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Abstract

In this paper, we report on an empircal evaluation of selected aspects of DOLPHIN, a
meeting room environment of computers networked with an electronic whiteboard Our
results show that in a face-to-face meeting, the use of DOLPHIN's hypermedia
functionality changed the nature of the product and the way groups worked, compared to
using only electronic whiteboard functionality Groups organized therr ideas into network,
rather than pure hierarchical, structures. These were more deeply elaborated, contained
more 1deas, and had more relationships between the ideas. The problem solutions were
also judged to be more onginal. Groups were more likely to use a top-down planning
strategy, and to exhibit a different temporal work pattern. The results suggest that work
groups can benefit from using hypermedia in problem solving

1 Introduction

The design of DOLPHIN is grounded in a conceptual framework which tries to
bring together the research areas of CSCW and hypermedia. While a wide range
of collaborative work can benefit from the approach taken, one can characterize
our starting point as support for document-based activities, i.e., work where
documents are either produced or are used as means during group work.
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In our approach, we use the notion of "documents” in a very general and
comprehensive way. Documents are not only traditional memos, letters, articles,
or books, but they also include sets of scribbles and drawings on a whiteboard or
an overhead transparency, and collections of information items which can contain
multimedia elements (pictures, audio, video) which are usually available in
electronic formats. In general, we consider documents to be hypermedia
documents. This implies the possibility of employing nonlinear network
structures of complex relationships (links) of information components {(nodes) as
it is defined by the concept of hypertext (Nielsen, 1995). We consider hypermedia
as the subject matter to be created and used as well as a medum facilitating
computer-supported cooperative work (Streitz, 1994). Defining relationships
between different tasks, coordinating and assigning tasks to different group
members, commenting and communicating on the progress of parts of the overall
work activities, and much more, can be represented as hypermedia structures. At
the same time, this information can be linked to the (hyper)documents which are
created and used in the course of group activities.

From a CSCW perspective, we currently focus on the support for face-to-face
meetings and their equivalents facilitated by telecooperation techniques resulting
in distributed "virtual meetings". Observing the central role of public displays as
they are provided by overhead projectors and whiteboards in face-to-face
meetings, we investigate what kind of added value could be provided by using an
electronic, i.e. a computer controlled, whiteboard. Another line of research for
computer support in face-to-face meetings focuses on providing a computer to
every participant in the room. Using common application software, each
participant can actively enter, edit, and use information while sitting in the
meeting room. Our approach is based on recognizing that a combination of these
two scenarios is needed, i.e., an interactive electronic whiteboard and computers
for each participant. As group activities are dynamic, rather than static, their
support requires a high degree of flexibility. Flexibility can be provided in many
ways. It is our view that hypermedia systems are able to provide this flexibility
and serve as an ideal basis for building the next generation of cooperative
information systems.

From a hypermedia perspective, flexibility translates into investigating which
class of hypermedia structures should be provided for supporting group work. A
prominent aspect is the modularity and inherent annotation capability of
hypermedia structures. Hypermedia allows for flexible decomposition,
restructuring, and reuse of components in a dynamic fashion. Decomposition can
be used for domain structuring as well as for structuring the division of labour in
the group. Another aspect of flexibility refers to the degree to which a system is
able to provide a wide range of structures in accordance with the requirements of
the tasks, thewr coexistence and means for transformation (Haake et al., 1994).
Combining these requirements, we propose to provide a basic node-link
hypermedia model for structure representation. In addition to and coexistent with,
we support more informal ways of communication by "free form" scribbling,
drawing, gesturing, etc. as is the case on (electronic) whiteboards. Since
DOLPHIN is a cooperative hypermedia system, this range of flexible structures
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can be used by each group member simultaneously at the workstation and/or at
the public electronic whiteboard. DOLPHIN'S collaboration functionality provides
shared workspaces between all group members with an additional distinction
between private and public workspaces (Streitz et al., 1994).

The evaluation of DOLPHIN is concerned with a unique combination (to our
knowledge) of physical setting and cooperative hypermedia functionality.
Nevertheless, we can relate our approach to forerunners in the development of
relevant technologies. Due to space limitations, we cannot discuss these systems
in detail. These include CSCW environments such as ColL ab (Stefik et al., 1987),
the Capture Lab (Mantei, 1988) and the NICK project (Rein & Ellis, 1989). A
recent example meeting our criteria of an electronic whiteboard is the LiveBoard
(Elrod et al., 1992), in combination with appropriate software, e.g., Tivoli
(Pedersen et al., 1993). Software supporting cooperative activities include
GroupSystems (Nunamaker et al., 1991) and ShrEdit (McGuffin & Olson, 1992).
We can also include systems primarily used in telecooperation situations, e.g.,
ClearBoard (Ishii et al., 1993), cooperative hypermedia systems, e.g., DHM
(GrOnbaek et al., 1994), SEPIA (Streitz et al., 1992), or collaboration in
distributed design (Marmolin et a., 1991).

2 Motivation and gods for the evaluation experiment

In order to obtain relevant feedback for the revision of the current design of
DOLPHIN, we planned an evaluation experiment addressing basic design
decisions, especially related to the support of group problem solving. Since we
consider the role of hypermedia structures to be highly relevant for the design of
CSCW systems, we focused the experiment on the effects of adding hypermedia
functionality to what can be considered to be standard on an electronic
whiteboard. We chose to study the effect of adding a 'simple’ node-link model
(see section 3). This is motivated by our focus on supporting processes especially
in the early phases of group problem solving such as problem exploration, idea
generation, information structuring, and adding/reducing information elements.

We propose that the use of hypermedia structures is beneficial because it
provides multiple ways and parallel views of a problem representation.
Psychological evidence suggests that the quality or accuracy of the problem
solution is dependent on the appropriateness of the external problem
representation (Newell, 1980, Schwartz, 1971, Streitz, 1985) and that the problem
solving process is facilitated by opportunities for multiple views and
representations of the problem structure (Gick & Holyoak, 1983, Mayer &
Greeno, 1975). We investigated whether DOLPHIN'S hypermedia functionality
compared to DOLPHIN without hypermedia functionality could yield a different
problem representation in terms of how information is structured. This resulted in
two conditions of the experiment: our implementation of more or less standard
electronic whiteboard functionality vs. this functionality in combination with
additional hypermedia structure functionality. We concentrated on the early
phases of group problem solving.



