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Abstract:

1.

This chapter explore how new kinds of displays can be developed to enable
collaborative interactions. The chapter explores the research issues
surrounding the development of a range of different display systems before
focusing on the physical affordances of different display arrangements. In
order to this we classify existing systems into three main types before
providing detailed discussions of research prototypes drawn from our own
work.

INTRODUCTION

In the last few years, advances in screen technology have resulted in a
much wider range of affordable displays becoming available, providing new
opportunities for supporting co-located working, learning and socializing.
These include front and back projected wall displays, large flat panel
displays, plasma screens, interactive electronic whiteboards like Smartboards
(Smart 2003) and Mimio, and digital tabletop systems. Exploiting these
technologies to facilitate collaborative activities raises many research
questions. A key question is how can the new kind of displays be developed
to enable effective, equitable and socially comfortable collaborative
interactions? In particular, how can they be configured to allow co-located
and remote activities to be cohesively and seamlessly integrated with the
ongoing activities in a given setting? Another key concern is how best to
allow multiple people to collaboratively interact with information presented
on a single or multiple large displays. Moreover, are there particular kinds of
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collaborative activities and settings for which the new generation of displays
are most suited?
In this chapter, we begin to explore these research issues, considering
how various display systems have been designed, assembled and used in
different collaborative settings. Our focus in doing so is to pay particular
attention to the relationship between the physical set-up of a display system
in its context and the socio-cognitive aspects it promotes or constrains. A
key concern is the extent to which the physical affordances of different
display arrangements affect the way people interact with each other, their
physical media and artefacts and the digital information that is shown on the
shared displays. We begin by reviewing the literature on shared displays,
classifying them in terms of three main types and consider how they have
fared in terms of how they are actually used in collaborative settings. Within
this framework we provide detailed descriptions of a number of our own
projects, where we have designed and evaluated novel shared display
systems in social and work settings. We then discuss our conceptualization
of the design of large displays in terms of shared ‘surfaces’ and ‘spaces’,
highlighting aspects of the relationship between the two. Finally, we outline
a set of design issues we consider to be important when configuring surfaces
to support people in their various co-located and distributed spaces.

2.

DEVELOPMENTS IN DISPLAY-BASED
COLLABORATIVE INTERACTIONS

Current research on shared displays falls broadly into three main types
(although they are not mutually exclusive), varying in terms of whether the
setting is taken into account, the type of display and the way the displays are
integrated with other technologies. In this section, we consider:
1. Embedded displays – where the display is an integral part of a
physical space
2. Stand-alone displays – that are placed into existing spaces
3. Integrated multiple displays – where a number of displays and
devices are used in tandem

2.1

Embedded displays

By embedded displays we are referring to approaches that have attempted
to configure a whole physical space, like a room, an office or other public
building, by embedding various displays within features of that space, to
literally become ‘part of the furniture’. One of the earliest attempts to embed
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PCs with new forms of large displays in a room with the purpose of
supporting group working was the Electronic Meeting System approach (e.g.
Stefik, 1987). Most notable, was the Arizona project (Nunamaker, 1991),
where a number of special-purpose meeting rooms were built to facilitate the
various kinds of meetings that are held in large organisations. Each room had
a series of networked computers embedded in a U-shaped tiered set of desks,
facing a large video display (sometimes two or three) at the front of the
room, with whiteboards and overhead projectors also being provided. The
idea of configuring the displays and supporting technology in the room in
this way was to allow everyone to work on their own computer while also
being able to contribute their work to the large communal display at the front
of the room. Groupware software was installed on the networked machines
that allowed the people taking part in the meeting to type comments on their
personal workstations and then to copy them over onto the shared display.
The comments were subsequently organized by a leader/facilitator, who sat
at the front of the room with a master workstation. One of the main
attractions of this kind of set-up was the potential for facilitating wider
participation in collaborative activities, like brainstorming, through enabling
all in the room to generate ideas that could be readily ‘heard’, copied and
shared. However, the downside of making people collaborate around this
constrained technology set-up, is the rigid, unequal and formal structure of
the meeting that inevitably arises. For example, the facilitator is given an
enormous responsibility of integrating and ordering the ideas that the others
post to the communal board. This makes the people in the meeting highly
dependent on the facilitator. The individual workstations are also
substantially apart from each other and a long way from the shared display,
having the effect of markedly demarcating private workspaces from the
public workspace. In so doing, it places the participants physically a long
way away from each other and even further away from the facilitator,
making it quite an unnatural way of collaborating. Hence, while the
groupware may have been effective at allowing individual input to be shared
and seen by all, the physical layout was not conducive to the kinds of
informal talking and close working that typically goes on around table
meetings.
[ Photograph of the Arizona .. here]
More recent examples of designing complete meeting rooms include the
iRoom and iLand, which have created meeting rooms with a range of
embedded displays and interlinked technologies. In contrast with the fixed
and formal structure of the earlier genre of electronic meeting rooms, their
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design is more intimate and informal, allowing people to move freely around
the space and be physically close to one another. The iRoom is a project
carried out at Stanford University (Johanson et al, 2002), where a meeting
room was custom-built, comprising a large interactive table in the centre
connected to a number of large interactive wall displays. In addition, the
room was set up to allow portable devices to be used in conjunction with the
interlinked displays. One of the main motivations for providing ‘tiled-wall’
displays, i.e. displays that are linked together, side by side, and an
interlinked table display was to enable multiple representations of complex
data to be dynamically visualised and interacted with, thereby substantially
increasing the amount of screen estate available. In so doing, it allows small
groups of practitioners (e.g. biochemists, designers, engineers, architects) to
view multiple related visualisations of their data concurrently and for all
around the table to be able to annotate and point to features of these.
Needing to compare and coordinate multiple visualisations is central to
many kinds of practitioner’s work and so this set-up seems ideal for this
purpose. In particular, it overcomes the occlusion problems that arise when
restricted by the windowing techniques used by single display systems.
However, a downside of this kind of multiple display set-up, is the huge
overhead required to coordinate the content across the displays and the
orchestration involved in managing the array of collaborative actions and
interactions with the content. A key issue is determining who has access and
control over which display and how this is switched between the different
participants in the meeting. Also there is the question of whether all can see
the displays at the same time, given that each person will have a different
orientation to the displays, depending where they are sitting around the table.
[Imageof the iRooom here ]
The iLand project (Streitz et al, 2002) was also concerned with creating
technology-rich, embedded environments, but with more of a focus on how
the physical architectural space of a room can affect the way the
technologies are used. An instantiation of the iLand vision was Roomware,
which was designed explicitly with the physical space in mind. Electronic
walls, interactive tables and chairs were networked and positioned together
so they could be used in unison in a way that augmented and complemented
existing ways of collaborating. An underlying premise was that the ‘natural’
way that people work is to congregate around tables, huddle and chat besides
walls and around tables. Therefore, the technology should be developed to
augment these kinds of informal collaborative activities, allowing people to
interact with digital content that was pervasively embedded at these
particular locations. The displays should be placed in parts of the room, that
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allow people to chat, mill around, interact with their work materials together
while also communicate remotely with others.
[Image of iLand here..]
Unfortunately, as with the iRoom, building such a technology-rich room
that is usable in a real-life work setting, is at the very least, costly and
technically challenging. As, of yet, a functioning iLand space, which can be
used by a group of people to collaborate, has yet to be fully implemented or
evaluated. It is difficult to tell, therefore, how people would take to working
in such futuristic work spaces; would they mill around, seamlessly moving
between the different displays and other people in the room, just as they
might do at a party, when moving between different social groups, the food
table, the chairs and the drinks counter? Would they, for example, begin by
standing at the DynaWall (an interactive electronic wall), talking to remote
people via the videoconferencing facility, then move to a ConnectTable (an
individual free standing table with flat screen computer embedded in it) to
send some email, before switching to a communal desktop table to talk about
a project with others? How would individuals and small groups move from
one work activity to the next? Who would be doing the coordinating? How
would everyone keep aware of what was happening and know what work
space was free? There are many unanswered questions concerning whether
the idea of ‘hoteling’ (as architectural designers refer to it, e.g. Hecht, 2001)
– where quiet working, local and remote team meetings, and social
interactions are combined temporally and spatially in one environment – is
workable or desirable.
In sum, the idea of embedding whole rooms or buildings with a variety of
rich-technology displays has many attractions, not least the potential for
increasing opportunities for a diversity of collaborative interactions to occur.
However, the ability to create novel work spaces of this ilk, that will truly be
enabling in the manner hoped, has yet to be realized.

2.2

Stand-alone displays

The more common approach to research on shared displays has been to
develop stand alone displays, aimed at being placed into existing work,
social or learning spaces. These include various kinds of vertical surfaces,
collectively known as electronic whiteboards, and horizontal surfaces,
collectively known as electronic tabletops. The two basic forms have also
been labeled in terms of their attributes or where and how they are intended
to be used.
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Electronic whiteboard systems

Much of the research on electronic whiteboard systems has been to
explore new interaction techniques by which to interact with information
shown on the large displays. For example, the pioneering work on shared
whiteboards (Elrod et al, 1992) was concerned primarily with local
interaction issues, such as how to support electronically-based hand-writing
and drawing, and the selecting and moving of hand-crafted objects around
the display. Since then, there has much interest in using tracking and other
sensing techniques, to allow people to gesture to, write on and point at
information as a way of interacting with such a display. The move away
from the conventional input of a single keyboard and mice was mainly
motivated by the perceived need of allowing multiple people to interact with
each other and interact more directly with the content on the large displays.
2.2.2

Wall-sized and large-tiled displays

An extension of the early electronic whiteboard research is the work
currently being done on wall-sized displays and large-tiled ones using highresolution screens. A primary motivation is to allow small groups of people
to view and interact with large collections of information or visualisations of
complex data sets. Similar to one of the aims of the iRoom, an underlying
assumption is that showing data as parallel large-scale visualisations can be
very useful for comparing, compiling and sequencing different information.
Examples include LumiPoint that presents content via multiple tiles, that can
be interacted with via a pointing device like a laser pointer (e.g. Chen and
Davis, 2002); the Interactive Mural developed by Guimbretiere et al (2001),
that allows content to be created and annotated using gesturing and handwriting; and Flatland (Mynatt et al, 1999), that, similarly, supports
handwritten input, by recognizing strokes made on the surface.
So what is the best way of supporting people to interact with these wallsized displays? Are the more ‘naturalistic’ gesture-based interfaces more
effective than conventional keyboards and mice? Central to this question is
how easy and effortless it is to shift from display to interactive device and
back again. While many of the gesture-based approaches are promising, they
are often unwieldy in this regard. For example, writing on a wall requires the
user to be able to reach the different parts of the wall – a feat that can prove
to be challenging if the display is several metres high or is placed in order to
ensure its users cannot block the view of others. Similarly, the need for
gesture-based interfaces to disambiguate between the commands (gestures)
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and the content (writing on the display) is a difficult problem, both
technically and interactionally. This issue becomes even more challenging
within cooperative settings when gestures may be part of the non-verbal
communication between people rather than directed at the screen.
Remote interaction techniques require users to understand where their
point (or points) of interaction are and to manage the inherent action
involved at a distance. This can introduce significant interaction overhead. In
addition, the separation between the user who initiates an action and its
effect on a shared display means that coordination between remote users is
made more difficult as their gestures are not visible to others. For example, a
user is not able to predict where a remote user is looking as their orientation
is not available to them. Providing support for these missing cues without
overloading users is a major research driver.
2.2.3

Single display groupware

To help think about how to design applications that support people
working together at the same time and as a co-located group, Stewart,
Bederson and Druin (1999) promoted the notion of Single Display
Groupware (SDG). They suggest that providing a large display, with various
entry points, can allow more than one person to join in. Their particular
focus has been to enable pairs of people to work concurrently on a shared
drawing tool on a large display using multiple mice. Using this SDG model,
the KidStory project sought to encourage pairs of children to collaborate
through using Pad++, a shared drawing tool, that allows children to co-create
drawings (Benford et al, 2000). Certain functions are provided in Pad++ that
only work when two cursors are used together at the same time (e.g.
stretching two sides of an object on the screen). The idea behind this
constraint is to encourage pairs to work together on shared objects at the
display, rather using their own cursors to create their own individual objects
on the same display. Constraining the way software objects can be interacted
with in this way requires the users to think quite differently about what is
happening on in the display, particularly in terms of ownership and sharing.
A main appeal of this form of shoulder-to-shoulder collaboration is the
multitude of interactions enabled to those in a co-located group of people
besides the display. In so doing, simultaneous and collaborative interactions
are encouraged. This scope, however, is also a limiting factor as it requires
people to literally be shoulder-to-shoulder. While it is easy to envisage this
model working for small groups of two or three, it is less clear how it scales
up. Would this approach work for, say, five users, twenty users, or even two
hundred (numbers we could envisage being co-located with large displays)?
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Also, it is unclear as to how well users take to carrying out computer-based
tasks, like drawing or mouse dragging, as co-dependent actions.
2.2.4

Public, community and situated displays

In an attempt to consider how large displays might be used in practice,
several researchers have now begun to ‘situate’ them in public and social
spaces. A common application is to place them in offices and other public
buildings to provide notices and other information relevant for a particular
community (e.g. Agamanolis, this volume; McCarthy, 2002; O’Hara and
Brown , this volume). Systems such as Plasma Poster (Churchill et al, this
volume ) and Community Wall (Grasso et al, 2002) allow communities of
users to place, view and interact with information on screens that have been
located in specific public places of a building. The forms of interaction
provided, are usually via touch screens, pen-based, or gesturing, providing
the ability to select information, to expand it and annotate it. The material
itself is posted to the situated displays from desktop machines, using
conventional keyboard entry, rather than at the board itself.
A key objective is to consider how placing displays in these public
settings improves the ‘sense of community’, through fostering social
encounters and an enhanced awareness within the community (e.g.
Greenberg and Rounding, 2001). A major challenge confronting these
systems, however, is enticing members of the community to voluntarily and
spontaneously use them in the first place. There is often an assumption that
people will simply walk-up and use them. While the idea of a walk-up and
use model has proven successful for getting individual users to interact with
information in public kiosks, a situated display presents quite a different setup. Instead of being a private space – as is the case with public kiosks – a
situated display, by its very nature, is public. When people become aware of
this and realize that others can see what they are doing on the display, it can
have an inhibiting effect. In particular, people are reluctant to use public
situated displays. For example, Churchill et al (2002) found that people
needed “constant encouragement and demonstration to interact with their
public display; Greenberg and Rounding (2001) found that co-present use of
their public display rarely occurred (although remote usage flourished);
while Agamanolis (2002) found that “half the battle in designing an
interactive situated or public display is designing how the display will invite
that interaction” (p.4).
Such a pervasive dilemma needs addressing, requiring us to understand
what is causing the resistance. Social embarrassment has been identified as a
key factor, especially in determining whether people will interact with a
public display in front of an audience (Rogers and Brignull, 2002). In our
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own research on public displays, we have begun looking at how people
move and mill around in social gatherings, and how this changes when an
interactive public display is placed in that space. A key observation is that
the public display has to be able to be interacted with in a lightweight way
and that there should be no obligation to take part. In addition, the space
needs to be organized in a way that makes it socially acceptable to take part
without feeling embarrassed or overcommitted.
A public display we have developed is the Opinionizer system (Brignull
and Rogers, 2003), which is aimed at encouraging people in an informal
gathering, such as a welcome party, to share their opinions. In so doing, our
objective is to promote the initiation of conversations and socializing
between bystanders, who may not know each other. In such settings, there is
often a mingling crowd, comprising a mix of newcomers and people who
know each other. While the people who know each other may have little
problem socialising, it is much more difficult for the newcomers who are to
break the ice (Borovoy et al, 1998). The collective building up of opinions
on the public display is intended to provide a talking point to others standing
besides it, to comment on to their neighbour. People can add their views and
opinions to the Opinionizer display, which they and others can observe and
then add further comments. This is accomplished by users typing in a few
words at a keyboard, which is then projected onto the public display (see
figure 4-1).
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Figure 4-1. (i) A screen shot of the Opinionizer display and (ii) it being used in situ at a
party

When the Opinonizer was placed in social gatherings we observed the
emergence of a ‘honey-pot’ effect. As the number of people in the
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immediate vicinity of the Opinionizer increased, a sociable ‘buzz’ was
created in the area. By standing in this space and showing an interest (e.g.
visibly facing the screen or reading the text), people seemed to give a tacit
signal to others that they were open to discussion and interested in meeting
new people. People standing around the display made a number of
comments to their neighbours. These included direct references to the
opinions being posted on the board, what the Opinionizer was about and
whether they had used it themselves.
We also noticed that different activities occured in the different spaces of
the room where the social gathering was taking place, relative to the location
of the display. These were:
1. Peripheral awareness activities, where people eat, drink and
socialize away from the display. In general, people in these
activity spaces are peripherally aware of the display’s presence.
2. Focal awareness activities, where people engage in socializing
activities associated with the display, such as talking about,
gesturing to and watching the Opinionizer being used. Here they
give the display more attention and learn about it.
3. Direct interaction activities, where an individual, or a group acting
cooperatively, type something onto the Opinonizer display.
A further observation is that most people moved from peripheral
activities to focal awareness activities before interacting with the optimizer
system. This suggests to us that to entice people to use a public display in a
social gathering requires them to make transitions between the different
activity spaces. In particular, bystanders need, initially, to cross the threshold
from peripheral to focal awareness activities (e.g. from chatting to someone
on the other side of the room to deciding to move within view of the display
to have a better look). In other words, their understanding of what the
display is, and what it has to offer, has to entice them forward, to cross the
focal awareness threshold. This is shown in the schematic diagram in figure
4-2.
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Figure 4-2. A diagram showing a model of public interaction flow across thresholds

Once participants have passed the focal awareness threshold and decided
to give the display more attention, their interest needs to be further
stimulated to maintain their attention. The display has to provide them with
additional cues about what it has to offer, in order for them to become
further motivated to cross the participation threshold. These cues need to
reassure the person that the potential for social embarrassment is low. Key
information that needs to be made readily available to someone when
deciding whether to cross this threshold is how long an interaction takes;
what they will get out of it; what steps are involved; will be a comfortable
experience and most importantly, whether there is a quick let out, where they
can walk away gracefully, without disturbing the ongoing public activity.
In sum, there is much interest in placing large interactive displays into
public spaces to facilitate various forms of social interaction, including
conversation initiation, casual chatting, and increased awareness of what is
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going on in a community. As we have discussed, such a public use of a large
display puts very different demands on members of the public or a
community than previous kinds of displays. Most notable is the problem of
enticing them to interact with the content in a way that they feel comfortable
and not socially embarrassed. In our own research, we have been exploring
the transitions from being a bystander to an interactor or a member of an
audience and how these can be supported.
2.2.5

Tabletop displays

Much of the work on large displays has focused on vertical boards that
are meant to be placed on walls and interacted with by people standing next
to them. There has recently been an interest in building horizontal interactive
displays that are embedded in tables, with the idea of supporting interactions
that take place while seated (or standing). A main advantage of developing
displays to be used in this orientation is that sitting or standing side by side
around a desk or a table enables a co-located group of people to be closer to
the information being displayed than when working around a vertical
display. In addition, a table provides a surface that allows people to place
their personal accessories on, like papers, books, keys and coffee cups,
which they wish to use during the course of the meeting. By capitalizing on
the affordances of a table this technology allows groups of people to work
and meet in the ways they are more accustomed to.
Early versions of tabletop displays used camera-based recognition
systems to sense people’s hand and arm movements over the table surface.
However, problems of occlusion and lighting means that these systems can
be unreliable, making it difficult for people to see or interact with content
being displayed. Other systems that also suffer from overhead projection
occlusion are pen-based surfaces, such as Smartboards which have been
turned on their sides. An alternative approach has been to use back projected
displays, in conjunction with pen-based systems (e.g. Mimio), meaning they
do not suffer from the same kind of occlusion effects.
A recent innovation is the use of touch sensitive surfaces, that use
capacitive sensing to track the position of multiple user’s hands. Examples
include DiamondTouch (Dietz and Leigh, 2001) and SmartSkin (Rekimoto,
2002). The systems can determine which parts of the table surface are being
touched and by whom. However, because they use touch-sensitive
technology for recognizing input, it means that people have to be very
careful when moving physical objects on the table surface. While for most of
the time the systems are not affected by stationary objects placed on the
table, they can find it hard sometimes to distinguish between a person’s
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touch and an object being placed on it. This can make it difficult for people
to use other artefacts on the table at the same time – which as we mentioned
earlier, was one of the advantages of using an interactive horizontal surface
as opposed to a vertical surface.
Recognizing the placement of specific objects on a surface, however, can
also be exploited, when considering how to enhance collaborative
interactions. Systems like PitA-Board (Eden et al, 2002) have specifically
been designed to recognize objects, like small wooden bricks, that are placed
on a table. These then trigger certain digital events to occur on the table
surface, augmenting the physical objects. Placing physical objects onto a
surface is a very natural action to do and so easily learned. It also allows
multiple people to make rapid choices about where things should be and also
to easily change them – allowing alternatives to be explored easily and
flexibly. Thus, when used as part of the desktop application, physical
artefacts can provide highly familiar ways of manipulating digital content
that provides a natural and effortless form of collaborative interaction.
A somewhat novel design for a computer-augmented table is the
interactive round dining table installed in a museum of modern art in New
York developed by Omojola et al (2000). This piece of dining room furniture
was intended to promote fluid interactions between the people sitting around
it. The table was designed with eight place settings, each having an
individual digital display projected from above. In the centre of the table was
a round surface that users could rotate similar to those popular in Chinese
restaurants (often referred to as a lazy Susan). This surface was embedded
with a number of physical coasters filled with digital content. The design
was intended to support social interaction and discussion about the digital
content that was contained in the coasters (information about various
architectural projects) through supporting fluid movement of the digital
content across a physical space. The people that sat at the table could look
through the architectural projects on their personal placemat and send any of
interest to any of the others sat around the table, via the lazy Susan
mechanism. This novel way of sharing information around a table is quite
different from the shared display approach insofar as it capitalizes on using
the physical surface to send specific kinds of digital content to others who
are seated in different locations.
Research into tabletop display systems has focused on developing new
kinds of surfaces that supports novel forms of interaction. Similar to the
vertical display research, a core motivation has been to provide more direct
and natural ways of interacting with the digital content being displayed,
namely touching the surface and placing objects on it. How people actually
collaborate around such tables is only beginning to be studied. Our own
empirical studies suggest that when people have the same visual perspective
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of a horizontal interactive display (i.e. when they are side by side) they find
it easy to coordinate their interactions at the table, taking turns and finding it
easy to have the same shared point of reference (Halloran et al, 2003; Rogers
and Lindley, 2003). Moreover, it is noticeably more comfortable and easier
for them to collaborate and communicate with each other when the display is
more tightly coupled with the activity at hand. By this we mean the activity
the users are involved in (e.g. editing, writing, browsing) and the information
resources used (e.g. websites, files) and created (e.g. documents)

2.3

Integrated displays

With the advent of Bluetooth, sensing technologies and wireless
networking, there has been much interest in creating integrated systems of
displays and devices that allow for a diversity of co-located and remote
collaborations. A main motivation has been to enable people to seamlessly
move information across devices and displays. For example, the PARCTAB
system (Shilit et al, 1993) was an attempt, prior to the commercial
introduction of wireless and infra red technology, to enable information to be
communicated between palm-sized, A-4 sized and whiteboard sized displays
(Liveboard). Shared software tools, such as Tivoli (Rønby-Pedersen et al,
1993) were implemented on the system and this arrangement was intended to
be used was in a closely coupled physical-social space; small groups sitting
together in comfy chairs around a coffee table, collaborating with each other
and remotely located people via videoconferencing on a large display and
laptops on their knees.
More recent attempts at integrating displays have sought to provide novel
interactions in nomadic and dispersed settings, such as outdoors. A typical
set-up is to give individuals who are roaming the space a form of hand-held
computer (PDA or cell phone) or a wearable device (e.g. an electronic
badge) connected to a large shared display placed centrally in the space. The
actions and interactions of the ‘roamers’ are re-represented as a global or
aggregated visualisation on the shared display, providing a bird’s eye view
of what the individuals have been up to. One such system was
CommunityMirrors (Borovoy, 1998) a project that sought to enhance
socialising at a party. A large public display was used to depict a set of
aggregated visualisations reflecting the ongoing dynamics of a party. The
people at the party wore meme tagged badges with LED lights on that
changed color depending on how the individuals wearing them had
programmed their interests and how these matched up with the interests of
another person’s badge that they passed by.
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In one of our own projects, called Ambient Wood, a playful learning
experience was developed where children explore and reflect upon a
physical environment that had been augmented with a medley of digital
abstractions, that are accessed and presented through a variety of mobile and
fixed displays and devices (Price et al, 2003). One particular device the
children are given is a probe tool, that enables light and moisture readings to
be obtained from anywhere in the wood. Immediate feedback is provided in
the form of animated visualisations, showing the relative levels of these
variables on a PDA screen attached to the probe. In addition, while the
children explore and probe different parts of the wood, their movements and
probe readings are all tracked (using GPS). This data is then aggregated to
provide a composite visualisation that is then depicted on a large shared
display in a classroom setting, providing a bird’s eye view of where different
pairs of children have been in the wood and what data they have collected.
Providing different perspectives on the physical and digital worlds, which
result from the children’s interactions with them, offers new ways of
reflecting and integrating knowledge in a learning experience.
A more complex set of integrated displays has been used in a mixed
reality gaming experience called “Can you See me Now” (Flintham et al,
2003). In this game of physical-virtual chase there are two groups of players;
online players who try to avoid being caught and their chasers, who
physically run around the streets of a city trying to catch them. The players
in the streets carry handheld displays, which show the location of the online
players. The online players are logged onto a server via a web page and have
access to a PC which shows a map of the streets where the ‘physical’ runners
are. To catch the online players, the runners on the street use their handheld
displays, tracking and following them as they move across the virtual map
on their PC screen. In addition, they have an open-audio link to help them
locate the online players. The success of the game is dependant on the ability
of the runners to exploit the positional updates delivered to their handheld
displays and to orient their actions based on the observations of the
movement of the virtual players. Hence, the two kinds of displays used (the
mobile handhelds and the stationary PCs) are critical to the coordination of
the physical/virtual gaming experience.
In these playful settings, the emphasis has been to create novel,
provocative and enjoyable user experiences. In so doing, a key concern has
been to examine how people in these spaces reflect and make sense of the
mixed-reality experiences provided for them through the integrated
arrangement of devices and displays. Another approach is to look at ways of
designing and deploying integrated display systems that support
collaboration in existing work practices. Here, a key objective is to examine
whether their introduction into a work space overcomes or reduces the
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problems that have been previously identified that exist in the work spaces.
Hence, a primary objective in these contexts to support working practices,
more effectively by exploiting novel arrangements of display-based
technologies. To show how this can be achieved, we describe in the next
section three novel display-based systems we designed to support three
distinct working practices.

3.

DEVELOPING INTEGRATED DISPLAY
SYSTEMS TO SUPPORT COLLABORATIVE
WORK PRACTICES

We have developed a number of integrated systems from the perspective
of supporting existing work practices. We describe three of these here,
showing how each was designed to enhance collaborative working through
being based on a clearly identified problem space that led to a set of design
requirements. The first system, called Offloader, was designed to support
nomadic team working, providing team members with up-to-the minute
information. The goal was to offload some of the mental effort required in
figuring out where everyone is and what they are doing onto various
interactive graphical representations, shown on interconnected large displays
and PDAs. The second system, called eSpace, was developed to support
two-party transactions by promoting shoulder-to-shoulder collaboration,
through integrating representations via a multiple display console. The third
system, called Dynamo, was developed to allow people at a meeting to use
communal display surfaces as a virtual extension of their physical setting,
enabling them to place, move, add, remove and exchange files, media and
other resources in a seamless fashion.

3.1

The Offloader system: augmenting verbal
communication with integrated visual surfaces

In this project, we were interested in providing integrated displays for
nomadic team working where groups of people have to closely coordinate
with each other and be constantly aware of each other’s movements,
whereabouts and activities. An example is a security team who has to
manage and coordinate a large event (e.g. a presidential visit, a conference, a
football game) by roaming a large geographical area (e.g. an airport, a
convention centre, an arena) while coordinating their whereabouts and
movements with each other and a central control base. For this type of work,
which is geographically dispersed and often takes place in unfamiliar sites, it
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is rare for team members to have access to any kind of visual display.
Alternatively, to keep in touch with each other and coordinate their work, the
teams use public broadcast systems, (i.e. walkie-talkies) backed up by cell
and landline phones. While this is an efficient way of keeping in touch, it
does put a heavy burden on team members to remember the current state of
affairs especially when it is very busy. Our particular interest was what kinds
of visual representations could we provide to augment the existing verbal
ways of keeping in touch, as a way of helping reduce the cognitive load
involved.
The problem space: To understand more fully how nomadic teams keep
in touch we carried out an ethnographic study of Audio Visual technicians at
a conference, whose job it is to manage the technical support of such events.
Our findings showed that while broadcast systems are generally robust and
effective at supporting the communication and coordination needs of such
nomadic teams, they do have their problems. Sometimes team members miss
or mishear messages and consequently do not move to where they are
needed or do what is required of the, at a given time. Other times, especially
when a lot is happening, discrepancies can arise between what the different
members understand of the current situation and what is actually happening.
This can be very time-consuming, involving much retracing of steps.
Designing an integrated display system: From our analysis, we decided
to focus on supporting team communication and coordination during critical
periods of their work, where there is an increase in workload and where
communication problems are more likely to occur. Our basic idea was to
design an integrated set of small and large shared displays, providing
different views of the same information. To this end, we considered how to
offload salient aspects of transient verbal communication onto shared
visualisations that could readily be accessed by all when needed. An
assumption was that re-representing such transient information, as external
visual traces, would enable team members to see at a glance, who was where
and what needed doing, reducing the need for back-tracking and verbal
repair work.
Our system, Offloader, was designed around the core activity of
maintaining a shared list of the status of problems, i.e. what problems are
happening where, who is dealing with them and how urgent they are. The
integrated system was made up of two interconnected displays; a mobile
‘pocket-loader’ display and a fixed ‘wall-loader’ display. Problems and the
way they are solved are represented across both pocket-loader and the wallloader. Different kinds of information were provided on the same fixed
display, enabling team members to compare existing plans of the day’s
events with overlaid representations of the unexpected events as they
unfolded. In so doing, our goal was to enable team members to be able to
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integrate readily the various pieces of information needed to make rapid
decisions from both types of displays.
In particular, the wall-loader was designed to be used as a large touchscreen display, with additional keyboard input, mounted on a public wall in a
central location. The display is divided into three parts; (i) current plan views
of the day’s events displayed in the upper left corner, (ii) a topographical
floor plan of the building in the lower left-side and (iii) a job status display,
showing jobs as moving strips on the right side (see figure 4-3). Information
is represented on the pocket-loader PDA display as minimalist
representations, in the form of text-based, to-do-lists and problem reports.

Figure 4-3. Part of the visualization used in the fixed display, showing technicians
superimposed on job strips as part of a chart, with location and time elapsed as its axes.

Hence, Offloader was designed to augment existing work practices,
providing the team members with an opportunity to record a visual trace of
salient events. As such a key requirement was that it should be lightweight to
use in conjunction with existing ways of working. Our studies of the
Offloader system being used in situ, revealed that visually augmenting
verbal communication, through providing team members with the ability to
track, represent and update salient events as interactive visualizations on
handheld and large fixed displays was effective (Rogers and Brignull, 2002).
Specifically, it enabled participants to see at a glance the key parameters
representing the flux of activities and team member’s movements, thereby
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reducing the need to carry out extraneous repair work in order to find this
out. In this context, providing novel integrated displays to augment an
existing work practice proved to be effective and which the nomadic teams
could readily see the benefit of using.

3.2

eSpace system: supporting two party transactions
with multiple integrated displays

Espace is concerned with supporting more effectively two-party
consultations between agents and customers, that take place in a shop setting
(Rodden et al, 2003; Scaife et al, 2002). In these settings, the two are
typically involved in working up a complex product, like a round-the-world
trip, involving much planning and accessing of information. However, our
studies showed that these kinds of encounter can often end up being far from
satisfactory; typically, the agent sit behind their PC in control of deciding
which information to access while the customer is marooned on the other
side, very much a passive onlooker to the ongoing interactions with the
computer. As an alternative set-up we have been exploring how to change
the setting to enable more equitable access to the computer-based
information, involved in building up a product. To this end, we have built a
shared integrated display system that supports shoulder-to-shoulder
collaboration. We have also developed a range of shared representations and
interactive computational tools, that are displayed on multiple integrated
displays, intended to improve the decision-making and planning that is
involved.
The problem space: A problem that we identified with two-party
consultations, such as between an agent and a customer, is the emergence of
an asymmetrical relationship, where the consultant is very much in charge.
While in many situations this may be desirable, especially if the consultant
has the ‘knowledge’, in other situations it can be sub-optimal, where the
customer is unable to participate in the consultation as much as they would
like. In such dyadic settings, the consultant (e.g. the sales agent) will tend to
sit behind their desk, counter or table, facing their computer. It is very much
their working space, designed to support them in their work. In contrast, the
customer does not have a work space. Instead they have to enter the
consultant’s work space, by either standing or sitting on the other side of
their desk/table or counter (see figure 4-4(i)). An effect of this asymmetry is
to make it awkward for the customer to fully engage in the conversation.
Instead, after asking their initial query (e.g. “I’d like to go to Australia for a
month”), they have to watch while the consultant accesses information from
their computer and tries verbally to relay possibilities to them. The customer
has to decide which information is important from their screen and other
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resources, and to determine how best to explain this to the customer. This
takes a lot of cognitive effort. If there is a lot to explain or it is complex, the
customer may also find it difficult to follow. Occasionally, the consultant
may swivel their monitor around and show the information they currently
have on their screen to the customer. However, this may not help the
customer’s understanding; not having any experience of how to read the
decontextualised information being shown to them in this way they will
often take the consultant’s word and simply nod.
Hence, having control and access to the information on the computer
means that the consultant tends to drive the conversation, with the customer
largely being reduced to taking on a passive role, agreeing and accepting
what is being said to them.

(i)

(ii)

Figure 4-4. (i) Typical PC set-up between an agent and customer (ii) Working around a back
projected horizontal table display, using a mimio system.

D esigning an integrated display system: Our proposed solution for tackling

the asymmetrical relationship between the two parties and the resources used
to create a product is to consider how to re-design the workspace. In
particular, we thought that if we changed the way the physical workspace
was set up to allow both agent and customer to sit beside each other, then
they would both have equal access to the display. We also redesigned the
information presented on the computer, so that it was in a format that was
readable by both and provided a novel visualisation planning tool that both
could use to co-create a possible itinerary. A key concern was to provide
better links between the different external representations needed for this
type of planning task to allow for more effective coordination of
information.
Our assumption, therefore, was that one way of improving collaborative
interactions, especially joint planning, is to change the way information is
displayed such that it can be more readily and equitably accessed and shared.
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Initially, we experimented with using a single large display, using backprojection from a data projector with a mirror arrangement under the table
(see figure 4-4(ii)). The size of the table (1m x 1.5m) and the embedded
screen was designed to give a space that enabled two or three people to view
and work with the display in relative comfort. It was designed to allow them
to sit or stand and lean on the surface. An area was also provided for placing
brochures and other external resources like paper. Interaction with the
display surface was pen-based, using a mimio unit.
One of the main problems we found when using this kind of tabletop
display, however, was that it was too public, allowing passers-by to glance at
the information being shown. Given that we planned to place our new
system in a shop, it was considered that revealing a customer’s potentially
private information (e.g. their proposed budget and travel plans) in this way
was undesirable. We also found that it was difficult to provide multiple
informational resources on the same screen because of occlusion problems
associated with overlapping windows.
Our solution to these two problems was to design instead multiple
interlinked single monitor displays that were tiled and embedded in a table.
In one of our initial designs, two were placed horizontally and a third behind
these in a vertical position (see figure 4-5). The effect was to create a
console display system that small groups could sit or stand in front of, each
seeing and being able to interact with the information displayed on the
multiple screens. A wireless mouse and wireless keyboard were provided
that could be readily passed around and used by people in front of it.
Having three displays placed together in this way provides more screen
estate. It also offers an effective way of physically partitioning information.
This use of multiple monitors has been found to be an effective strategy by
users to facilitate multi-tasking (Grudin, 2001). Here, we found it useful both
for separating task-based information and showing the interdependency
between different forms of representations. Displayed on the three monitors
are three different kinds of information. On the left screen, a visual travel
planner is provided where an itinerary can be built up from different
products (e.g. flights, hotels, excursions). On the adjacent screen, various
computational visualisations are presented, showing how much of the budget
has been spent together with a time-line showing the way the itinerary is
being constructed (see figure 4-5 (ii)). In the third vertical screen, brochure
information is presented about the products. The three forms of
representation are dynamically linked, such that the effects of making certain
choices in one screen (e.g. adding a hotel to the itinerary) are shown in the
other screens. On the vertical display, the relevant page of information about
that product is presented and on the other display the time-line and budget
visualizations are updated. The two horizontal screens are interactive, so
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changes can be made to the travel planner or the visualisations. For example,
the customer might want to change their budget or select another hotel.
When placed in a real-life setting, at a large travel trade show, we found
that customers and agents readily took to the system. All manner of
groupings ‘dropped in’ to this shared space and planned a round-the-world
trip together, using the various online resources and interactive planning
tools. There was much evidence of more equitable collaboration taking
place, compared with the encounters we had observed of two party
consultations taking place around a single PC display. A main observation of
the way the two parties worked together was that both the customers and
agents focused on the information in front of them while talking with each
other. In so doing, the form of collaborative interactions were much less onesided.
In sum, creating a different kind of workspace where multiple interlinked
displays provided the surface for interactions to take place provides a quite
different set up. In so doing, the social awkwardness that often arises when a
customer enters an unfamiliar workspace, was significantly reduced – for
both parties. The agent feels more at ease and is able to invite the customer
to participate in the planning activity from the outset. As well as making the
customers feel more comfortable, it also improves mood and rapport
between the two parties as the transaction between them progresses.

(i)
(ii)
Figure 4-5. (i) The design of our physical layout of multiple screens and dyna-linked
representations and (ii) system being use at a trade show
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The Dynamo system: a public interactive surface
supporting the cooperative sharing and exchange of
media

The Dynamo system was designed more generally than the eScpace and
Offloader systems to provide shared interaction surfaces as a communal
resource in public spaces for occasional meetings. When people meet up in
public spaces, like hotels, lobbies and meeting rooms, they often wish to
share and exchange information with others. To achieve this currently, they
carry an assortment of physical and digital artefacts, such as laptops and
paper documents. The paper-based artefacts can be placed on tables, using
the surface to organize items before exchanging it with others. The
participants at the meeting are also able to display and share information
with each other, using overhead projectors and flipcharts. These highly
familiar experiences of exchanging physical information via paper-based
means are in contrast to the experience of exchanging information via digital
media and devices. In particular, it requires moving data from one personal
device to another (for example one laptop to another). Besides having to
overcome technical problems of incompatibility between devices, such
methods of digital exchange can restrict the exchange to the two or three
people around that device, and in so doing making it difficult for others in
the meeting to see what is happening.
The Dynamo system was developed to make the exchange and sharing of
information, via digital media, lightweight and easy to accomplish. A digital
shared surface was developed to make it easy and effortless to transfer
information between desktops, laptops and other devices. The aim was to
provide an experience where the overhead involved in doing this is minimal
and the technology does not detract from the spontaneity of the collaborative
interactions going on in the meeting.
Digital information is carried on small lightweight devices such as
removable USB disks or on more powerful devices such as laptops or PDAs.
The Dynamo systems supports the sharing and exchange of information via
these devices, and which occurs across a display surface that all participants
in the space can easily interact with. Importantly, these interactions do not
require people to log onto a remote network. They can simply plug in their
physical devices and bring up their digital information on the shared surface
– in the same way they do using their personal computers.
To achieve this level of fluidity in collaboration required us to think
about large displays as communal interactive surfaces rather than interactive
whiteboards or shared drawing/editing/writing tools. Each user plugs into
and subsequently interacts with the Dynamo surface through an interaction
point. An interaction point supports a range of input devices, such as mouse,
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keyboard, camera, PDA, laptop, PC and MP3 player. These are classified
into two broad types:
– Base interaction points normally consist of a wireless keyboard, mouse
and USB slots for attaching media sources such as removable USB disks,
digital cameras, MP3 players and web cameras.
– Mobile interaction points that enable laptops and PDAs to act as
interaction points as each of these has the capability to provide mouse
input (through stylus or touch pads) and text input (through soft or hard
keyboards) and deliver media from their internal disks.
The Dynamo system is deployed with a number of base interaction points
that allows users to attach a range of input devices or connect their mobile
devices to the surface. Users can then drag their digital media onto the
surface (e.g. videoclips, text files, digital images, powerpoint slides, MP3
files) to interact with it or make it available to others.
An example of a Dynamo surface is shown in Figure 4-6. The surface
provides a multi-cursor environment with each interaction point being
represented by a colour-coded telepointer. Users take control of these
telepointers to interact with the surface. Associated with an interaction point
is a palette. A palette consists of a number of distinct items (represented by
an icon to the user) that can act as ‘sources’ and ‘sinks’ of media. For
example, the files on a removable USB disk are represented as media
sources. A media source can be dragged off the palette and displayed on the
main surface. Similarly, the user can drop media onto a media sink item
within the palette for processing. For example, dropping a PDF file on an
email icon located upon the palette results in the document being emailed to
that user.
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Figure 4-6. The main Dynamo interaction surface with a selection of media and palettes (located at bottom)
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Having readily enabled users to place their digital media on the Dynamo
surface it was necessary to then let them interact and share it in an easy and
intuitive fashion. To this end, we provided various interactive mechanisms to
allow users to manage the shared use of the surface. The novel metaphor of
‘carving’ in the communal space was used; users “carve off” part of the
surface, providing them with an area that they can use to arrange and share
media and which they manage access to. Users mark an area of the screen by
clicking and dragging to indicate the extent of the carved space. On release,
interaction with the marked portion of the overall surface is restricted to the
creator of the carved off region. Figure 11 shows two carved regions on a
portion of the surface. On the right a telepointer passing through a circle of a
carved region is displayed, indicating that it cannot be interacted with. The
creator of a carved region, however, can invite others into their space by
dragging a key icon (located at the top right hand corner of the region) onto
the palette of the desired user.

Figure 4-7. Two carved regions displayed on the Dynamo surface, one showing an
instantiation of a media type (a webpage) and the other indicating it is not available to others
to use

The Dynamo system has been deployed in a number of settings,
including an informal workshop within a hotel conference centre and
meetings where small groups are collaborating. Initial findings suggest that
the Dynamo system supports the flexible and easy sharing of digital
information across a shared communal surface that all can see and take part
in. The use of multiple and familiar inputs (e.g. keyboards, mice etc.,) means
that many of the tensions evident in the use of either gesture or remote
control devices are obviated. Rather, users focus on getting onto and
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interacting with the surface itself by way of moving, arranging annotating
and editing their digital media. In so doing, it allows the seamless sharing
and exchange of digital media via an assortment of physical devices.

4.

CONCEPTUALISING DISPLAYS IN TERMS OF
CONFIGURING SPACES AND SURFACES

Our research into developing shared displays for different uses has
started us thinking more generally about how to conceptualize this new area
of work. As an initial framing, we propose talking about it in terms of
configuring spaces and surfaces. By a space, we mean the physical location
where the display is to be situated and used, such as a work, home or social
setting. By a surface, we refer to the display interfaces across which
information, visualizations, and other digital representations are presented
and interacted with. The reason we consider the term ‘surface’ to be more
appropriate than ‘display’ is that it focuses our attention on the interface and
the nature of the interactions that are supported by the design – rather than
on the technical properties of a display per se. Moreover, by conceptualizing
display research in terms of these two central aspects, it makes explicit that
there is a relationship between the design of a display and its use. We can
then begin to explore the nature of this relationship in a number of ways. Our
approach is to focus on how the physical affordances of a display-based
setting affect or encourage certain kinds of social behaviours. This provides
us with insights into how the physical properties of a display can have quite
profound effects on the way it is used in a collaborative or communal
setting.
It goes without saying that spaces vary, depending whether they are a
work, home or other one. Hence, a surface developed to support
collaborative work activities will not readily transport into a home working
or school working space. Each space has different attributes, as do the
people who are interacting or collaborating within them. Accordingly,
different kinds of surfaces will be needed that augment, support and enhance
what people already do in these spaces. Hence, questions concerning the
physical attributes of a display, such as the number, positioning, resolution,
orientation and best mode of interaction, are best considered in terms of how
a surface is to fit into an existing space. In turn, this requires understanding
how an existing space is currently used and what form of perturbation will
result when placing a new kind of interactive surface in it.
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DESIGN ISSUES

As the research area of situated and public displays begins to mature, it
will be possible to start generalizing design guidance from the findings.
Indeed, such attempts are just starting to emerge. For example, Scott et al
(2003) propose eight system guidelines for co-located collaborative working
around a tabletop display. They suggest that the technology used in these setups must support:
• natural interpersonal interaction
• smooth transitions between activities
• transitions between individual and collaborative work
• transitions between tabletop collaboration and other work
• use of physical artefacts in conjunction with the tabletop
• provide shared access to physical and digital objects
• appropriate physical arrangement of users
• simultaneous user actions
The focus of these guidelines is on ensuring that people can collaborate and
interact without too much overhead and disruptions when dealing with the
task at hand. In our chapter, we have discussed at length how and why a
number of these concerns are important. We would also argue that they can
equally be applied to other arrangements of displays, for example vertical
displays and integrated displays. Based on our research, we propose a further
set of design issues that researchers and developers need to be aware of
when configuring and designing surfaces for different spaces. These focus
on the uncertainties and tensions that can materialize when introducing
novel surfaces into existing spaces. The way in which they should be dealt
with is either to reduce them, to transform them into something familiar or to
make them explicit to the users, so they become aware of how to overcome
them.

5.1

Uncertainty 1: Knowing what to do

A problem that can arise when setting up new forms of shared surfaces in
public, social and work places, is that people can initially feel uncertain as to
what to do when entering that space. If there are a number of integrated
displays and devices, they may not know where to stand or sit. This can also
lead to them not knowing how to interact, or, where and what to look at on a
surface. An instance of this uncertainty is the difficulty people have
determining who has access and who is controlling what, when using
multiple cursors on a shared surface.
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One way to reduce such uncertainty is to capitalize on well-learned userinteraction behaviors that people feel socially comfortable with. For
example, keyboard and mouse and pen-based entry, even though they are
less direct than gesture or touch input, can provide more socially acceptable
ways of interacting with information and inputting data onto a shared
surface. A mistaken gesture in a public place that leads to the wrong
information coming up on a display is all it takes for someone to become
highly self conscious of their actions, leading to high levels of social
embarrassment.
Another well known interaction design method that can be capitalized on
is the provision of various forms of visual and auditory cues, that people are
familiar with (e.g. use of color, highlighting, beeps), that can guide users as
to know what to do next, which part of the display ‘belongs’ to others or that
others are working on.
Constraining the location and orientation of the shared displays and
devices can also makes it more obvious to participants as to how they can
join in and interact with the shared information in the physical space they
have entered. Designing the physical space to explicitly show people on first
entering it, where to sit or stand, can also position them in relation to each
other such that they have equal access to input devices and the displayed
information.

5.2

Uncertainty 2: Moving between the physical and
digital

It is important that people can use their existing repertoire of representations
and artefacts when interacting with shared displays. This includes everyday
physical tools like pens and paper, communication devices, resources like
notes and documents. As we saw with the new generation of tabletops that
uses touch-sensitive technology, conflicts can arise in detection of touches
and other noise caused by placing objects onto the surface. Making a part of
the table, such as the periphery, non-sensitive is one way round this. This
allows people to carry on their usual social and personal activities, like
drinking coffee, making notes while also collaboratively interacting with the
digital content.
Enabling people to seamlessly create new physical and/or digital
content (e.g. notes, diagrams, plans) while at the same time accessing digital
content via a surface (e.g. web, files) and other physical artefacts (e.g.
books) can also be problematic. Providing seating and physical support
structures that people can move and set up themselves to meet their different
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needs while working can enable them to move between physical and digital
displays and devices.

5.3

Tension 1: Social and personal space in front of a
display

A tension that can emerge with situating shared surfaces in work and
other spaces is the extent to which the new arrangements contravene existing
norms of social acceptability, comfort and physicality. For example, in one
of our empirical studies investigating the effect of orientation on interactive
whiteboards (Rogers and Lindley, 2003), an observation was that people felt
socially awkward having to stand in a line, side-by-side to view and interact
with the information on a vertical shared display. The participants in the
study said it felt like they were invading each other’s personal space, while
also not being able to see what other people were doing besides the person
adjacent to them. Other research has also shown that vertical boards afford
only one person interacting with them and that when a pair or group of
people are situated around a display, one person will tend to become the
driver or interactor and remain so, while the others take the role of
‘audience’ (Henderson and Jordan, 1995; Trimble et al, 2002; Russell,
2002). This suggests that, if collaborative activities are being promoted
around a vertical display that requires multiple interactions, then interaction
techniques and the physical setting will have to be designed to overcome this
social tension.

5.4

Tension 2: Social embarrassment in front of a public
display

Overcoming the well known tension of people’s reluctance to join in and
make a fool of themselves in public, can be considered in terms of how best
to design the transitions between private/public spaces and the thresholds
between peripheral and focal activities. One technique is to provide a buffer
zone for users to enter their contribution onto before it is placed on a public
surface. For example, mobile input devices (e.g. cell phones, PDAs, wireless
keyboards, digital cameras) can be provided that have an associated private
display space, where content can be entered and edited, before being placed
live on the public surface.
Other considerations are that the form of interaction must be
lightweight and offer a means of graceful departure so that the participants
can leave without it disrupting the ongoing collaborative activity.
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CONCLUSIONS

We have provided an overview of the burgeoning literature on shared
displays, classifying it into three main categories. The first type, ‘embedded
displays’, covers the tranche of research that has concerned itself with
developing whole new rooms or buildings, to promote quite different ways
of working or socialising, The second type, ‘stand-alone displays’ covers the
bulk of the research that has been carried out on displays, where many
innovative types of surfaces have been built, supporting novel modes of
interaction, The third type, ‘integrated display systems’ covers research that
combines different kinds of displays and devices, with the purpose of
providing inter-related and dynamically-linked information. These have
often been developed for people who are moving around a space (as opposed
to standing or sitting), supporting multiple perspectives on the information
being presented.
Much of the research on situated and public displays has so far been
exploratory and led by the desire to create new functions and new interaction
techniques. There has been less research directly concerned with how
display technologies can be designed and exploited to support new kinds of
user experiences, especially those that involve collaborative interactions.
There has been even less research that has focussed on the social tensions
and uncertainties that emerge when creating new kinds of collaborative
spaces.
Our own research agenda has been to carry out three main research
strands: (i) to understand what kinds of existing and new user experiences
shared surfaces can promote, augment and support; (ii) to understand the
relationship between the physical, the social, and the cognitive so as to
inform the design of shared surfaces that provide appropriate physical
affordances that promote the desired communal, social and cognitive
activities and (iii) to develop novel arrangements of displays and interaction
modes
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