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Abstract: We report about an empirical study that investigates the role of different 
"roomware" configurations on the products and processes of meeting room collaboration. 
The configurations were realized by different combinations of providing computers and a 
large interactive electronic whiteboard. In this study, 48 subjects working in teams of four 
were assigned to three experimental conditions: four workstations networked and 
mounted in the table (WS), a LiveBoard (LB), and a networked combination of computers 
and LiveBoard (WS+LB). The results show that the teams in the WS+LB condition pro­
duced better quality work, in particular, generating more ideas than in the other two condi­
tions. They also employed a more effective distribution of different cooperation modes. 

1 Introduction 
Research and development in the area of CSCW aims at the support of coopera­
tion, communication and coordination of groups, but a large number of studies 
and development efforts in this field result in design decisions for software run­
ning on a computer on the desktop of an individual. The design focuses on what 
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happens on the screen of this computer and how to interact with the software. Of 
course, the software supports multiple users and the interface has special coop­
erative features, but the desktop computer in an individual office is more or less 
the default situation. This trend is even increasing in the age of networked com­
puter systems and Internet-based applications, where people do not have to be in 
one physical location in order to work together but can be distributed over multi­
ple locations, in a multitude of individual offices. This way, people can share in­
formation and interact with one another although being apart. There are, of course 
and without any doubt, a number of serious advantages of software support for 
these settings bridging physical distances. We have worked and are still working 
ourselves in this area, e.g., on support for so called "virtual organizations" 
(Streitz, 1996; Johannsen et al., 1996). 

The case of distributed cooperation settings covers only part of the full range 
of group work situations. We have argued before (Streitz, 1994) that comprehen­
sive real world group activities involve all four combinations of the well-known 
same/different matrix of time and place and that system design should also ad­
dress the transitions between different cooperation situations. For example, real 
face-to-face meetings (same time, same place) still play an important role, espe­
cially in the initial and later on often in critical phases of group work. Face-to-face 
meetings require a certain physical setting, usually a room which can accommo­
date all group members participating in the meeting. Beyond a certain size a tra­
ditional meeting room requires some furniture (tables, chairs, etc.) and some 
standard equipment (e.g., flipcharts, whiteboards, overhead projectors, etc.) pro­
viding the functionality needed to conduct meetings. It is known that the ergo­
nomics of the physical design of these rooms including size and shape of the 
table, issues of lighting and acoustics, etc. are important for the quality of meet­
ings. 

Introducing computer-based technology into such a setting results in what has 
been called "electronic meeting rooms" (e.g., Nunamaker et al., 1991). It requires 
that the physical design of meeting rooms and the arrangement of equipment in 
the rooms have to be viewed from a new perspective. While the traditional ergo-
nomic aspects are still important, one has to make new decisions on: which kind 
of computer equipment, how much of it, and where it should be positioned? Since 
computers are not the only type of equipment to be considered, we speak in gen­
eral of "information devices", i.e. devices allowing information to be created, ed­
ited, and displayed. In order to have a term for the combination of information 
devices, furniture, walls, etc., we call the sum of these physical objects and their 
relationships constituting these settings "roomware". 

We emphasize the general point that it is not sufficient to design only software 
when designing computer-based support for group work settings but that one has 
to pay equal attention to the roomware. We cannot discuss the role of all items 
making up the roomware in general in this paper. Instead, we will focus on those 
aspects relevant for the experiment reported in this paper. 
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In a face-to-face meeting situation, one can, in principle, distinguish between two 
kinds of "information devices" available to meeting participants: 

- personal devices: these are usually available and visible only to one person. 
Examples are paper and pencil; paper documents brought along by a specific 
person; personal computers, notebooks, PDAs with documents in electronic 
form. 

- general/public devices: these are used for displaying information so that it is 
visible to all people present in the room. Examples are whiteboards, the pro­
jection of transparencies via an overhead projector/slide projector, TV moni­
tors showing video tapes or large screens for showing movies. Since some 
time, projection units are used for displaying the content of computer screens. 
Usually, they allow only to passively display information to the audi­
ence/participants. More recently, there are also devices which allow to interact 
with the displayed information using the hand or a cordless pen, modifying or 
creating new information. Examples are the Xerox Liveboard (Elrod et al., 
1992) and the SMART Board (SMART Technology). 

Different scenarios for electronic meeting rooms have employed different 
roomware configurations. For our purposes, we distinguish between three major 
configurations: networked computers only, large passive or interactive public dis­
plays, and the combination of these two sets of information devices. There are 
situations in which only or primarily networked personal computers are provided 
to the participants (e.g., Olson et al., 1993; Nunamaker et al., 1991), in most cases 
one computer for each participant. In other configurations, an additional large 
passive display is provided showing the content of one participant's window or a 
general public window. Examples are the CoLab (Stefik et al., 1987) and the 
CaptureLab (Mantei 1988). In some cases, the public display is operated by a 
moderator/facilitator (Nunamaker et al., 1995). Other scenarios provide an active 
large electronic whiteboard/blackboard. An early version is the electronic black­
board in the NICK experiment (Rein & Ellis, 1989). While the NICK experiment 
included also a condition which provided only workstations for the participants, 
there was no condition with a combination of all devices. Most scenarios involv­
ing interactive electronic whiteboards concentrate on providing and using only 
one large display (Pedersen et al., 1993) operated with a pen, sometimes addition­
ally operated by a scribe using a notebook on the table (Moran et al., 1996). There 
is also the obvious but seldomly realized configuration of providing a large inter­
active display and personal computers to all participants and networking all de­
vices with each other. This is the standard setup in our OCEAN-Lab at GMD-IPSI 
(see figure 1 in the description of the experiment). The functionality of the soft­
ware used in the different scenarios differs also widely. It differs in the degree of 
and mechanisms for sharing information between different screens, the range of 
information types available (ascii text, scribbles, hypertext/media nodes and links, 
multimedia, etc.), and the types of interaction possible (keyboard/mouse-based, 


