallel work, introduction of a
process proposal for parallel/collective work, and use of top-
down strategy in H- and N-groups. Yes-P=proposal for parallel
work, Yes-C=proposal for collective work

Group example. The way that H-groups divided up their
labor was actually quite similar. The groups first identified
the superordinate concepts, and then assigned group
members to develop specific superordinate concepts. The
assignment was based on various criteria, such as according
to members’ interests, or by work area.

The following dialogue illustrates how one group arrived at
the conclusion to divide up the task. Group H3 divided the
task into two subtasks: developing a conventional, and an
electronic library. The group then assigned group members
to work on these two areas:

Subject 2 (workstation 1): We do it the following way: we
have two categories: conventional and electronic. Then,
we can take a second page where one has very many ideas
which are networked under one another, e.g. we have
media. When one clicks on that, then comes the
”offerings” of the conventional library....How can we do
that the best?...How to divide it up? We can copy it and
then continue writing ...no, that won‘t work.

Subject 3  (workstation 2): That‘s exactly what I thought
the whole time. It‘s irrational, that one works, one looks
on, and the other has nothing to do.

Subject 2: How can we solve this? We‘re all now on the
same page...we could in principle write out the ideas that
we discussed.....Now it‘s clear how it can work. One can
do the conventional and the other the electronic...If we
would be a project group, then we would delegate it in any
case. One would do that, and the other would do the other.

For this group it appeared very clear how they could divide
up the task, i.e. by assigning superordinate concepts to
members and working in separate nodes. The other groups
who worked in parallel tended to follow similar patterns.
And yet none of the N-groups used a clear division of labor.
In group N3, the person working at the Liveboard asked the
group at the outset ”should we work together?” and the
members agreed. Without further discussion or consideration
of other modes of working, the group worked together
creating an outline for their ideas. Group N8 was an
interesting example of a group having a sense that they
should divide up their labor, but not knowing how to go
about doing it. We will come back to this point in more
detail later. It was our observation that neither of the N-
groups‘ proposals were at the level of detail comparable with
those of the H-groups.

DISCUSSION
A summary of a typical group process using the hypermedia
functionality can be described as follows. During
brainstorming, all groups worked collectively. During the
planning session, H-groups worked collectively discussing
what superordinate (i.e. main) concepts to create. After the

superordinate concepts were selected, and indicated by being
created as nodes, five of the groups divided up the task and
worked in parallel, one group soon switching to collective
work. After a period of elaborating the superordinates, the
groups began to work collectively again, discussing new
points, verifying what the other subgroup had done, or
clarifying, e.g. under which superordinate a particular idea
would be more appropriate.

We found a correlation between the use of a top-down
strategy and parallel work (see Table 1). We define a top-
down strategy as one in which all or most of the
superordinate concepts are chosen by the group right at the
outset, during an initial planning phase. Once these are
chosen, the group elaborates them. We interpret this
correlation to mean that the identification of the
superordinates right from the start made it clear for the group
how to divide up the task, i.e. by assigning superordinate
concepts to different group members to develop. In contrast,
the strategy of the N-groups reflects their collaborative style:
it was more fluid. Most of the N-groups set up a
superordinate concept in a planning phase, then developed it
collectively. The group then planned a second concept,
developed that, and so on.

Fig. 4 shows this difference between the conditions in a
hypothetical illustration of the frequency in which the
collaborative styles shifted between task phases. Most of the
H-groups had a distinct planning phase, followed by a
distinct organizing and development of ideas phase, followed
again by a planning phase, where members communicated
about their individual work. In contrast, the shift between
planning and development in the N-groups occurred at a
much higher frequency. Thus, we see that the frequency in
which N-groups shifted between task phases was far higher
than in the H-groups, who spent a longer time in the
organizing and development phase. If there is an overhead
cost for a group in shifting between phases, then this would
mean an advantage for the H-groups who had a lower
frequency of phase shifting. This advantage is supported by
other measures which showed that groups working with

P D P

P P PDD

H-Groups

N-Groups

Duration of meeting (time) →

Figure 4: Hypothetical shift of collaboration style over the
duration of the meeting for both conditions. P stands for
Planning and D stands for Developing.



hypermedia produced documents that were more deeply
elaborated [12].

Although it would have been more optimal for H-groups to
work in parallel during brainstorming they did not.
Interestingly enough, one N-group worked in parallel by
dividing the Liveboard into three columns and this group
produced a large number of ideas. Our results suggest that
without specific instruction, unlike the experiment by
Hymes and Olson [8] who specifically assigned groups
parallel work, groups working with DOLPHIN in a low-
structure environment prefer to brainstorm collectively.

The collective nature of the planning of H-groups is similar
to other results found with real-world planning [11, 17].
However it is unclear why our results are different than those
found in the Capture Lab [7], where groups engaged in little
planning discussion for writing. The results could be due to
different tasks, or to differences in technology. We now
discuss why the division of labor might have occurred during
the information structuring and developing phase.

Task demands during training
It is of course always possible that subjects behave a certain
way because they believe that the experimenter expects them
to act that way. We looked back to the training sessions to
see if we inadvertently communicated expectations to
subjects. First of all, both conditions were given the same
training, which involved presenting subjects concepts which
have to do with ordering food in a restaurant. In both
conditions the words were presented on the large screen of
the Liveboard and subjects were instructed to organize the
words any way they chose trying out the functionality that
was demonstrated to them. Subjects in the H-Condition were
not specifically instructed to open separate windows
(corresponding to separate nodes). Although some subjects
in these groups experimented with the functionality of
opening and closing nodes, they did not split up their labor
during the training sessions. It is our belief that the subjects
did not make a connection between opening new nodes and
splitting up their labor during training. The most
convincing evidence of all to us was that during
brainstorming (the phase directly following training) no
groups in the H-Condition worked in parallel. If the groups
believed that it was expected of them to work in parallel,
then we should have seen division of labor during
brainstorming, which actually is optimal for groups. It was
also the case that no H-Groups used nodes and links during
brainstorming, which also convinces us that during training
we did not communicate expectations that they must use the
hypermedia structures. The fact that these two things did not
occur convinces us that we can rule out the training as an
explanation for the division of labor.

Multiple windows
Since groups in the H-Condition were able to work in
multiple windows, this could explain why the groups
worked in parallel when organizing and elaborating their

information. Similar results of groups working in parallel in
the organizing and development phase were found by Olson
et al. [15] when using ShrEdit and by Horton et al. [7] in
the Capture Lab. Both of these systems offer multiple
windows. In the N-Condition, groups could use multiple
views, but they were of different regions of the same
"infinitely" scrollable 2-dimensional large screen. It is
possible that it is not due to the specific hypermedia
functionality, but rather the availability of opening multiple
windows that triggered the H-groups to work in parallel.
Without further experimental evidence, we cannot rule this
possibility out.

However, some of the results lead us to believe that the
explanation is more complex than this. First of all, multiple
windows were available during brainstorming, but H-groups
did not work in parallel. It was only after the H-groups
formed the superordinate concepts using hypermedia nodes
that five of the H-groups introduced a proposal to divide up
their labor. We propose that the clear separation of concepts
into nodes served as a device for clarifying how groups could
separate the task, i.e. by assigning superordinates to group
members. However, the separation of concepts alone was
also not enough of an explanation, as evidenced by the one
N-group who also separated their superordinates and then
proposed dividing up their labor:

Subject 2 (workstation 1): We could divide the screen
(referring to the Liveboard) up into four parts.... No,
that‘s not good.

Subject 1 (Liveboard): How can we best do this? ....  Could
we erase my part and leave your parts in (referring to the
workstation screens)? ....No, that‘s also not good, because
everyone sees it. We could make three parts, or four parts,
and then divide it up.

Subject 3 (workstation 2): I have everything on my screen
that we want to see.

Subject 2: One can dictate, and the other write. Everything
is visible.

The group then proceeded to work collectively without any
further consideration of how the brainstormed ideas could be
divided up into three or four parts, or who should be
assigned which parts. Subject 2 did propose establishing
roles, i.e. of a scribe and dictator, although these roles were
not assigned. Despite the fact that subject 3 proposed
working on her workstation, most of the writing was done
on the Liveboard, and some of it on workstation 1.  

Although for this group it was clear how the superordinate
concepts could be assigned, the means for doing it was not
and the group ended up working collectively. It is our view
that the N-condition lacked a clear way of separating and
highlighting ideas (although in this one case, the group did
notice a separation) and that it also lacked a clear method for
working in parallel. Although N-groups could work in
multiple regions of the same large window, we believe that
it is cumbersome to scroll to a separate working area. The
fact that five H-groups compared to one N-group proposed



working in parallel suggests to us that H-groups noticed the
clear separation of ideas in nodes. This may have ”triggered”
the proposals to divide up the work. The dialogue of the H-
group described earlier in the Results section illustrates how
the group was aware of the separation of concepts. The
group referred to ”two categories“ (i.e. two nodes), and
discussed ”delegating“ the work accordingly.

The pattern of dividing and delegating the task by the
content area of the nodes suggests to us that the method for
how they could work in parallel was also clear. Both facts
together suggest to us that a semantic as well as mechanical
aspect is involved in the explanation. In the next section, we
present what we believe is a more comprehensive
explanation of the results and discuss the consequences.

THE SUPPORT OF COLLABORATIVE
STYLES WITH DOLPHIN
In order to explain how the use of hypermedia in the
DOLPHIN system affects the early phases of group work,
we propose the following model representing the
relationship between the different processes (see Figure 5).

Hypermedia and the  division of labor
We distinguish between two major sets of activities: the
problem solving activity and the writing activity. Problem
solving refers here to those cognitive processes involved in
planning the group's work and selecting a strategy,
especially for the brainstorming and categorization part of
the overall task. Writing refers to the actual creation of
content, such as ideas, and to the organization of
information into an overall structure of what is, in the end, a
hypermedia document. This includes defining categories and
assigning ideas to them or creating ideas for previously
defined categories. Furthermore, it refers to creating
relationships between information elements, thus creating a
structured document. Assuming this distinction, we propose
that the provision of hypermedia functionality, in our
experiment via DOLPHIN, affects these processes in the
following way.

The availability of hypermedia functionality enables the
group members to create nodes, to add content to the nodes,
and to create links between the nodes. Nodes function in two
roles. First, they simply provide a "mechanical" trigger in
terms of a container which can hold items. This can
stimulate people to put things into boxes so that they can
be viewed in a separate window. Second, and more
important, nodes serve as "semantic" triggers via their name
or label. It can be more or less telling or precise but it
provides additional means for the structuring task which is
part of the writing activity as well as of the problem solving
activity.

This facilitates a writing style which will result in a highly
modular document structure as the final product of the
group. Modularity in turn suggests dividing the work
between the group members, creating modules in parallel,
and integrating them at a later stage. On the other hand, the

availability of hypermedia functionality during the planning
stage appears to bias the group toward using a top down
strategy for organizing and structuring their ideas. The use of
this problem solving style involves choosing the
superordinate concepts at the beginning of the task.
Adopting this strategy at the outset of the task provides a
natural way for groups to divide the work, namely, by
assigning the superordinate concepts to group members.

Thus, we have two effects resulting from hypermedia
functionality which amplify each other. The node structures
provide a clear, visually presented separation of the overall
workspace, where it is easy to identify and access other
members' workspaces. On the other hand, these modular
node structures are ideal candidates to represent the
superordinate categories. The combination of these effects
provides a clear way to divide up the work and work in
parallel. There is also a return effect. The ease of sorting and
accessing information via the node structures, along with the
availability of links, in combination with the top down
strategy has an impact on the characteristics of the
document, resulting in a very modular document.

We found some evidence which suggests that groups who
divided up the labor tended to produce more in the limited
time they had to work on the task [12]. In a longer task, we
expect the variability associated with the factors of this
model to become reduced. Although only five of the groups
divided up their labor in this experiment (plus one group
proposing to do so), we expect that in a task longer than 40
minutes, a higher percentage of groups would divide up the
labor for efficiency. This can be tested in future work.

Once people work in parallel, the issue of how everyone can
be informed about who is doing what and where and when
arises. In the next section we discuss the role of group
awareness and how it is provided in DOLPHIN.

Group awareness
Group awareness is a critical feature for collaboration. As
Dourish and Bellotti [3] noted, awareness of other group
members‘ activities is fundamental  for coordination of
activities as well as for the sharing of information.
Regarding the collective and parallel collaboration styles it
is not clear how much and exactly which awareness
information needs to be presented to the group members to
enable effective collaboration. In the case of parallel work it
is (a) necessary to present enough awareness information for
minimizing conflicts and enabling synergy effects, but at the
same time (b) since too much information about other
members activities may result in an information overload,
the amount of awareness information must be limited [11].
Only if both aspects are considered, would we expect that a
productivity gain can be achieved. One drawback of dividing
labor in a collaborative hypermedia effort is the potential for
repeating unnecessary work, e.g., working in separate areas
of a hypermedia document. Although in our experiment
little redundancy was found, it should be pointed out that the



groups created a relatively small hypermedia document. In a
large hyperdocument redundancy may be more likely.
Despite the clear separation of superordinate nodes among
the members, the ease of copying nodes could create
overlaps, e.g., ”information access from home” may be
categorized under ”technical services” and ”loan services”.
However, the advantage of hypermedia is that these concepts
can be linked together or used in multiple contexts to
express relationships. Communication about users‘ node and
link creation is extremely important in order to ensure that
logical links are formed.

Dourish and Bellotti [3] introduced the workspace-based
shared feedback approach for providing awareness
information by presenting feedback on operations in the
shared workspace (and not in separate windows or media). In
DOLPHIN, we realize a shared feedback approach by
showing who is working in a page through activity markers
and the user list of a DOLPHIN window, and by
immediately sharing the effects of operations in a shared
workspace. We combine this with using the shared
hypermedia structure for supporting the decomposition and
coordination of shared and parallel work.

We consider the presentation of the overall structure in
DOLPHIN, consisting of superordinate nodes connected by
links or graphical notation, as a primary means for
communicating (a) the information structure chosen for the
decomposition of the group's work, and (b) an overview of
where everybody is currently working (showing the names
of the members currently working in a subordinate node as
activity markers). Both pieces of information help to

• retain an overview of what is going on - but without
knowing exactly what others' are doing in other
subordinate nodes,

• decide whether they should open a specific subordinate
node - either for starting to work alone in a subordinate
node currently not used, or for beginning a collaboration
with somebody already working in a subordinate node,

• to integrate results produced in parallel by others, since
everybody knows from the overall structure where other
results are.

To characterize the scope of awareness information we
introduce the distinction between "local" and "global"
awareness. Both concepts are relative terms constituting a
spectrum of awareness. While global awareness refers to
general information about the activities of other group
members in the shared document (e.g., just that somebody is
working somewhere else), local awareness refers to more
detailed information about concurrent activities in the current
shared workspace of a group member (e.g., who is doing
what in the actual DOLPHIN page). In the spectrum from
more local to more global awareness, DOLPHIN is located
at the more local awareness end. In DOLPHIN the notion of
overview structure is defined locally. At each level of the
document, the current page displays the structure (nodes and
links etc) of its constituents (i.e., subordinate nodes). This
page is usually displayed in a group window. Now, group
members can decide either to work together (in the current
page or by opening together subordinate nodes) or to work
in parallel in different subordinate nodes (by opening these
individually in new windows), or to split into subgroups
(thus achieving a mixture of both cases).

Activity awareness provided by DOLPHIN is therefore
limited to one level of the document's structure. The window
presenting the parent page communicates awareness
information about the states of the subordinate nodes
displayed in separate DOLPHIN windows. This restricts
group awareness naturally to the current scope of work of
each group member. If group members decided to open a
window for each page of a document, they could be aware of
every action even in remote parts of the document. But this
would be achieved at the cost of a dramatic information
overload. Thus, there is a fine balance between the
availability of information which could be potentially useful
for coordinating work and the information overload.
DOLPHIN allows users to decide the amount in
correspondence with their current needs. However, in some
situations group members might want to know what other
users are doing in other subordinate nodes and thus, extended
activity awareness might be helpful.

CONCLUSIONS
While much still needs to be understood about collaborative
behavior in synchronous work, we have found that the use
of hypermedia structures facilitates groups to divide up their
labor and work in parallel, especially during the early
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problem-solving phase of idea development. These groups
were not only more likely to use a top-down strategy in
planning, but also to submit proposals on how to divide up
their work and carry them through. The switch between
planning and developing phases also occurred more often in
hypermedia than in non-hypermedia groups. In this context,
parallel work may offer advantages since the hypermedia
documents were also found to be more deeply elaborated.
While we introduce the notion of collaborative styles,
adapting to environmental and group conditions, we hope
that this will set a direction for CSCW to investigate further
factors that might influence a group to adopt different
modes, and what effect this has on work.

FUTURE WORK
With respect to further empirical evaluations, we are
currently (winter 1995/96) running an experiment where we
investigate the following three conditions of using the full
DOLPHIN functionality: LiveBoard only, only networked
computers for each participant, and the combination of
LiveBoard and networked computers for everyone. We further
plan to investigate how hypermedia can affect later phases of
problem solving, e.g., in medium range and longterm
collaboration, and public vs. private work. We also like to
test the generalizability of our results with ad-hoc groups by
working with ”real-world” groups. With respect to the
further development of the DOLPHIN system, we are going
beyond local meeting rooms to more comprehensive
scenarios of what we call "ubiquitous meetings" [9]. Here,
we are coupling several distributed meeting rooms and
remote desktop partners via ATM-based networks.

ACKNOWLEDGMENTS
The authors thank the following people for their invaluable
help for running the experiment at GMD-IPSI in Darmstadt:
J. Geißler, P. Rexroth, C. Neuwirth, M. Will, E. Teich, A.
Stein, W. Möhr, A. Bapat, L. Kirchner, C. Schuckmann,
and J. Schümmer.

REFERENCES
1. Baecker, R. M., Nastos, D., Posner, I, Mawby, K. L.

(1993). The user-centred iterative design of collaborative
writing software. Proc. of INTERCHI ‘93 , pp. 399-405.

2 . Dennis, A.R., Valacich, J.S., and Nunamaker, J.F. (1990).
An experimental investigation of the effects of group size
in an electronic meeting environment. IEEE Transactions
on Systems, Man, and Cybernetics, 20, 1049-1057.

3 . Dourish, P. & Bellotti, V. (1992). Awareness and
Coordination in Shared Workspaces. Proc. of CSCW'92,
(Toronto, Nov. 1-4, 1992), 107-114.

4 . Ellis, C.A., Gibbs, S.J., Rein, G. L. (1991). Groupware:
some issues and experiences. Communications of the ACM,
(34) 1, 39-58.

5 . Elrod, S. et al. (1992). LiveBoard: A large interactive
display supporting group meetings, presentations and
remote collaboration. Proc. of CHI'92. pp. 599-607.

6. Haake, J., Neuwirth, C., Streitz, N. (1994). Coexistence and
transformation of informal and formal structures:

Requirements for more flexible hypermedia systems. Proc.
of ACM European Conference on Hypermedia Technology
(ECHT‘94). Edinburgh, pp. 1-12.

7 . Horton, M. , Rogers, P., Austin, L., Brimm, D.,
McCormick, M. (1991). The impact of face-to-face
collaborative technology on group writing. Proc. of 24th
HICSS, pp. 298-307.

8 . Hymes, C. M., Olson, G. M. (1992). Unblocking
brainstorming through the use of a simple group editor.
Proc. of CSCW '92, pp. 99-106.

9 . Johannsen, A., Haake, J., Streitz, N. (1996).
Telecollaboration in Virtual Organisations - The Role of
Ubiquitous Meeting Systems. GMD Arbeitsbericht No. 974.

10.Kiesler, S. and Sproull, L. (1991). Connections: New ways
of working in the networked organization.  MIT Press.

11.Kraut, R., Galegher, J., Egido, C. (1988). Relationships and
tasks in scientific research collaborations. Proc. o f
CSCW‘88, pp. 1-12.

12.Mark, G., Haake, J., Streitz, N. (1995). The use of
hypermedia in group problem solving: An evaluation of the
DOLPHIN electronic meeting room environment. Proc. o f
European Conf. on CSCW (E-CSCW’95) , pp. 197-213.

13.Mark, G. (1992). The generation of idea proposals: an
illustration in a negotiation setting. EDS Center for
Advanced Research Technical Report, Cambridge, MA.

14.Olson, J., Olson, G., Storrosten, M., Carter, M. (1993).
Groupwork close up: A comparison of the group design
process with and without a simple group editor. ACM
Transactions on Information Systems, Special issue on
CSCW, T. Malone & N. Streitz (Eds.). 11(4):321-348.

15.Olson, J.S., Olson, G., Storrosten, M., Carter, M. (1992).
How a group-editor changes the character of a design
meeting as well as its outcome. Proc. CSCW'92, pp. 91-98.

16.Osborn, A. F. (1957). Applied Imagination. New York:
Charles Schribner‘s Sons.

17.Posner, I.  Baecker, R. (1992). How people write together.
Proc. of  25th Hawaii  Conference on System Sciences.

18.Rein, G. L., Ellis, C. A. (1989). The Nick experiment
reinterpreted: Implications for developers and evaluators of
groupware. Office: Technology and People, 5(1), 47-75.

19.Schütt, H., Haake, J.M. (1993). Server Support for
Cooperative Hypermedia Systems. H. P. Frei, P. Schäuble
(Eds.) Hypermedia. Proc. of Hypermedia'93 conference
(Zürich, March 2-3, 1993), Heidelberg: Springer, pp. 45-
56.

20.Stefik, M., Bobrow, D., Foster, G., Lanning, S., and Tatar,
D. (1987). WYSIWIS revised: Early experiences with
multiuser interfaces. ACM Transactions on Office
Information Systems, 5(2):147-166.

21.Stefik, M., Foster, G., Bobrow, D., Kahn, K., Lanning, S.,
Suchman, L. (1988). Beyond the chalkboard: Computer
support for collaboration and problem solving in meetings.
Communications of the ACM, 30(1), 32-47.

22.Streitz, N. (1994). Putting objects to work: Hypermedia as
the subject matter and the medium for computer-supported
cooperative work. In M. Tokoro & R. Pareschi (Eds.),



Object-Oriented Programming (ECOOP’94), Lecture Notes
in Computer Science 821. Berlin: Springer, pp. 183-193.

23.Streitz, N., Geißler, J. Haake, J., Hol, J. (1994). DOLPHIN:
Integrated meeting support across Liveboards, local and
remote desktop environments. Proc. of CSCW‘94, 345-
358.

24.Tang, J. (1991). Findings from observational studies of col-
laborative work. Int. J. Man-Machine Studies, 34:143-160.

25.Tatar, D. G., Foster, G., Bobrow, D. G. (1991). Design for
conversation: lessons from Cognoter. Int. J. Man-Machine
Studies, 34:185-209.

26.Whittaker, S., Brennan, S., Clark, H. (1991). Coordinating
activity: An analysis of interaction in Computer-Supported
Cooperative Work. Proc. of CHI’91, pp. 361-367.

27.Zigurs, I., Kozar, K. (1994). An exploratory study of roles
in computer-supported groups. MIS Quarterly, 277-297.


