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Abstract 
In the design and study of dedicated ubiquitous computing environments, efforts to 
enhance and support co-located collaborative activities and work have been a particular 
focus. In his vision of ubiquitous computing, Mark Weiser foresees a new era of 
computing, one that closes and follows on from the era of Personal Computing (Post 
Desktop). The vision involves simultaneous computations facilitated by a number of 
technical resources (services and artifacts) available in the environment. Ubiquitous 
Computing also draws on the perspective of embodied interaction: that our overall 
physical and social interaction, and the design of artifacts supporting interaction with 
people, places, and the environment, are two different perspectives sharing a common 
goal. 

This thesis addresses three critical aspects of interactive meeting spaces: Multi-device 
selection, Multi-device setup, and Multi-device direct manipulation. To do so, physical 
interaction techniques have been designed that make more visible the critical and central 
co-located manipulation and coordination actions in interactive meeting spaces. The tree 
designed physical interaction techniques, that have been developed and investigated are: 
the iwand, a pointing technique; the Magic Bowl, a placing technique; and Physical 
Cursors, a touching technique.  

In evaluation of the interaction techniques, addressed five problems that originated in 
observations during the development of interactive meeting spaces. How to: 1) identify 
and manipulate a physical object in order to select and control a particular service; 2) 
support the control of complementary combinations of services through physical 
manipulation; 3) capture, store and recall a preset group of services; 4) maintain and 
reuse presets, to preserve the prerequisite for a scene, under continually changing 
circumstances; and 5) design ways to manipulate physical widgets to enable a social 
protocol for coordination as an alternative to individual (invisible) manipulation?  

A tentative design pattern language developed, along with “sharing control”, a further 
developed sample of a design pattern, which applies to physical manipulations in 
interactive meeting spaces. Additionally, principles are described for conducting long-
term studies of living-laboratory observations and for revisiting central design decisions. 
The principles and design patterns are drawn from designed interaction techniques and 
from the design and deployment of interactive meeting spaces. 
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Chapter 1 Introduction 
The theoretical perspective used throughout this work combines an engineering 
perspective, plus the perspectives on human computer interaction (HCI) and computer 
supported collaborative work (CSCW) with its particular emphasis on systems to support 
collaborative activities. The work particularly emphasizes system design, integration, and 
engineering of artifacts and software services, to support physical manipulation 
techniques for co-located, collaborative activities. 

In the design and study of dedicated ubiquitous computing environments, efforts to 
enhance and support co-located collaborative activities and work have been a particular 
focus. In his vision of ubiquitous computing, Mark Weiser (1991) foresees a new era of 
computing, one that closes and follows on from the era of Personal Computing (Post 
Desktop). The vision involves simultaneous computations facilitated by a number of 
technical resources (services and artifacts) available in the environment. Ubiquitous 
Computing also draws on the perspective of embodied interaction (Dourish, 2001): that 
our overall physical and social interaction, and the design of artifacts supporting 
interaction with people, places, and the environment, are two different perspectives 
sharing a common goal. 

Relevant technical areas for this work include software engineering, and networked and 
wireless communication, as well as some electrical design and engineering. Particularly 
relevant research areas, also commonly addressed within the research field of Ubiquitous 
Computing, are Tangible User Interfaces  (Ullmer & Ishii, 2000) and ubiquitous 
computing rooms (Johanson et al., 2002a). Throughout this work, the term interactive 
meeting spaces has been used to refer to technology and ubiquitous computing enhanced 
spaces, for co-located and collaborative activities. The research area of Tangible User 
Interfaces (Ishii & Ullmer, 1997) targets the design of alternative physical interfaces and 
interaction techniques for computers through real-world actions and experiences.  

1.1 Objectives  
This theses project has three major objectives: 

- To design appropriate technical support that will emphasize and make more 
visible the critical and central co-located manipulation and coordination actions in 
interactive meeting spaces. In particular, it addresses the following critical aspects 
for interactive meeting spaces: Multi-device selection, Multi-device setup and 
Multi-device direct manipulation. 

- To integrate the technical solutions with the non-technical interactions, in order to 
support essential social coordination. In particular, it addresses physical and 
visibly shared interaction through: pointing, placing and touching. 

- To overcome the technical complexity of interactive meeting spaces and their 
need for constant maintenance. 
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1.2 Contributions 
This thesis makes five contributions: 

1. The iwand, a pointing interaction technique  

2. The Magic Bowl, a placing interaction technique 

3. The Physical Cursors, a touching interaction technique 

4. A tentative pattern language was developed, along with the “sharing control”, as a 
sample design pattern, corresponding to the prospective design patterns, applying to 
physical manipulations in interactive meeting spaces. 

5. An analysis and reflection was conducted on the studies, with particular attention to 
observation methods for long-term, day-to-day use interactive meeting spaces, from a 
living laboratory perspective. 

For each of the three technical contributions based on three separate interaction 
techniques (1-3): 

a. A hardware and software platform has been established for each of the interaction 
techniques. 

b. Several prototypes or sample applications have been developed for each 
interaction technique. 

c. The interaction techniques have been evaluated, by deploying sample applications 
in interactive meeting spaces. 

d. Based upon the experiences gained from items a-d above, the following research 
questions have been studied and analyzed for each interaction technique: 

- RQ1: How to facilitate identification and manipulation of a physical item, in 
order to select and control a particular service?  

- RQ2: How to control specific complementary combinations of services, by 
manipulating physical widgets? 

- RQ3: How to capture, store and recall a preset of services? 

- RQ4: How to maintain and reuse presets, to preserve the prerequisite for a scene, 
under continually changing circumstances? 

- RQ5: How to design the manipulation of physical widgets to enable a social 
protocol for coordination as an alternative to individual (invisible) manipulation? 

1.3 Thesis outline 
This thesis is divided into eight chapters. Chapter 1 (this chapter) provides a brief 
introduction to and outline of the overall work presented in this thesis. 

Chapter 2 introduces the general problem areas. It concludes by introducing five research 
questions based on problem areas that derived from observations made throughout the 
process of designing, using and maintaining interactive meeting spaces. 
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Chapter 3 introduces the research process and methodologies applied throughout this 
thesis.  

Chapter 4 introduces the technical prerequisites and related concepts applying to the 
further study and design of artifacts for physical interaction and interactive meeting 
spaces. 

Chapter 5 describes the design and evaluation of the iwand interaction technique and 
provides a proof of concept implementation of a technical platform. The spells is a 
generative metaphor for further developing scenarios and applications for the pointing-
based iwand interaction technique. The platform, and some sample applications, have 
been demonstrated and tested. 

Chapter 6 describes the design and evaluation of the magic bowl interaction technique. A 
permanently deployed implementation has been used for several years to start up and shut 
down an interactive meeting space (iLounge), through this placing-based interaction 
technique. Several sample setups, or phicons, have been provided, along with further 
development of tools to simplify the configuration and customization of phicons. 

Chapter 7 describes the design and evaluation of the physical cursors interaction 
technique. Several sample applications based on the platform have been developed to 
support the direct manipulation of interactive meeting spaces through this touching-based 
interaction technique. The platform and the sample applications have been demonstrated 
and tested by users in an interactive meeting space. 

Chapter 8 concludes the project, reflecting on the technical contributions and the overall 
research process. It concludes by summarizing several principles based on an analysis of 
and reflection on the design processes, both of the interaction techniques and on such 
living-laboratory deployments as the interactive meeting spaces. Two categories of 
resulting principles are formulated: a tentative pattern language using one of the proposed 
patterns, and some methodological reflections on long-term studies and observations of 
living-laboratory deployments. 

1.4 Collaboration and division of labor 
The key contributions described in this thesis have been achieved entirely by, the author. 
In addition, a number of aspects have been a result of collaborations where I also took a 
significant role. Examples on these aspects are: the used technical components, the design 
and study of interactive meeting spaces, and a number of precursor applications,  

Most of the work presented in this thesis was carried out within a number of externally 
funded projects. All the technical contributions listed here are based on technical 
development and analysis led and authored entirely by the author of this thesis. A number 
of additional projects, partial technical solutions and studies, also described within this 
thesis, have resulted from other collaborations. In particular influential was the iSpaces 
(WGLN) project, where the iROS software infrastructure was developed, mostly by the 
project’s Stanford University partners. Chapter 6 of this dissertation is based on an initial 
design and a paper that were developed and written with equally shared contributions by 
the four authors (Crone et al., 2004):  the author of this thesis and Maria Croné, Erik 
Eliasson and Pawel Wiatr. In the continued development of the Magic Bowl concept and 
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refined implementations, the author of this thesis has been taking a leading role. The 
interactive meeting space iLounge was designed, set up and maintained by the local 
researchers in the iSpaces project and the FUSE group, which includes  the author of this 
thesis, along with Patrik Werle, Maria Croné, Hillevi Sundholm, Erik Eliasson, Martin 
Jonsson, Pawel Wiatr, Fredrik Kilander, Peter Lönnqvist, Li Wei, Jesper Holmberg, 
Johan Eliasson and Prof. Carl-Gustaf Jansson. Some improvements to the implementation 
of the iwand hardware (Chapter 5) were made during a Troubadour activity within the 
EU’s Disappearing Computer initiative.  

Ylva Fernaeus and Jakob Tholander took the initial initiative for developing the hardware 
platform for Physical Cursors (Chapter 7) for the project described in (Fernaeus, 2007). 
The technical solution was provided by the author of this thesis. To produce a limited 
edition of the hardware, valuable support for the physical cursors platform came from 
Manu Gupta, Martin Johnsson, and Aurelian Bria. 
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Chapter 2 Problem areas 
This work addresses physical interaction techniques in the context of interactive meeting 
spaces. In this chapter an overview of the problem areas, are provided.  

- Interactive meeting: spaces, overview and introduction to some of the overall 
technical challenges and addressed activities, from the perspective of ubiquitous 
computing. 

- The theater stage analogy: is introduced to further describe and contrast the 
generalized perspective on the problems from the open-ended meeting (or project 
work) activities envisioned within ubiquitous computing.  

- Coordination and shared interaction: motivation for physical and visible 
interaction, as support for social coordination of the interactive meeting space 
activities. 

- Startup, shutdown and configuration: introduction to the specific problem areas 
of: multi-device selection, multi-device setup and multi-device direct 
manipulation. This introduction addresses a networked services and infrastructure 
perspective, and a number of problems particularly related to the physical 
constrains, and integration of systems and sensors in the physical space. 

- Interaction techniques: gives an introductory background to the physical 
manipulation and gesture based interface technologies for pointing-, placing- and 
touching- interaction. The interaction techniques provide approaches of social 
coordination, making the interaction physically visible. 

- Five research questions: based on experienced problems and observations from 
the deployed interactive meeting spaces. The research questions also have 
parallels with the introduced problem areas of visible, physical and socially 
coordinated multi-device selection, setup and direct manipulation. 

2.1 Interactive Meeting Spaces 
In this thesis the term interactive meeting spaces is used to describe physical spaces 
supported by computers and interaction technology, as tools to support meeting activities. 
Interactive workspaces, augmented environments and media spaces are alternative names 
for the same kind of environments. In this work, the term interactive meeting spaces has 
been the top choice, highlighting the focus on design of interaction technology and its 
role in collaborative activities. A multitude of meeting activities, solutions and directions 
for technical support for such environments has also been investigated. Listed below are a 
number of the common directions for research and development on supporting 
technology for interactive meeting spaces: 

- Control systems making the environment more flexible, to enable easy or 
automated control and change of properties, e.g. changes of light, sunlight, walls, 
etc. (Smart homes, Theater stages)  

- Support systems for remote communication and collaboration, i.e. tele-meetings 
and video conferencing, remote desktop applications, e.g. (Bly et al., 1993). 
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- Support systems for co-located collaborative activities, especially  support for 
coordination of parallel activities e.g. (Weiser, 1991, Hughes et al., 1995b, 
Rekimoto & Saitoh, 1999, Johanson et al., 2002a). 

- Multiple interactive surfaces and displays e.g. (Guimbretire et al., 2001, 
Robertson et al., 2005).  These present several challenges to interaction in 
relationship to interactive meeting spaces, such as: 

o Access and spatial setup and organization of multiple interaction surfaces 
(Configuration Problems (Robertson et al., 2005)) 

o Ambient visualizations – peripheral information displays and shared 
feedback e.g. (Wisneski et al., 1998, Espinoza et al., 2007)  

o Document mapping, i.e. finding and selection of display services (Werle et 
al., 2001), Windows management for large, multiple or tiled displays 
(Robertson et al., 2005) 

o Multi-touch surfaces, and multiple cursors e.g. (Johanson et al., 2002b, 
Shen et al., 2003) 

o Parallel activities (both public and individual), e.g. coordination, turn-
taking and attention (coordination) 

o Equal access, sharing and media mobility (Rekimoto, 1997, Johanson et 
al., 2002a) 

A typical scenario for interactive meeting space activities is to work collaboratively, on 
the production and composition of some digital media. Typical examples of produced 
outcomes is co-authored documents, texts or notes, multimedia presentations, software 
programs, sketches or CAD drawings. The activity could also be targeted around the 
collecting, searching and sharing of documents and information within a face-to-face 
discussion (or play); in such situations produced material (e.g. notes, logs) may not be the 
main goal of the meeting. For these situations the expected goals is solving problems, or 
communicating, or gathering a shared view, or understanding, so an explicit produced 
outcome or documentation is of lower priority. 

Everyday activities become increasingly dependent on new technology, such as 
computers and computer applications, networks, online services and online communities, 
and our cell phones (becoming far more than its precursor, the single purpose landline 
phone). Technology offers new, exciting characteristics and opportunities to create, 
design, present and play with ideas, information, experiences, or media. One part of the 
vision of Ubiquitous Computing is how technology will replace much of the traditional 
office and meeting room equipment, such as chalkboards, projectors, sketchbooks, and 
notebooks. A major goal of interactive meeting spaces is to create such environments, 
providing public shared (in combination with personal) technology to support a 
collaborative activity in a meaningful way. In many interactive meeting spaces (research 
labs), a major focus is on applications and system software supporting the 
interconnection and integration of more or less traditional computers into the 
environments. In contrast, the main approach of the present study has been to come up 
with systems and artifacts capable of supporting the physical and social integration of 
these distributed systems into interactive meeting spaces. 
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2.2 The Theater Stage Analogy  
Interactive meeting spaces share properties with many other meeting spaces. Maybe the 
most interesting parallel is theater stages. A theater is also a meeting place, not only for 
actors who meet an audience, but also within the work of preparing and designing a play 
or show. Production-team members and actors meet and design the production together. 
A main concern exemplified here is on the preparation of effects and light for a show. A 
major motive for choosing the effect and light design activity is that this collaborative 
activity has concrete technology demands that is clearly relevant for the resulting 
production. A light and effect rig prepared for a theater show can make visual and light 
effects available together; this local dedicated infrastructure, is also comparable to the 
scale and availability of (disappearing) computer resources, envisioned for an interactive 
meeting space, as envisioned also by the initial vision of Ubiquitous Computing (Weiser, 
1991).  

Theater stages, and the production and preparation of a play, also provide an alternative 
example of a co-located, collaborative design activity. This kind of environment offers a 
large set of their more specific notion of displays, such  as (visual) effects, and light and 
sound systems,  and special purpose communication and network solutions (instead of the 
mostly IP-based networks commonly assumed within distributed systems and Ubiquitous 
Computing deployments). This contrast with the perspective of some problems framed in 
the literature and exemplifies how the problems also apply to such a similar environment. 

A modern theatre often has hundreds of lamps; many of them is also motorized, able to 
change the shape, target, focus and color of their light beams. Various other technology-
enhanced elements are also utilized within the stage design. Creating a design for stage 
lighting requires collaboration, especially among off-stage production-team members. 
This collaboration, or preparation for the play, involves multiple meetings among the 
production team members (i.e. directors, stage designer and light designer). The goal of 
these meetings is to explain, negotiate, show and modify prepared pieces and ideas about 
how to arrange the stage to support the play. Often larger pieces is prepared individually 
or in smaller groups in between meetings, but team members often propos details and 
changes that they want to try out immediately, as part of the process of negotiating and 
exploring the preferred way to prepare the stage design. 

2.3 Coordination and shared interaction 
One perspective for describing collaborative activity is to look at the coordination, 
monitoring and division of labor of the individual parallel activities carried out by each 
participant. Each of the parallel activities can be carried out or be viewed more or less 
publicly. Participants engage in activities such as listening, thinking or taking notes 
individually and often in private; this is mostly seen as paying attention or being focused. 
If we take this perspective to its extreme, e.g. with a coordinated common activity like a 
discussion (with everybody talking at once, and not listening) we will have to describe  
these focused activities as coordinated activities in which speaking alternates with paying 
attention. 
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With interactive meeting spaces, one goal is to explore the advantages and effects of the 
technology that starts to become part of our common practice. How to redesign or 
improve the common use of the technology, in order to also support coordinated parallel 
and collaborative activities? One such activity is to also provide technical support to 
present, move and compose pieces of media, possibly with a preferred device or display 
in mind. In addition to the technology demanded for distribution and the perspectives of 
selection, composition and configuration described above, we also need to manage the 
interaction with many different devices and coordinate it among the collaborating users. 
This problem of coordination can be divided into three aspects of collaborative 
interaction: 

- Shared awareness: How we manage to keep track of whom, and in what way our 
team members are contributing to a common activity. 

- Direct manipulation and feedback: How we individually coordinate an activity 
involving several available devices and displays. 

- Negotiation and turn taking: How we manage to negotiate, redefine, and manage a 
change in the direction of the common activity.  

2.3.1 Shared awareness 
Traditionally, computers are designed to facilitate the detailed manipulation of a UI using 
keyboard, mouse and display individually. Computers (notebooks) also appear more 
commonly within face-to-face meetings and project teams. In general, the notebooks is 
used individually, or possibly with a large projection screen controlled individually by 
one team member. Collaboration in a face-to-face meeting is usually more expressive 
than what can be casually communicated through individually controlled UI’s. Actions 
(gestures, expressions), together with the direct discussion, form a common social 
protocol of a face-to-face meeting. As we mix the meetings with non-direct (less visual) 
individual usage of computational devices, we need to develop new practices and tools to 
provide a social protocol for individual (invisible) actions. 

At the theatre, the overall goal of a production is to act out and share an experience or a 
story with an audience; the major purpose of the stage technology is to enhance this 
experience. Even in preparing a stage for a play, one generally works with the different 
pieces of the play, commonly preparing for them to be acted at specific positions on a 
large stage. This makes it possible to share the effects being expressed visibly by the 
technology. In a theatre, a technician manages this process by controlling the particular 
effects from a control (light) console. The members of the production team – e.g. 
technicians, stage designer, director, etc. –work together and explore and negotiate to 
agree on how the stage and effects will be used within a play. The director may walk up 
to a position, or point out an area, during the discussion with the rest of the production 
team. The technician tries out or proposes ideas or effects suitable for a scene, in 
collaboration with, and response to, the discussion with the production team. In this case, 
the activity is highly visible, also acted out as physical movements. Control of the 
technology is negotiated face-to-face, and most control of the technology is directly 
carried out by the technician in response. 
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Interactive meeting spaces are expected to work and be useful even without the constant 
maintenance and participation by a (stage) technician. We want to make use of the 
qualities of computation, or to produce, research, discuss or manipulate pieces of digital 
media together. Bringing PDAs or notebook computers to a project work meeting does 
not directly enable us to effectively share and coordinate work. Problems also appear in 
the ways the collaboration is managed. Is it sufficient to have several people working 
around one computer or can different documents and versions of it be shared over several 
computers or displays? Some technical solutions can support us in communicating and 
coordinating the interactions of computers brought in from outside. If we manage to deal 
with that new technology and make it (and the expected hardware) available at our 
common meeting and project spaces we might manage to use computers efficiently and 
collaboratively as part of a daily practice. Even if we get used to the new technology, 
some of the qualities of face-to-face meetings will be lost or need to be improved. 
Notebook computers and PDAs are still used through individually controlled UIs without 
the other team members gaining much awareness of their usage. A challenge here is to 
find and develop more visible practices and mechanisms to share our views and state of 
participation. 

2.3.2 Direct manipulation and feedback 
When we are working with several devices in our environment, the issue of coordination 
applies not only to sharing and social coordination. We also need to keep track of and 
coordinate the activities that is distributed over several individual devices or displays 
e.g.(Robertson et al., 2005). 

In the example of stage design and especially light design, with hundreds of lamps the 
designer may want to easily, point out a spot to light up, or a particular lamp to use. Here 
a direct way to select and get feedback from each lamp also becomes an issue of 
coordinating and sharing focus between different target devices, even in a session of 
preparing or trying out stage technology individually.  

In the example of interactive meeting spaces, the appearance of each application hosted 
on a device in the environment does not appear as directly as the effects and lights on a 
theatre stage. Therefore, for these situations, it is more critical to have direct feedback on 
all the activities and operations, involving several devices. In the traditional use of 
computing and UI design, feedback is taken care of within the applications running on 
each device. For this example of computation distributed across several devices, it is not 
possible to maintain that attention on every local device. For direct manipulation 
interfaces, it is necessary to have feedback on each observable manipulation phase. This 
is especially true for complex manipulations, which span several networked devices. 
However, this case does not represent the average, partly because the focus often has 
been on the communication protocols and not mainly on the UI. Another reason is that it 
becomes more complex to provide coherent and synchronized feedback, not only in the 
one UI where the manipulation is initiated but also on other affected devices. 
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2.3.3 Negotiation and turn taking 
The introduction of technology within face-to-face meetings also makes it possible to 
move on from just discussing and planning towards instant investigation, initiation or 
committing to a chosen activity. It is usually possible to directly, and instantly, access, 
manage, respond to and control several functions—control, automation, production and 
the placing of orders—via computers and the network. In other cases, a request is made 
for someone to start working on, or carrying out, something that is later abandoned or 
needs to be restored. Commonly this kind of instant control is minor, and easy enough to 
restore. In most cases these technical possibilities is just a great opportunity: they let us 
effectuate agreements on the spot, without dividing up responsibilities for every detail 
that arises among the participants that needs to be individually planned and followed up 
on later. Some disruptions and misunderstandings, however, would be avoided if these 
technical opportunities also included support for communicating when we is about to 
effectuate an action that may not have been negotiated and agreed upon. Here we must 
not only account for technical opportunities, but also use the technology responsibly and 
politely, and as we design and implement a technology we should consider the use of 
thresholds to forbid irresponsible use  (Friedman, 2001). 

In the example of creating a stage design, this problem of communicating intentions is 
commonly handled by communicating possible ideas through someone in charge of 
controlling the stage technology. That technician in charge can also test, explore, and 
come up with various ideas and proposals for the rest of the production team. The 
technician is also competent to restore the tested solutions quickly and smoothly, and to 
decide whether an idea should be discussed first or just tried it directly. 

As mentioned, a major demand for interactive meeting spaces to become applicable is 
that it should be possible to operate them without the need for a constantly available 
moderating human technician. Also, because we want to be aware of how a shared 
activity is organized, we need mechanisms and practices to smoothly communicate 
intentions, as turn taking and changes in the activity; these may also correspond to some 
selected software service that is actively being used. For interactive meeting spaces 
typical activities require some level of automated control and configuration of the 
environment, such as light, moving walls, or the control of the displays and computers 
that should be turned on, similar to the case of the stage. In the case of project work or a 
meeting, these problems focus more on the shared and coordinated use of supporting 
technical solutions. Examples of unapproved or irresponsible control can cause problems 
or even destroy the work that the team or certain members carried out on a particular 
device. In the worst case, irresponsible control can happen accidentally, without any way, 
to immediately, determine who is to blame. A challenge here is to provide mechanisms 
that require the participants to communicate and act out their intentions before they 
engage in them. This would provide accounts (Dourish, 2001) for the control of the 
technology, and provide openings for co-workers to negotiate or question others’  actions, 
even accidental ones,  without demanding rigorous protocols for negotiation and user 
interface dialogue to verify mutual agreements; still, these requirements is hard to 
override and introduce strong obstacles into to the overall shared situations of use. 
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2.4 Startup, shutdown and configuration 
The use of configurations of interactive meeting spaces corresponds to the issue of 
maintaining the support to set up different versions and combinations of applications and 
devices to use. This situation applies both for shorter sub-activities within a meeting and 
to the overall startup and shutdown of the devices to be used for a particular activity. 

No technology can maintain itself. However, several possibilities and practices can make 
an interactive meeting space easier to use and constantly available:  

- Hand over maintenance to the users. 
- Automate the monitoring of the technology and problems, so that it does not 

require constant expert maintenance and support. 
- Separate the activity of needed support and maintenance from the active use of 

technology.   
- Find and provide solutions to common sources of failure. 

For teams involved in stage design and theater production, there is one major difference 
from the vision of ubiquitous computing and interactive meeting spaces. For the latter 
case,  the technology is assumed to be  available and usable, as part of a production and 
as a collaborative design process; it is also assumed that it will be used within its final 
production outcome, whether a slide show, a presentation, a design sketch or a computer 
program. In the theatre, one can always find technicians and maintenance persons, with 
dedicated roles and functions, as part of both the production process, and the final 
resulting presentation of the produced outcome. 

Startup, shutdown and configuration deals with how to make devices, applications, 
information and functions is exposed, controlled, combined, organized and taken into use. 
The list below includes three separate sub-domains of the problems related to startup and 
configuration of services, devices and applications. 

- Multi-device selection: discovery, description, querying, selection and invocation 
of individual services (represented by the appliances that reveal the outcome of 
the service). 

- Multi-device setup: composition, versions, configuration capture, (persistent) 
configuration storage, configuration rollback, recall and maintenance 

- Maintenance and dynamic composition: Maintaining and updating  models and 
descriptions of the physical organization, overview, descriptions of relations 
between devices and services in the environment 

2.4.1 Multi-device selection 
In distributed software systems and the interactive meeting space, it is crucial to have 
networked services without direct physical appearance, discovery and presentation of 
services. A common approach is to have the services announce their existence over a 
common network, (e.g. Jini lookup, and Universal Plug and Play (UPnP)). For services 
associated with some physical device, this is also a common approach for identifying a 
service and its communication properties. To identify a physical object and determine an 
identifier is a key to discovering the matching associated services commonly described as 
internet of things, using or auto-id (e.g. RFID and EAN bar-codes). Such problems is 
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typically addressed by mechanisms that dealing with discovery and semantics 
(presentation, querying and selection) of services, using web-services. 

From the perspective of a light or stage designer standing on a stage, lighting is fairly 
direct: if you see a visual effect or lamp, with a desired quality, from a particular spot, 
then it would not be too hard to light up that spot. In this case, the problem is how to 
address and control a particular effect, or a set of effects. In particular, the light-designer 
may want to address control and play around with effects and lamps from stage (e.g. 
while putting them in place). Usually this is only done from the light- controller console, 
which is placed somewhere behind the audience’s seats. Lamps and effects are typically 
addressed using a numeric ID. Theater effects are commonly controlled through a serial 
bus network, DMX5121 that offers 512 addresses on each network. To address and 
control a particular effect, the light-designer needs to find out its address. Typically, stage 
workers need to know these addresses, look them up on a drawing, or try them out from 
the light console.  

An additional problem area here is the interaction with the services (explicit selection, 
control and invocation). Interaction also needs to be addressed, both from a direct user 
interface perspective (how human users directly manipulate services) and with respect to 
the protocols and parameters that is passed over the network or communicated between 
devices or other services. These problems is especially concerned with user interfaces 
and protocols for distributing interaction and parameters e.g. to support selection, 
invocation and control of a service. This issue is commonly addressed through the 
selection of invocation mechanisms and interface definition languages for services. 

The problems described here have an impact on interactive meeting spaces as designers 
decide how to present, address and interact with services within the physical space. 
Technically the challenge is to find and interact with software services, represented by 
some IP address and service identifier, but through a practical and easily maintained 
system for mappings to their physical manifestations. 

2.4.2 Multi-device setup 
In interactive meeting spaces, an easy and flexible way to set-up the room is needed. In 
particular, it is needed in the start-up and shutdown phase where all graphical displays 
and feedback sources is turned off. In addition, easy ways to selectively, customize, 
combine and reuse the services, and specialized, or preferred computer devices. 

Among the many activities involved in producing a theater show, the preparation and 
composition of scenes, including effects and light, is central. In producing and preparing 
the visual effects for a show the goal is to compose light and effects that will enhance the 
expected audience’s experience. On a digital, memory console these effect compositions 
are stored as presets. The presets are arranged into a sequence of cues corresponding to 
the story line of the show. During the show, a technician primarily controls the sequence, 
adjusting for exceptions and differences that occur within different live performances. In 
order to use fast and advanced effects, it is possible to automate the whole sequence, or 
parts of it, into chases of cues / sequenced presets. 
1  ANSI E1.11 - USITT DMX512-A, Asynchronous Serial Digital Data Transmission Standard for 
Controlling Lighting Equipment and Accessories 
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These light and show effects provide a very concrete and simple example of the way that 
services and devices can be composed, into both presets and sequences. The example also 
points out the processes of capturing, storing and recalling the presets and sequence 
within the perspective of lighting and visual effects. Within distributed systems, 
especially within the vision of Ubiquitous Computing, the process of dealing with the 
variety of services and devices is far more complex.  

In the case of light and stage effects, usually one light console (the master) is used to 
control all the lights and effects (the slaves). In the Ubiquitous Computing vision, many 
devices must communicate with each other, both directly and bi-directionally in p2p and 
ad-hoc setups.  When client-server applications are in use, there is not one unique master 
server for every application and protocol. This makes it more complicated to roll back the 
overall state of the environment. 

To take the example of stage lighting and effects, each device is controlled by one or 
more channels modeled as a linear value. A heterogeneous mixture of devices, sensors, 
displays, digital whiteboards, scratch pads or other multimodal applications can be 
considered to enhance a meeting situation, in interactive meeting spaces. Most of these 
devices communicate over IP networks and the communication is usually not modeled 
with a well-defined, homogenous protocol. These complexities are one factor that makes 
capture and persistent storage problematic. 

The protocol continually updates the state of each light effect (channel). In a distributed 
system, each device and application mostly needs to monitor its own state. Software 
services seldom provide reliable, interoperable functionality or protocols to monitor or 
query the state in standardized and reusable ways. To make it possible to capture the 
current configuration, applications need to provide such protocols. The overall setup of 
an interactive meeting space may also change over time as users come and go, as their 
personal equipment breaks or new equipment is installed, eventually with new 
applications, or previously used ones. This situation leads to inconsistency in versions; 
generally, we do not want to engage in a full rollback to the previous state, even if it were 
possible to capture and store a full hibernation image of each device, to be enabling us to 
recall that configuration or version of each device present in the environment. 

In conclusion, the problem described here highlights the problems of composing and 
combining the multiple services made available on multiple different appliances. In 
interactive meeting spaces, this problem extends beyond combining the services to the 
question of how to capture and recall these compositions or configurations. In light of 
this situation, we must consider some additional aspects of maintaining these 
configurations, such as system and service versions and the capability, storage, rollback 
and recall of different configurations and versions. 

2.4.3 Multi-device direct manipulation 
In the technology-enhanced spaces examined in this work, the focus is on preparing 
materials that is not bound to a particular environment. The physical setup of the 
environment and the placement of technical devices is also likely to change dynamically 
(under non-planned conditions) while these rooms is being used. A common model to 
present and enable selection of interconnected services and devices for the users is to 
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associate them through an underlying digital model of the environment. This could be a 
spatial model (Johanson et al., 2002b, Shen et al., 2003); a user-friendly description and 
name mapping could also serve as an underlying invisible digital representation of the 
software services and their relation to the physical space. For these models for presenting 
the services, it is essential to map these representational and relational models to our view 
and understanding of the environment, and the model must be kept consistent with 
changes in the environment. This is problematic when it comes to interactive meeting 
spaces where things can be moved around between and during meetings. For example, a 
meeting participant does not necessarily sit with her wireless and mobile device in the 
same chair throughout the whole meeting. It becomes even more problematic if a device 
considered to be stationary in the environment is moved, added or replaced, or if a user 
moves to another interactive meeting space with a completely different physical setup. 

With a computerized light console, it is often possible to organize the connected channels 
into a spatial overview of the available effects. For many theater productions, the plan for 
the required effects and their uses is generated as a CAD drawing—which can sometimes 
also can be exported to the light console. Thus, a theatre play does assume a good amount 
of preparation. The stage is then used based on the same prepared physical setup 
(organization of technology—effects, lights and other stage props) for all the shows. An 
exception is larger theaters, that produce different plays each night;  in these cases the 
effect rigs is commonly dimensioned and prepared with enough flexibility to easily 
prepare for and host different shows and setups. 

For interactive meeting spaces, the issue of organizational flexibility applies not only to 
maintaining the physical organization for a specific activity, or to preparing to reorganize 
the overall setups for a scene or sub session of the work. In addition, within the work the 
activity and usage of the supporting equipment must also be continually flexible and 
capable of detail changes. It must be possible to reconfigure a particular device or service 
on the spot. For technology-enhanced meeting rooms this means that a particular service 
on a particular device must be directly accessible and capable of manipulation on demand, 
as situations arise and needs occur during the activity. 

2.5 Physical interaction techniques: Approaches to coordinated 
interaction 

In the previous section, a number of issues of the coordination of the activities and 
control of digital services in an interactive meeting space were introduced. In the study of 
the teamwork in an air traffic control center (Hughes et al., 1995b), one emphasized 
quality was the role of the physical flight strips (represents different flights). The flight 
strips are organized, manipulated and passed around as a way to coordinate distributed 
teamwork activities. One aspect of tangible user interfaces, as with the flight strips used 
in the air traffic control example is that they can be manipulated to provide enactments of 
our intentions, as a way to negotiate our desires socially. 

Traditional, desktop computing relies heavily on individual manipulations of onscreen 
graphics. A goal is to enable coordinated activities and support shared distributed 
computation, in a co-located environment, through physical actions of the users. For this, 
interface technologies that enable some interaction to go beyond the frame of each 
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personal (or shared) laptop or desktop screen, to be brought out in the physical 
environment are desirable. Pointing, aiming, touching and the way we organize and place 
out physical things in the space, provides a direct and spatial way to select or identify 
physical objects in the environment. Almost any sensor system or combination of sensors 
can be considered for tracing and identifying some resulting properties of physical 
manipulations. (Benford et al., 2005) examined and contrasted the borders of movement 
based sensor systems and applications in terms of desires, expectation and sensing. In our 
regular social interactions, we might point out, gaze, hold, touch and organize different 
things in the environment around us. We do not expect services and decisions to be 
executed implicitly or accidentally without being aware of, and being able to explicitly 
accept or suspend and postpone, deny or change these actions. In this section, three 
themes of physical interaction techniques, aiming towards explicit physical gestures 
addressing the tasks of multi-device interaction introduced in section 2.4.The addressed 
interaction themes are pointing, placing and touching. 

2.5.1 Pointing 
Pointing, in the shared physical space (a kind of distant line-of-sight interaction) 
particularly identification and selection of objects, is addressed.  

The target recognition typically requires a handheld pointing tool that projects a light 
beam at a surface or target pointed out1. The target are then traced, either continually, e.g. 
by video cameras placed out in the room, or discreetly captured by dedicated pointing 
targets. Through modulation of the light beam, or various bi-directional communication 
protocols are different pointing action and target identified. One of the most common 
example, are the regular infrared (TV) remote control. 

A number of other pointing based interface technologies, takes the approach of 
recognizing a direction of a pointing gesture instead of tracing a target pointed out.  
Gesture recognition approaches, to sense the source position and a direction vector, 
corresponding to a pointing gesture. A number of wearable and handheld gesture 
recognition e.g. based on handheld accelerometer or camera tools. Room deployed, bare-
hands attention, pointing, and gesture tracking systems, are also based on motion sensors, 
eye-tracking, and chroma-key and other video based gesture and motion trackers e.g. 
(Yamamoto et al., 2004).  

For the pointing interaction technique investigated in this work, visibility, granularity, 
and possibility to select and establish communication with different devices in the room 
are desirable. The following list of requirements states a baseline for multi-device service 
selection applications for interactive meeting spaces, based on physical pointing gestures. 

- Support control and selection of virtual services, through physical representations. 
- Support selection and control of any specifically addressed appliance, amperes 

physically as one of many different devices and services, available and physically 
represented within an interactive meeting space. 

1 Strongly directed laser beams, as well also more widely directed light, possibly in the visible spectra, but 
also using invisible infrared light. 
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- Support service discovery and selection based on the physical appearance of 
physical devices and corresponding services, identified within the boundary of a 
limited physical space (interactive meeting space). 

- Make the interaction with digital media physical and visible, as a cue for social 
coordination of co-located collaborative activity 

2.5.2 Placing 
Placing, particularly the categories of tangible user interfaces as described by (Ullmer & 
Ishii, 2000). The categories are spatial, constructive, relational and associative, 
manipulation and responsive applications. For tangible user interfaces, the physical 
organization is either, continually monitored or actively triggered. Physical objects can be 
spatially placed out and arranged on the fly, additionally a physically persistent, 
reachable and physically persistent, overview is provided. Being persistent also conserve 
a physically visible, and fail-safe, recoverable repository of the digitally represented 
organizational state (Mcgee et al., 2002). A number of tangible user interface examples 
have explored approaches to represent, grasp, manipulate and organize digital 
information physically e.g. Bricks, (Fitzmaurice et al., 1995 , Underkoffler & Ishii, 1998, 
Underkoffler & Ishii, 1999, Ullmer et al., 2003). Identifying and monitoring the physical 
objects and there placement is one of the core technical aspect of these tangible user 
interfaces. For the placing interaction technique, investigated in this work visual and 
physically conserved expected state, independent of active digital displays, with 
combinational flexibility to corresponding to the setup of associated devices and digital 
services are desirable. The following list of requirements states a baseline for multi-
device setup applications for interactive meeting spaces, based on physical placement of 
physical objects. 

- Starting up (and turn off) the whole room, from a state where most devices is 
turned down. 

- Support control and selection of virtual services, through physical representations. 
- Enable digital properties to be physically represented and manipulated. 
- Constrain the effect of unavoidable and unpredictable latencies when controlling, 

turning on and off much of the deployed equipment 
- Support identification of complementary combinations of services  
- Support commonly used services, or services used in particular ways commonly 

to be combined and become available as one service, represented by a singular 
physical widget.  

- Provide a shared understanding of an activity through shared physical, visual and 
persistent mirroring describing activity and session. 

2.5.3 Touching 
Touching is addressed. By touching is meant physical direct manipulation detected by 
direct contact or proximity, as when physical objects are touched or hold. Touching as an 
interaction technique, does not only address direct, hands on touching, but also direct 
manipulation using some handheld device, tool or stylus. Surface based multi-touch 
interfaces such as the Microsoft surface1 direct, hands-on, multi-touch tabletop computer. 
1 http://www.microsoft.com/surface/  
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There are also a number of projects and related technologies, targeting touch and 
proximity for multi-device communication and interaction. Pick-and-drop (Rekimoto, 
1997) is an example of a user interface combines stylus touch screen based touching and 
multi-device direct manipulation. In comparison to placing, described above, touching 
detects event triggered by the activity of touching or appear in the proximity of an object. 
A number of short range communication protocols, such as beaming data using infrared 
communication (IrDa), or bi-directional LED’s (Dietz et al., 2003), also give examples of 
technologies to enable multi device identification, communication and manipulation. 
Also short field radio, e.g. as the stylus ID used in pick-and-drop, and RFID identification 
technologies gives examples enabling technologies for touching tools. 

For the touching interaction technique investigated in this work parallel and visible 
physical activity, of selecting and combining touchable objects and devices in the room 
are desirable. The following list of requirements states a baseline for multi-device direct 
manipulation, by combining and touching physical representations of parameters, 
services and devices in interactive meeting spaces: 

- Support control and selection of virtual services, through physical representations. 
- Enable digital properties to be physically represented and manipulated.  
- Enable several (activities,) devices, applications and sensors to be used in parallel 

and manipulate 
- Provide a cheap and realizable technology, to make every device, object and 

application available for physical direct manipulation. 
- Identify complementary combinations of services.  
- Support commonly used services, or services used in particular ways commonly 

to be combined and become available as one service, represented by a singular 
physical widget.  

- Enable (physical/tangible) multi device direct manipulation to support control of 
services running on multiple/different devices.  

- Enable digital properties (or attributes) to be assigned directly to detected 
locations, objects or devices.  

- Enable visible and offline properties of shared physical space as hands-on 
manipulation and gestures for activities concerned with digital media and 
interaction. 

2.6 Particular research questions 
In this chapter, some overall problems of interactive meeting spaces, particularly those 
concerned with the configuration and coordination of (technology-supported) activities 
within a physical space, have been described. As a conclusion to the problems described, 
several specific questions posed in this work is stated. The list, below, of specific framed 
research questions describes the problems given a number of varying properties 
contribute to the complexity of interactive meeting spaces. The research questions posed 
below is used as a tool, to individually, analyze the three developed interaction 
techniques, the three technical contributions, described in Chapter 5 through Chapter 7. 
The research questions, RQ1 through RQ5, also have parallels with the introduced 
problem areas of physical and socially coordinated multi-device selection, setup and 
direct manipulation. Thus, the research questions is used as a specific tool for reflecting 
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on the observations and problems of interactive meeting spaces, in relation to the 
particular technical designs.  

The description of the problem areas above and particularly the comparison with theater 
productions makes it possible to define a number of terms used within the framed 
research questions. Several other, more concrete, aspects and challenges is also listed; 
one particularly important aspect is feedback. Feedback becomes even more critical with 
the increasing complexity caused by increasing numbers of interacting users, services, 
and physical widgets in a dynamically changing environment. As services and interaction 
involve many different devices used collaboratively in a dynamic changing environment, 
different levels of feedback is absolutely vital for a number of upcoming situations.  

All the research questions address ways to control various software services that control 
different computing devices and applications available in an interactive meeting space 
(here referred to as services). In the common case all the software services controlling (or 
running on) different devices is considered to be independent services, even if they is 
implemented as instances based on the same software. Invoking a particular instance of 
software on a particular host, with specific attributes, or after instructions to software 
controlling a particular device (or application) controls the service. The state of the 
environment resulting from the (accumulated) control and use of a combination of 
services and applications is referred to as preset. Physical gestures and expressions, 
together with direct discussions, form a common social protocol in face-to-face meetings. 
A particular aspect here is the social coordination of the collaborative activities; the focus 
has been on visible and physical manipulation of physical widgets to control services. 
The overall organization of the environment, within a particular preset of services, is 
referred to as a scene, including the current users, their personal devices, and online and 
offline collaboration, within a turn or distinguishable session of the activity.  

The questions address some problems of configuration and coordination of activities in 
interactive meeting spaces in respect to the following varied parameters:  

- The number of physical widgets. 
- The number of services. 
- The number of users. 
- The uncontrolled dynamic properties of physical space. 

2.6.1 RQ1  
How to facilitate identification and manipulation of a physical widget, with the purpose 
of selecting and controlling a particular service? 
This research question particularly addresses some of the problem described as multi-
device selection. The following issues give some concrete examples on desires addressed 
by RQ1. 

- Provide direct feedback corresponding to the effectuation of a service selected 
through the manipulation of a physical widget. 

- Enable selection and control of a service through manipulations of a physical 
widget. 
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- Start up, shut down and control a service, even from scratch where most devices 
is turned off. 

- Make manipulation of a physical widget understandable and explain it to the 
user(s). 

- Express to the user(s) the mappings between the physical widget and associated 
services. 

- Design a sensor and interface technology applicable to the expected manipulation 
of a physical widget. 

- Specify and implement associations between a physical widget and the selection 
of a service. 

- Specify and implement protocols for the control of a service and the manipulation 
of a physical widget. 

- Adapt control and monitoring mechanisms for the state of the hardware and 
applications on which a service depends. 

2.6.2 RQ2  
How to control specific complementary combinations of services through the 
manipulation of physical widgets? 
This research question particularly addresses some of the problem described as multi-
device setup, and multi device direct manipulation. The following issues give some 
concrete examples on desires addressed by RQ2. 

- Provide direct feedback on the manipulation of physical widgets, corresponding 
to the effectuation of complementary combinations of services. 

- Enable users to be aware of the progress and condition of services that depend on 
each other. 

- Connect and associate complementary services to each other through the 
manipulation of physical widgets. 

- Modify the state of a particular service within the current preset by manipulating 
physical widgets. 

- Match identifiers and attributes for different services, both complementary and 
independent. 

- Manipulate, control and monitor many different services in parallel. 
- Identify and specify combinations corresponding to communication and 

perceptually complementing services and their resulting states. 
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2.6.3 RQ3 
How to capture, store and recall a preset of services? 
This research question particularly addresses some of the problem described as multi-
device setup. The following issues give some concrete examples on desires addressed by 
RQ3. 

- Provide direct feedback corresponding to the effectuation of a preset selected 
through manipulation of physical widgets.  

- Provide affordances or other response to the manipulation of physical widgets 
within desired timeframes, to avoid impulsive overloading of involved services. 

- Enable customization, storage and recall of presets supporting particular activities 
(or distinguishable scenes). 

- Provide overview and modification support for stored customized presets. 
- Partially automate the customization, capture and storage of the presets. 
- Implement mechanisms to bundle and trigger services through a common 

communication channel. 
- Apply custom presets to protocols, conventions and technologies.  
- Create storable specifications for effectuating a particular preset. 
- Create mechanisms to automatically capture, store and recall presets. 

2.6.4 RQ4 
How to maintain and reuse presets, to preserve the prerequisite for a scene, under 
continually changing circumstances?  
This research question particularly addresses some of the problem described as multi-
device selection, and multi device direct manipulation. The following issues give some 
concrete examples on desires addressed by RQ5. 

- Implement physical widgets that communicate their operational state digitally 
(online) and physically (offline). 

- Provide ways for users to be aware of the condition and progress of controlled 
services and presets. 

- Make applications work (or recover) to a reasonable and consistent operation 
even as users, services, and physical widgets is exchanged, removed or added.  

- Enable the recovery and overview of the condition of required services and 
physical widgets. 

- Design interaction to eliminate the need for complete and static models of the 
physical organization of a space. 

- Create associations between services and physical widgets that eliminate 
underlying, invisible, digital models including dependences between every service, 
user and physical widget (such as spatial and relational properties of the overall 
physical space).  

- Implement protocols and notifications that can communicate the state and 
condition of available services. 
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2.6.5 RQ5 
How to design the manipulation of physical widgets to enable a social protocol for 
coordination as an alternative to (invisible) individual manipulation? 
This research question particularly addresses visible, physical and social coordination of 
interaction within interactive meeting spaces. The following issues give some concrete 
examples on desires addressed by RQ5. 

- Re-design existing UIs to provide visibility and awareness of individual 
interaction, supported by the manipulation of physical widgets. 

- Design the interaction with the physical widgets to make critical manipulation 
visible.  

- Provide accounts (Dourish, 2001) for negotiating  and questioning the control of 
services (even accidental ones) to be transferred to the socially and physically 
shared space. 

- Enable and encourage visible practices and mechanisms to share particular 
intentions and states of participation. 

- Enable flexible turn-taking of collaborative activities through manipulation of 
physical widgets. 

- Balance the possibly added effort (e.g. physical activity) and visibility (accounts) 
of interaction. 

- Through the manipulation of physical widgets, w select the degree of detailed 
turn-taking (what services) it makes sense to negotiate about. 

- Enable services to be controlled through external manipulation of physical 
widgets, as an alternative to the individual on-screen UI’s. 

- Implement mechanisms that require users to act out (or communicate and enact) 
intentions before engaging in them, by manipulating physical widgets. 
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Chapter 3 Research process and methodology 
A major goal of this work, as emphasized in the objectives (section 1.1) has been to 
provide technical solutions for several problems that our research team discovered while 
developing and using interactive meeting spaces. An interactive meeting space presents a 
visionary example of how technology may influence our work and interactions involving 
digital tools and media in the future. As our team focused on an envisioned usage, we put 
less attention into clearly establishing practices or working on the experimental tasks of 
comparing or optimizing tasks within a simple and known setting. Nor have we engaged 
in experiments targeting more quantitative data collection or evaluation methods 
corresponding to the interaction techniques. The scenarios and experiments we have 
considered address various properties and influences from the particular technical 
platform, such as the overall interactive meeting space, its infrastructure, unique 
deployment, and the experimental application and interactions with other systems and 
applications. Instead, the evaluation of the interaction techniques that is presented here 
addresses qualities and new, improved applications and materials that address visible 
coordination for critical applications of the activity in an interactive meeting space. 

 
Methodologically, the investigation and design of the interaction techniques presented in 
this document was divided into four phases, as illustrated in Figure 3.1; each is described 
in more detail separately in this chapter.  The core investigation of the interaction 
techniques focuses on the design of enabling technical solutions, and on several 
corresponding prototype applications. The evaluation of the interaction techniques 

C
on

cl
ud

in
g

P
rin

ci
pl

es
-A

na
ly

si
s,

 
re

fle
ct

io
n 

on
 th

e 
ov

er
al

l d
es

ig
n 

an
d 

re
se

ar
ch

 p
ro

ce
ss

P
re

cu
rs

or
O

bs
er

va
tio

ns

Te
ch

ni
ca

l
Va

lid
at

io
n

D
ep

lo
ym

en
t

Su
m

m
ar

y
(R

Q
’s

)

R
Q

1

R
Q

2

R
Q

3

R
Q

4

R
Q

5

M
ul

ti 
de

vi
ce

se
le

ct
io

n

M
ul

ti 
de

vi
ce

se
tu

p

M
ul

ti 
de

vi
ce

di
re

ct
 

m
an

ip
ul

at
io

n

Figure 3.1 Overview of the four applied methodological phases (Observations, Technical
Validation, Deployment and Analysis & Reflection), related to the technical work and
contributions described in this work. 
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involves elements of all four methodological phases, but the most central are the two 
phases of technical validation, and of deployment studies of the designed technical 
solution, illustrated in the center of Figure 3.1. As in the work of (Edwards et al., 2003),  
the technical validation particularly corresponds to the establishment of a technical 
platform and a lab exploration of several of the enabling technical qualities. For the 
deployment, the technical solution was evaluated by developing several examples, 
prototypes or demo-applications based on the platform; these were all tested and 
deployed within an interactive meeting space scenario. 

The left side of Figure 3.1 illustrates the observations from the Living Laboratory 
deployments of interactive meeting spaces (Abowd et al., 2000, Schmidt, 2002). These 
observations are based on long-term observations, particularly of the maintenance and 
support given to users of the environment. Based on these living laboratory studies, two 
particular problem areas were established, and were addressed by investigating the 
interaction techniques. The two problem areas addressed are configuration and 
coordination. Configuration is addressed through applications, the selection and setup of 
supporting multi-devices, and direct manipulation of multi-devices. Coordination is 
addressed through three types of physical interaction, based on physical gestures and 
manipulation, described as pointing, placing and touching.  

Finally, five design problems (research questions) were defined, based on observations in 
the interactive meeting spaces. These research questions have been used as an evaluation 
tool to analyze and summarize the resulting experiences and technical qualities of each of 
the developed interaction techniques; this is one of the aspects illustrated by the arrow at 
the bottom of Figure 3.1. The analysis and reflection, illustrated to the right in Figure 3.1, 
illustrates an analysis of the designs and overall design process, of the interactive meeting 
spaces and of the three interaction techniques taken together. Resulting from these 
analyses a number of principles have been proposed, corresponding to the design of 
tangible interaction techniques and deployment and studies of interactive meeting spaces 
and living laboratories. 

Table 3.1 O = Observations, T = Technical Validation, D = Deployment – Prototyping, 
Demonstration and Use, A = Analysis – Results and Reflection. 

Table 3.1 lists the three interaction techniques. The columns represent the different 
techniques, and the crosses mark the applied methodological approaches and their impact 
on the particular research questions. 

The field of Ubiquitous Computing and current Human Computer Interaction (HCI) has 
its roots in a number of theoretical and methodological disciplines. In particular, the 
theoretical perspectives used to characterize this work combine perspectives from 
engineering and interaction design (ID), along with some aspects of computer supported 

 Pointing Placing Touching 
Methods O T D A O T D A O T D A 
RQ1 X X X X X X X X X X X X 
RQ2  X X X X X   X X X X 
RQ3     X X X X  X  X 
RQ4  X  X     X X X X 
RQ5  X  X X X X X X X X X 
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collaborative work (CSCW), through the emphasis on co-located collaborative activities. 
The various theoretical perspectives and their influences on the different methodological 
approaches are described in further detail below. 

3.1 Observations 
The domain observed is instances of interactive meeting spaces, as outlined in the 
description of the problem area in Chapter 2. Most of the observations were carried out in 
the particular living laboratory deployment of an interactive meeting space, referred to as 
iLounge. The activities addressed by interactive meeting spaces are most commonly 
addressed by the research field of CSCW, which tries to combine social investigations 
with the design of supporting technical systems. “The most common form of research, 
then, is the ethnographic investigation of a particular domain of work, with an eye toward 
the technological opportunities it offers or design constraints that it imposes” (Dourish, 
2001). 

Instrumental (e.g. natural science) based approaches are used to develop methods and 
instruments for observing, measuring, investigating (or creating rules to optimize) the 
properties, behavior and history of a system or phenomena. This applies to any 
environmental, physical, biological, social or artificial system. Throughout this study, the 
observations of interactive meeting spaces have particularly focused on the technology-
in-use, and on situations demanding instant support and constant maintenance. Some 
observations motivated the development of interaction techniques; this process involved a 
more instrumental perspective, in order to address concrete and upcoming problems.  

As Figure 3.2 illustrates, observations from the deployments (e.g. Living Laboratories 
(Abowd et al., 2000, Schmidt, 2002) and precursor applications) have resulted in a 
number of concrete observations, problems, goals, experiments, and deployed technical 
solutions to upcoming problems and deployed example applications. 

Throughout the years several studies and over 400 booked work sessions were carried out, 
several of them also videotaped. Most of the observations described here, however were 
made during maintenance of the environment and explicitly emphasized while giving 
support to users, as team members explicitly struggled with the technology, who were 
trying to get started using the environment and the technology. Maintenance focuses 
particularly on providing solutions to limitations and problems as they appear. 
Commonly this has meant providing some straightforward or quick-fix solutions, or to 
developing tools that limit the amount of management effort and the consequences of 
common problems. Maintenance also served as a tool for observation, reflection and 
input to design and design requirements of new systems where quick fixes could not 
satisfactorily resolve problems. This was especially true for the design, deployment, 
maintenance and reflection from the work with interactive meeting spaces, which led to 
the framing of the particular research questions (section 2.6). 
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The observations and the support have also been part of a continuous effort to improve 
the technology within the environment to make it more useful, and to decrease the 
constant need for instant on-the-spot support. This continual development of interactive 
meeting spaces shows how the target of an observation continually changes and develops. 
These changes are represented by the illustrations above the time axis in Figure 3.2 based 
on earlier experiences of theaters and stage design, and extending through sketches and 
scenarios of iLounge, its physical deployment, continual redesign and development; they 
also include several less weighty deployments of interactive meeting spaces. 

The interactive meeting spaces (both iLounge and some lightweight deployments) were 
deployed and used by researchers and students and as a demo case. The problem areas 
mentioned in Chapter 2 and the overall concept of interactive meeting spaces apply to a 
wide area of collaborative situations and supporting technology. The particular 
observation is mostly concerned with environments designed to support (co-located) 
meetings that require technology usage, typically collaborative production of digital 
products, e.g. multi-media, and authored documents, as well as programming, 
information searching, or entertainment.  

3.2 Technical validation 
The design and development of the investigated interaction techniques occurred during 
two methodological phases. Technical validation emphasizes the core technical concept 
and implementation of an enabling technical platform. The deployment studies, described 
further in the next section, focus on applications that address activities and the context of 
interactive meeting spaces. Scientifically this can be described as an applied science, 

Figure 3.2 Illustrates the process of observation (basically as maintenance and active participation 
and support in meeting sessions), influencing a number of design processes. Where the designed 
artifacts or prototype systems is deployed and analyzed as a revised instance of the Interactive
meeting spaces. 
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from an engineering perspective. This perspective on technical design and innovation 
particularly addresses rationalistic problem solving; it aims to satisfy or improve 
solutions to concrete problems, as new and applied examples, testing underlying 
scientific theories. This perspective on innovation and technical problem- solving is often 
deduced from scientific theories, within physics or math. Within this work, researchers 
develop interaction techniques and construct interface technologies, based in math and 
physics; they may construct applications of combined hardware (physics and electronics) 
or software (algorithms and math). Testing these theories means combining and adapting 
hardware components that process, sense and produce signals that are encoded and 
transmitted through communication protocols and a transport medium. Technically this 
could be explained as the digital or analog signals being transferred electrically through 
wire, as radio signals being transferred through the air, as light or infra-red light being 
transferred through the air or fibers, or mechanical transfer such as motion or sound. 

To take a more design-oriented view, this work can also be described as the development 
of a technical concept, and combining and inputting materials, ready-made components 
and products into new contexts and technical applications and uses. 

Explorative hypothesis testing, or conducting on-the-spot experiments (Schön, 1983), is 
one way to experiment with  and test the feasibility of candidate technologies, for desired 
goals. Together with examining the specifications for candidate technologies this process 
provides input for implementing initial proofs of concept,  to verify whether a considered 
technical solution seems feasible; it is also known as a sub system evaluation (Schmidt, 
2002). In many cases, researchers must also examine compatibility and conversions 
between different technologies and protocols. Even if such a conversion seems trivial 
according to the specifications of each component, these experiments commonly exploit 
some undocumented properties, or limit a considered solution. When integration is part of 
the technical validation process, it is also an incremental exploration towards the 
implementation of a working technical implementation. Technology integration also 
provides input on requirements and constraining properties and on the efforts (e.g., 
sensors, wireless communication, constraints on energy, form, and size, and embedded 
systems) needed to implement an integrated technical solution.  This process is also 
called system feasibility (Schmidt, 2002). An integrated, working implementation is also 
a way to understand, explain and gain experience and come up with new ideas about 
concrete applications, as inspirations for further ideas or directions, such as developing a 
targeted technical solution. Partial or deficient implementation of a technical solution can 
also indicate limitations, functional requirements, or specific technical qualities or dead-
ends of a technical solution. Even if limitations on resources keep researchers from 
producing technical solutions robust enough to be used under realistic circumstances, the 
integrated implementation can provide a resource for further developing the concept. A 
partial implementation of a technical solution can also serve as a tool to estimate the 
feasibility, cost, priority and alternatives when a technical solution needs further 
improvements. 

An integrated working implementation of a technical solution can uncover and verify 
limitations in the design that are often hard to determine clearly from specifications and a 
simulated integration of the included materials. The technical validation is to test or 
analyze the qualities, both of a proposed technical solution and of its different 
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components (sub-systems) and then to identify qualities or properties. The result here is a 
proposition:  that the identified qualities or properties contribute to an answer to some of 
the research questions. In conclusion, the researcher can use the technical validation in 
several ways to develop and evaluate a technical solution that will support an envisioned 
interaction technique.  That is, the validation process facilitates several processes:  

- Identify and explore existing technologies and components, and their capabilities 
and limitations corresponding to the desired goals (idea, requirements or 
intentions). 

- Identify and provide needed adaptations, tuning and protocols to achieve 
capability and integration amongst selected technologies and components. 

- Provide a proof of concept for suggested (integrated) technical solutions, 
- Identify and document limitations and needed improvements. 
- Analyze and identify technical properties and qualities, of the overall technical 

concept and its included components. 

3.3 Deployment: Prototyping, demonstrations and use 
In addition, rationalistic and instrumental approaches have commonly been used to 
evaluate other less deterministic qualities of a design; these approaches are based in 
theories about mind, being, society, perception, psychology, activities, cognition and 
values. They include, for example, ways to measure and compare the performance of 
handling the system in terms of motor skills, or a quantitative sense for some 
experimental task, e.g. Fitts law experiments (Fitts, 1954). In many cases, such 
evaluations and experimental measurements and statistics focus particularly on aspects 
such as robustness, performance, or quantitative properties that correlate in logically 
motivated ways to strictly specified requirements of a system. Within some problems and 
questions, the application of the system is not strictly defined. In these wicked problems, 
the purpose and thresholds of experimental, quantitative measurement or optimization are 
lacking; in such cases, quantitative evaluation often cannot provide more insight than a 
proof-of-existence argument. In contradiction to the rationalistic, instrumental approaches 
of inquiry, theories about situated actions (Suchman, 1987) describe the irrationality of 
applying theories of optimizing a design to strictly specific and planned situations. For 
the interactive meeting spaces and the activities, both envisioned and observed this 
process addresses a wide range of the technology’s organization, activities, goals and 
usage. This deployment particularly focuses on prototyping and development of 
demonstrative examples, explaining the technical concepts as they apply to the context of 
the deployed interactive meeting spaces. The perspective of evaluation is addressed here 
to provide an enabling and open-ended technical platform, together with a number of 
demonstrative example applications. In addition to the technical platform providing 
working prototype applications, this evaluation results in a collection of experiences and 
directions to be explored and addresses the specification of new or modified applications, 
possible new usages and sample applications, and the platform. This corresponds to a 
perspective of providing examples of applications, and leaving the further design of 
specific applications to the specific situation of use, where the users can optimize it, or 
customize it, by them own, or in participation with the designer, i.e. participatory design 
(Carroll et al., 2002).  
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Houde and Hill,(1997) describe using a prototype to “represent different states of an 
evolving design, and to explore options”. Further, they present a model of different 
characteristics of prototypes describing different dimensions of a design (role, look-and-
feel and implementation). This may also correspond to different prototypes, exposing 
different aspects of a concept. In turn, different prototypes may correspond to different 
aspects.  For example, scenarios, mockups and demonstrators correspond to the usage 
and role; sketches, graphics or physical models correspond to the look-and-feel; and 
specifications, measures and technical validations correspond to the implementation. 
From this perspective, this work has been biased towards implementation, as technical 
validations both provide working implementations of the sample applications, and the 
focus is on the development, specification and implementation of the technical concepts. 
However, the implementation of working demonstrators provided integrated prototypes 
that expose some attempt to work with all three dimensions of the prototype. Even if such 
an integrated prototype does not match the expectation, e.g. of the final form-factor of a 
considered product, it indicates what to expect of properties such as size and weight as a 
basis for further sketching or improvements. In this work, the role characteristics have 
been explored by deploying (putting into use, demonstrating, test-running or discussing 
application specifications or scenarios) the prototypes in the context of the interactive 
meeting space. All the technical contributions of this thesis include at least one example 
of an integrated working prototype deployed for a test-run or demonstration. 

The technical validation makes it possible to determine some propositions about the 
properties or qualities of the technical solution. Several other propositions and principles 
for properties or qualities of the system could also be considered. Instead, the major 
evaluative approach has been to explore and come up with possible sample applications 
and uses of the system (prototypes), particularly for the contexts of physical and 
interactive meeting spaces. 

During several of the sessions, student groups have used the interactive meeting space 
independently for their group work. For these sessions, the supporting technologies had 
to be robust, simple and significant enough to be used. A system deployed in an 
interactive meeting space will probably not be used unless it is permanently available and 
operating, very easily recovered, or instantly repaired if it fails. . For example if the 
batteries run out on some deployed shared system or artifact, the users are likely to work 
around it and ignore it instead of reporting it or having it fixed. The opportunities have 
been limited, however, to support, encourage, and observe the users as they take up and 
use the systems and the interactive meeting space in their daily meeting practice. Where a 
particular prototype application is targeted to provide solutions or alternatives to 
particular observed problems, it has been even more difficult to observe how these 
situations are handled.  Often they simply occur in the form of momentary negotiations, 
such as coordinating or setting up some supporting technology for an upcoming session 
of the work. An alternative addressed here is to test and collect user experiences from the 
systems under more experimental conditions, such as demonstrations, experiments with 
the system, exploring and discuss various features, limitations, improvements, 
alternatives and scenarios. 
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These technical solutions, implemented from the described technical design and 
validation, represent open-ended ideas and interaction techniques provided either as 
toolkits or as platforms, with several rough and demonstrative sample applications 
(prototypes) that explain and exemplify the idea. Further evaluations of the implemented 
technical solutions have been qualitative, involving the implementation of several sample 
applications and demonstrators deployed in the interactive meeting space context 
(iLounge). The process of running demonstrations and tests and letting potential users try 
out and play around with the example applications made it possible to collect some user 
experiences and feedback on deployed technical solutions and sample applications. 
Differences in the status and robustness of the deployed implementations and prototype 
applications provided evaluations under differing circumstances: permanent or more 
realistic work-settings, and more scenario-like demo settings. 

The basic approach of evaluating the developed interaction techniques was to provide 
sample applications for the interaction technique to be deployed and observed in the 
domain context of interactive meeting spaces. Several different types of sample 
applications were created to evaluate and explore the interaction techniques and the 
corresponding technical solutions: 

- Deployments, user tested, permanent or independent use  
- Demonstrators 
- Working and tested prototype implementation 
- Specifications (or simulations 
- Scenarios and sketches 

These sample applications or prototypes made it possible to collect several different 
observations and test results. These observations led to several useful results:  

- Verification that the implementation of the interaction technique does in fact 
operate  

- Verification, measures, limitations and insights from the sample applications  
- Ideas and proposals for improvement 
- Variations and new ideas, proposals, sketches and usage scenarios based on the 

(technical) concept or sample applications. 

These results must be further analyzed to see if they provide arguments for, and thus 
answer, the research questions.  

3.4 Analysis and reflection 
The analysis of the developed interaction techniques and the design and deployment of 
interactive meeting spaces have resulted in a number of principles related to interactive 
meeting spaces and the physical manipulation and coordination techniques for interactive 
meeting spaces. A particular perspective, from CSCW, addresses the visibility of action, 
as a support for awareness, collaboration and social coordination. Here the emphasis is on 
co-located (computer-supported) face-to-face activities, in contrast to the commonly 
dominating perspective of online and remote visibility of action. Additional theoretical 
bases for these analysis,  through reflection (Schön, 1983), have been based on the 
practice and processes of maintaining, developing and designing interaction techniques 
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and interactive meeting spaces. Two of the types of reflective research are particularly 
central in the analysis and reflections involved in this work:  repertoire building research, 
and research on fundamental methods of inquiry and overarching theories. Repertoire 
building research is represented as the development of new principles, materials and 
methods, for example those described in terms of design pattern languages (Alexander et 
al., 1977). Research on fundamental methods of inquiry and overarching theories 
involves two elements:  

- Reflection-in-action and observations retrieved from the action of deploying, 
maintaining, and solving problems within the usage of the interactive meeting 
spaces, as they occur.  

- Revisiting and analyzing the episode of the design practice, represented by the 
interrelated sequences of design decisions throughout the design and maintenance 
of interactive environments and systems addressed by this work. 

Figure 3.3 illustrates how the relationship between the work’s technical and more 
analytical approaches is viewed. Among the technical aspects, most of the effort and time 
has been spent in the middle layer, exploring technical opportunities to (re-)design 
technology appropriate to face-to-face meetings (such as collaborative production of 
digital media). This prototype system development and exploration strives towards some 
slightly different goals. In the regular practice of maintaining and solving problems as 
they occur, it is possible to apply standard solutions relying on already existing systems 
and architectures. In these cases, no or minimal exploration of particular system software 
is needed to provide a satisfying solution to some observed problem.  

 

Figure 3.3 Model that illustrates how the design (technical), and conceptual perspectives of system 
design research have been related. The arrows between the technical and conceptual perspectives
represent practices, or knowledge transfer protocols, corresponding to the layers of technical design
and analysis. The model is inspired by the multiple methodological approach (Jay F. Nunamaker et 
al., 1991) to information systems research, cited in (Williamson et al., 2002), pages 147-158).  
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A direct goal, with the development of interactive meeting spaces is as a technology test-
bed, to provide and deploy an application or solution to particular struggles observed, in 
order to achieve a smoothly working and useful instance of an interactive meeting space 
in use. On the other hand, often the environments are unique combinations of technical 
solutions, where both the observed problems and their solutions can hardly be transferred 
directly to, or reproduced in, any comparable setting. This is an instance of another 
interactive meeting space. From that perspective, we also want the prototype systems to 
be described and implemented in a way that allows them to be applied to other similar 
situations or problems. Significant qualities offered and exemplified with the technical 
concepts, and experiences of the overall design and maintenance of interactive meeting 
spaces and interaction techniques, have been summarized as principles, frameworks or 
reusable technical concepts, e.g. as design-patterns, guidelines, middleware platforms, 
system architectures and implemented working exemplars of the technical concept. 
Several frameworks, perspectives and approaches have been used as tools to reflect and 
describe the resulting qualities and thus analyze the collected experiences: 

- Definition of the design problems (research questions) based on the described 
problem areas, and observations from the development and maintenance of 
interactive meeting spaces; these were used to summarize and individually 
categorize the technical qualities and experiences of the developed interaction 
techniques. 

- Working implementations of technical platforms and sample applications, 
illustrating and providing proofs-of-concept exemplars of the investigated 
interaction techniques. 

- Reflection on the process, summarizing and interrelating, the design decisions and 
the deployments of the sequential overlapping design processes of incremental 
design and versions of the interactive meeting spaces and the developed 
interaction techniques. 

- Analysis of the perspectives, goals, and tensions addressed as the interactive 
meeting space was developed and deployed in the longer-term perspective, 
resulting in some methodological instruments for observations based on 
reflections on the practice of maintaining and giving technical support to users of 
the room. 

- Analysis of several evolving concepts of physical and visibly shared manipulation, 
based on the themes for reflection defined in the Tangible Interaction Framework 
(Hornecker & Buur, 2006). 

- Development and description of a repertoire of interaction techniques, addressing 
physical manipulation and interactive meeting spaces, described as a tentative 
pattern language. 
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Chapter 4 Prerequisites 
Ubiquitous computing (Weiser, 1991) presents a contrast to traditional computing, in 
which the user and the system have a one-to-one relationship on a dedicated computer. 
Multiple interconnected computers and devices provide the concept of a continuation of 
the individual desktop, and a way to support co-located sharing and cooperation, both 
socially and computationally. This post-desktop continuation of the traditional individual 
user interface involves a number of mechanisms that emphasize the social coordination of 
computer interaction, rather than the individual performance. 

In this work, a scenario of co-located meetings or work in interactive meeting spaces is 
taken as the basic collaborative activity. Interactive meeting settings are commonly 
described as productive and executive work meetings where participants share large 
amounts of data, compiling it creatively (Weiser, 1991, Streitz et al., 1999, Johanson et 
al., 2002a).  

In our daily interactions within the physical world and with other social beings, we 
primarily use our capabilities to act and express ourselves through words, sounds, 
gestures and many expressions we physically embody as physical and social actors. We 
remain aware of surrounding activity by peripherally noticing the activities and events 
that occur around us. We also encounter the activities of co-workers or other people by 
observing their physical movements, and making interpretations of what they are trying 
to achieve. Workplace studies of collaboratively coordinated work have identified 
scenarios and situations where elements of tangible interaction could hardly be changed 
to virtual representations. A representative example is manipulation and coordination of 
the activity in airflight control-rooms highly relying on the tangible flight strips, studied 
as a case of co-located collaborative work e.g. (Hughes et al., 1995a). 

By interacting with artifacts in the physical world and in our environment we gain  
understanding and hands-on experience (Ishii & Ullmer, 1997) about the world. Physical 
manipulation and interaction is one of our most common way of communicating ideas, 
experiences and knowledge, such as sketching, gestures, speech, demonstrations and the 
physical manipulation of artifacts. 

The physical properties of real-world environments also help make us aware of what goes 
on in the background, peripheral from our focus (Wisneski et al., 1998). This also gives 
us a broader experience than the common experience of the virtual world through a 
rectangular graphic representation on computer screens. Tangible computing is a medium 
to bridge between our personal expressions and our computers; it makes it possible to 
share computer interaction socially and to support predictions and social negotiation. 
Thus tangible computing offers an opportunity to support the development of social 
conventions within co-located, collaborative computation, for example coordinating and 
taking turns, both within a common shared activity, and within parallel activities. 
Embodied and tangible computing can provide opportunities to express one’s intentions 
locally to one’s co-workers, and also to perform computation, through artifacts.   
“Embodied Interaction is the creation, manipulation, and sharing of meaning through 
engaged interaction with artifacts” (Dourish, 2001). 
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4.1 Interactive Meeting Space technology 
In Chapter 2, the concept of the interactive meeting space was introduced and compared 
with a modern theater stage. Theater stages often provide rich light and technical effect 
rigs, and an intense level of collaboration amongst technicians, directors, the production 
team and the actors, as they produce and prepare a play or stage event. The technology of 
a stage also demands and utilizes its own visual, audible and mechanical systems and 
effects, networking protocols and infrastructures and control consoles (or user interfaces). 
Similar to an air-traffic control room (Hughes et al., 1995a) or a cockpit (Hutchins, 1995) 
these spaces, control consoles and instruments have been designed and developed based 
on the practice and tradition of the earlier technologies. 

In Mark Weiser’s vision of Ubiquitous Computing, he particularly envisions developing 
meeting and project work practices to make computation as directly available as the 
earlier technologies: paper notes, notebooks, post-it stickers (organized on a wall), 
chalkboards, whiteboards, flipcharts, transparencies and overhead projectors. He 
proposed simply making computers of various sizes available so users could pick one up 
to make a note, scribble or sketch. He proposed different sizes for different purposes—on 
the scales of inches, feet, and yards; all of these devices, wirelessly networked to support 
distribution and sharing of notes, documents and sketches. To also make sharing and 
distribution easy and seamless he proposed sensors that could detect the position of 
different devices and enable users to select and address a particular device without 
fiddling with long and unrecognizable network addresses.  

Another major direction for interactive meeting spaces is teleconferencing and distant 
collaboration, in the Media Spaces project, also carried out by researchers at Xerox in the 
early 90’s (Bly et al., 1993). Particular interests were smooth integration and casual and 
task-specific interactions, to let users meet both informally and formally, as critical 
qualities of productive, distant group work. In media spaces video, audio, and computing 
capabilities were integrated into the physical environment to bring people together 
distantly but also casually. The necessary technology for both Ubiquitous Computing and 
the Media Spaces is currently available, in the form of as PDAs, cell phones, laptops, 
conference room projectors, wireless networks, and instant messenger applications with 
audio, video and application-sharing support. However, the use and form has taken a 
slightly different direction than these visions from the early 90s. 

The users also tend to bring in more and more personal equipment to use within the work 
session, such as laptops, PDAs, and smart phones. They also demand more and more 
support from the environment, through equipment, whether stationary or specifically 
brought into the environment, such as projectors, and wireless internet access, to support 
the project activity. The personal devices mainly serve the individual user with personal 
services and documents, both for their individual needs and for cooperation and sharing 
purposes. The stationary resources provided for collaborative needs provide a target for 
sharing services, documents and interactive collaborative computation.  

In the interactive workspace environment of iLounge (described in section 4.3.1) at KTH, 
Kista campus, the stationary resources include a number of wall-sized public displays. 
Additional peripheral media includes a 3D sound system and a home automation system 
that can control and adjust the room lighting, and change the feel and appearance of the 



Pointing, Placing, Touching 

35  

room by the changeable and machine controlled cloth walls. Many of these peripheral 
appliances represent an extension of the media that is communicated; for example, 
beyond traditional modalities presented through different sizes of graphical and 
rectangular screen displays. This provides an enabling infrastructure or platform that can 
provide examples of peripheral or ambient media, but it has honestly not been used that 
much, as it does not provide a directly accessible and significant service and requires 
careful and targeted design and maintenance. The Ambient Room (Wisneski et al., 1998) 
provides a more complete example of such an ambient media display, but it provides a 
fancy illustrative demo rather than significant and regularly used services. Here the 
example of the theatre stage is again relevant, as the audience does not notice the 
traditional theater lighting, but it still enhances the expressions and moods of the 
performance. 

Several similar interactive meeting spaces and ideas have also been built.  Examples are  
the iRoom at Stanford University (Johanson et al., 2002a) the i-Land at IPSI Darmstadt 
(Streitz et al., 1999), and the Oxygen project / MIT E21, intelligent Space1. A number of 
deployments of interactive meeting spaces also address spaces that are more flexible. For 
those deployments, the equipment need not be as permanent and fixed within a specific 
environment. Examples of such workspaces are the Robert L. Preger Intelligent 
Workplace at Carnegie Mellon, the media spaces at Electricité de France, and the one 
being built at RWTH Aachen(Borchers, 2006). Other interactive meeting spaces are even 
more flexible, but usually less intensely reliant on flexible and movable resident 
technology; one such trend is spontaneous or nomadic interaction (Kindberg et al., 2002). 
Spontaneous interactive work setups can be based on ad hoc groupings of users wherever 
they meet and integrate their use of personal devices such as laptops, PDAs or smart 
phones. Complementing the scenarios of spontaneous interaction are  supporting 
appliances such as the Meeting Machine (Barton et al., 2003) where a basic iRoom 
functionality is provided by an appliance that is brought in to provide an interactive 
meeting space setup for nomadic users (Kindberg & Barton, 2001). 

With augmented environments and interactive meeting spaces—interfaces, artifacts, 
systems and infrastructures—enable us to monitor, control, automate and interact with 
physical artifacts at home, at work and in everyday spaces (Kindberg et al., 2002, 
Ballagas et al., 2003, Intille et al., 2005). Among the key technical issues are ways to 
integrate the discovery, selection and control of these elements and services, with the 
goal of interoperability (Weiser, 1993). Much work has also been done on the user 
interfaces needed for these complex environments of multiple interactive devices to allow 
human users to control and interact with them. User interface issues become particularly 
demanding when users are dealing with multiple highly interactive artifacts (or surfaces) 
such as interactive furniture, walls (Streitz et al., 1999, Guimbretire et al., 2001, Russell 
et al., 2005), and visualizations and displays (Johanson et al., 2002b, Robertson et al., 
2005). In interactive meeting spaces these situations of interaction are considered from 
the perspective of multiple users coordinating parallel and collaborative interactions (both 
co-located and remotely) within these environments, and integrating personal equipment 
and practices. In these situations, the interaction becomes a clutter of social and physical 
human activities and interactions integrated with the technology. 

1 http://oxygen.lcs.mit.edu/E21.html  
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The interactive Room Operating System (iROS) is a type of software infrastructure or 
middleware whose various software components and services facilitate the distribution 
and interaction between participants and devices used within a shared space (Johanson et 
al., 2002a).  

4.1.1 iROS – Software Infrastructure for Interactive Meeting Spaces 
According to the team at the Stanford Interactive Workspaces project, their general 
motivation for building the Stanford iRoom and developing the iROS software 
infrastructure is as follows:  

We believe the iRoom is representative of "Weiserian" ubiquitous computing spaces 
within the task domains we are addressing. We are actively pursuing research on the 
intersection of HCI and systems problems that arise in deploying, operating and 
developing applications and human interfaces for an iRoom, including:  

- Multi-device, multi-user applications 
- Multimodal and fluid interaction 
- Reusable, robust, and extensible system software for deploying COTS-based 

ubiquitous computing environments like our own  
- Integration of large (wall-sized) displays with advanced visualization capabilities 

into an iRoom 
- Integration of computing "appliances" including PDA's, scanners, digital cameras, 

etc. into an iRoom.1 

Table 4.1 Throughout this work the examples and concept are mostly based on the pre-market, open 
source versions of iROS (e.g. Teamspace and iROS Manager). Several of the conceptual descriptions 
refer to the names, documentation and motivations from the commercial Tidebreak (tm) version. 

IROS provides a software infrastructure and various services and applications that 
facilitate the sharing, collaboration and coordination of digital content between users and 
multiple devices in a shared physical space. IROS was initially developed within the 
Stanford interactive workspaces project; then, in collaboration with other sites, such as 
the WGLN iSpaces project, a number of versions or distributions of iROS, including 
various  applications, were released under various names (e.g. iwork services, Event 
Sharing, iROS X, Meeting Machine, iROS2, iROS Manager, Teamspace).  Now iROS 
has moved into a commercial spin-off, Tidebreak–Teamspot. Table 4.1 provides a 
summary of the iROS and Teamspot services and key features.  

The Event Heap (Johanson & Fox, 2002) and iROS (Interactive Room Operating System) 
(Ponnekanti et al., 2003) are used in the Stanford iRoom as well as in iLounge.   Central 
1 http://iwork.stanford.edu/ 

iROS Tidebreak 
MultiBrowse CrossWarp 
iClipboard CrossPaste 
PointRight PointRight 
Unnamed (Authentication) Unnamed (Authentication)  
EventHeap Teamspot Host 
PatchPanel Not included 
Work Space Navigator Session Archive 
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to the iROS is the EventHeap server. Coordination of different applications is supported 
through posting or subscription to messages (event-tuples) published (posted) to the event 
heap and subscribed to from the event heap. Different distributed software applications 
may decouple devices and from the phenomena’s they support, and represent them as 
individual, distributed services. The services, publish, and subscribe to events, e.g. 
keystrokes represent such phenomena’s, common for many computer devices. An 
example here on a decoupled service is the way any computing device can be used type, 
or post keystrokes to any other computer device. For such a service keystroke events are 
posted by a keystroke sender application on one device, another device subscribes to 
keystroke events and interpretations the events, as if the keys were typed directly on that 
device. EventHeap is based on a slightly modified, re-implemented tuple space; this name 
was introduced within Linda (Gelernter, 1985) system for coordinating parallel 
programming. Events can be posted to the Event Heap server and template events can be 
registered there as a subscription for events that match that template event. Several other 
iROS components, including iCrafter (Ponnekanti et al., 2001), Data Heap and Context 
Memory, can also be used to provide information and support, such as keeping track of 
usage and discovering currently available Event Heap services and applications. New 
applications can easily be integrated to with the Event Heap, just demanding a few lines 
of Java code. The Event Heap server also specifies raw socket communication protocol, 
and a C++ API.  

The iROS Manager bundles the Event Heap and several iROS applications into an easily 
maintained application package. The iROS Manager supports simple installation of Event 
Heap applications such as PointRight (Johanson et al., 2002b) and  Multibrowse 
(Johanson et al., 2001); it can also as setting up and running Event Heap servers. The 
iROS Manager also supports the packaging of additional iROS applications, making them 
easy to install. Finally, it also supports another set of functions: starting shutdown, 
detecting failures, and restarting iROS-maintained applications. The applications it 
maintains are not limited to Event Heap dependent application; the iROS Manager can 
also maintain, start and stop any other applications owned, or launches through it. An 
implicitly defined requirement for the applications or services maintained by iROS 
Manager is that they be crash safe. If the crash safe applications or services are 
considered to be down, it should be possible to reboot that service without having it cause 
an inconsistency in the system or recognizable losses of work content. The iROS also 
contain several user applications, to support collaborative work and locally distributed 
interaction over multiple devices. 

PointRight is an application that enables sharing or redirection of mouse and keyboard 
events between different computers. Users can create a model of the geographic 
relationship between the different screens in the environment, using the space-model 
editor tool. When they apply the edited space model, the transitions will become 
applicable as they move the mouse pointer to the edge of the screen, where the pointer 
will continue over to the screen that is modeled as geographically located next to the edge 
of that screen.  

Multibrowse is an application that supports a way to share or drop files, URLs, etc. on 
other computers. The Multibrowse droplet is a small window that expands when the user 
drags a file, URL, etc. over the window, which shows a list of available targets, and then 
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selects a list element. As the user drops the dragged content on Multibrowse, it posts to 
EventHeap an event addressed to the selected target.  Then, if the dropped content not 
already is available as an external URL, a one-file web-server is temporarily launched. 
Multibrowse does require that a Multibrowse service be running on the local devices; that 
service subscribes for events containing Multibrowsed content and then starts or opens 
the content in a web browser.  

IClipboard makes it possible to share the clipboard.  An event containing copied content 
is posted to the Event Heap, whenever a copy or cut action is made on any computer. All 
the iClipboard services subscribe for clipboard events, and replace the content of the local 
clipboard on the retrieval of these events.  

Workspace Navigator (Ionescu et al., 2002) provides a way to store and recover work 
from previous sessions of project work. All the files used during a project are logged 
automatically to a database and a copy of the file is persistently stored in a shared file 
area. Workspace Navigator also stores screenshots and overview images of the working 
environment. Users can browse the stored data at their next project session when 
someone wants to retrieve a previously used working document or a screenshot of a 
previous session.  

iStuff (Ballagas et al., 2003) is a toolkit to support the rapid prototyping of elements of 
post-desktop and tangible user interfaces. Interaction based on these elements is 
coordinated through the iROS and the Event Heap. The iStuff is based on simple and 
wireless devices, interfaced to a networked computer over the wireless link. The events 
or information exchanged with iStuff is passed through a device driver that interfaces the 
iStuff to the Event Heap. Examples of iStuff devices include the iButtons, iSpeaker, and 
iDog. iButtons are wireless buttons that generate an event each time the button is pressed. 
The iSpeaker consists of an FM radio and a short-range FM transmitter connected to the 
audio output on a computer. The iSpeaker can play an audio file or speak a text string that 
is posted to it along with an event. The iDog is a toy dog with a tilt switch attached to an 
iButton. Turning the iDog around will make the iSpeaker play a barking sound. Other 
samples of iStuff are the iSlider, iBusser, iMic, iLight, and iPen, etc. To make iStuff 
easily adaptable to other applications, its designers built it to communicate with a set of 
events that is provided at one time for all. The Events can be adapted through the 
PatchPanel (Ballagas et al., 2004), a tool that supports translations or mappings of events. 

PatchPanel provides a way to connect different applications or iStuff devices without 
programming; the user need only add some configurations through the PatchPanel 
manager GUI (Figure 4.1), or run a PatchPanel script. The PatchPanel maps translations 
or new events to any event that is posted to the Event Heap. This makes it possible to 
create or implement innovative devices or applications that launch or subscribe 
application-specific events and map these events to the specific events communicated by 
any device or application. 
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The Event Heap provides a backbone that enables users to decouple (Winograd, 2002) 
and distribute regular interactions with computers using mice, keyboards, or shell 
executions of commands and communications of interactions; they can also use custom-
designed devices and off-the-shelf applications. The PatchPanel provides a flexible and 
easy way to re-couple the interactive devices in a way that is meaningful from an 
interaction perspective, without having to reprogram the whole communication stack at 
each separate distributed device in an interactive media space. 

4.1.2 iLounge and local Interactive Meeting Spaces 
The iLounge (Figure 4.2) at KTH (Kista campus) in Stockholm, Sweden, is an interactive 
environment designed to support, and allow the study of, creative collaborative work for 
groups engaged in project work, meetings, workshops, conferences, brainstorming, 
entertainment, playing, etc. In this technology-rich environment, a number of computers 
and devices are interconnected to provide support for flexible and creative collaborative 
work processes (Sundholm, 2007). Large wall screens, table screens, and table computers 
offer support for users who bring and make use of their personal computers and 
equipment in a flexible way. Each display is connected to a separate computer. Users can 
freely use each of these computers, and the computer is set up to support users in moving 
and sharing the computation between the computers.  For example, they can move the 
mouse pointer between the screens, or copy and paste content between computers. The 
stationary computers can be used with their default setup. The iLounge also allows 
personal computers to be integrated in the workspace.  

Figure 4.1 Screen dump, from the PatchPanel Manager GUI 
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The environment can be automatically adjusted and changed to adapt to some of the 
room’s physical properties. The automated control over the physical environment (X10) 
includes tools to control the lighting and ways to create completely different experiences 
of the room by wrapping  the working area with curtains of different colors—or 
unwrapping them. These automatically controlled properties enable the users to adapt and 
change the environment according to various special or custom needs such as a specific 
lightning setup, or dividing the room to allow for smaller groups. The controllable 
equipment mainly provides an example of post -desktop output on displays that support 
ambient media. Another example of an ambient media display in iLounge is the iClock, a 
regular analogue wall clock where text messages can temporarily fade in, and will 
eventually be complemented by an ambient sound cue. A physical knob (Jonsson & 
Mattsson, 2002) has been used as alternative input device; through tangible actions, the 
users negotiate towards an agreement on the currently accepted level of intrusions, e.g. 
can an incoming phone call be accepted?   

iLounge also has videoconferencing facilities, video recording for documentation/study 
purposes and a video/image analysis source for recognizing context and interaction 
within the room. High-end audio facilities allow for playback, recording and user 
detection, e.g. a sound source location service reports the geometric location of the 
sounds and talk that occur in the room. 

iLounge has also been an environment where researchers could experiment with and 
study interactive co-located collaborative work. In the current version, the iLounge 
represents one physical environment; other environments, based on similar technologies, 
include the iRoom at Stanford University. Researchers at KTH have also deployed a few 
lightweight interactive meeting spaces (Figure 4.3), based on the Teamspace (Shih et al., 
2004, Croné, 2006) concept and the system software distribution provided by the 
Interactive Room Operating System or  iROS (Johanson, 2003) . The lightweight 
Interactive Workspaces have one shared wall-sized screen or projection connected to a 
dedicated room server. 

Figure 4.2 Left: A blueprint of the iLounge.  Right: A project group entering iLounge to start a 
collaborative work session. 
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The primary system software in use in iLounge is based on the Event Heap and iROS 
(Johanson, 2003) applications, but the initial iLounge deployment included some demo 
applications and information mobility support based on Jini  (Werle et al., 2001). The 
Event Heap and iROS have also been used in a system design assignment within a 
Ubiquitous Computing course (INT8/2I1710/2I1721) during the spring semesters of 2005, 
2006 and 2007. The location-aware iROS is also described in section 7.2.4. The students 
installed an iROS development environment in the computer labs, running one computer 
as an iROS and Event Heap server and some others as clients. They also designed and 
implemented  scenarios and applications that added context, primarily location awareness, 
to iROS, using the spots system (Jonsson, 2007). 

4.2 Tangible User Interface technology  
Ubiquitous computing is commonly considered a form of support for interacting with 
everything—people, places and things. Among the central technical challenges of 
Ubiquitous Computing are communication, service selection, discovery, and 
interoperability between devices and services (Weiser, 1993, Kindberg & Fox, 2002). At 
least as important is how the technologies and services appear and can be used.  That is, 
how can we interact with the technology in the social and physical world where we live 
and communicate with others? 

One key goal of this work is to explore how to enable interaction with computational 
media to become more fluent, and integrated with our overall interaction with other 
people within the physical environment. Much product development emphasizes mobile, 

Figure 4.3 lightweight interactive meeting space was deployed in the Forum Library at
KTH (Kista campus) 
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individual and personally-customized computational devices, e.g. cell phones, mp3 
players, and digital cameras as well as personal laptop computers. In public spaces, work 
environments, conference rooms, auditoriums, theatres, and cinemas as well as homes, 
various residential media devices are common, including information boards and 
information kiosks, digital advertisement boards, wall displays, projectors, audio 
announcement systems, light control and home media centers.  They are all potentially 
available to display, play and manipulate digital media in public or shared spaces.  

Tangible User Interfaces (Ishii & Ullmer, 1997) and Embodied Interaction (Dourish, 
2001) have a goal to view and develop user interfaces as a part of the real world, not as 
isolated computing devices with a separate user interface. Thus, we must also view every 
particular device and technical solution in its context and use, including the physical 
space, the social space and the technical, communicative properties of the device. By 
social space, we particularly stress that the context of use includes not only an individual 
person operating a device at a particular time, but also the overall social situation: who is 
around, and whether the device is operated in direct negotiation or on the demand of 
someone else. Similarly (Klemmer et al., 2006),  articulating an understanding of the 
world, raise five themes they see as particularly relevant to interaction design: Thinking 
through Doing, Performance, Visibility, Risk, and Thick Practice. Two themes—
Thinking through Doing and Performance—emphasize individual aspects of physical 
manipulation. Visibility applies to learning (through seeing the performance of others) 
and aspects of coordination. Risk relates to responsibility, commitment and awareness of 
others’ actions. Finally, Thick Practice examines ways to keep up characteristic skills and 
communication in a work process and how such skills were used traditionally. The air-
traffic control room (Hughes et al., 1995a) and the cockpit (Hutchins, 1995) serve as 
examples of Thick practice, along with the design and development of these spaces, 
control consoles and instruments, based on common practice and traditions. 

A goal of this work has been to find technical solutions that, in the context of sharing and 
collaboration around digital media, make digital products as hands-on and engaging as 
the direct interaction with physical objects, models or documents. A particular emphasis 
has been on implementations of enabling technologies for physical interaction that 
involve the collaborative use of multiple media devices. Interactive meeting spaces to be 
used for meetings and collaborative project work provided the basic scenario and a test-
bed for the sample applications.  

Several researchers and designers have described aspects of prototypes and perspectives 
that we commonly want to explore and communicate with different prototypes. (Wong, 
1992) introduced the terminology of lo-fidelity vs. high fidelity prototypes. Lo-fidelity 
refers to simple prototypes (sketches, experiments or scenarios) commonly highlighting 
isolated aspects or features of a product. High-fidelity refers to more sophisticated 
implementations, commonly using the same materials or technologies as for the final 
product. (Houde & Hill, 1997) describe the purpose of prototypes with three different 
aspects of inquiry in mind:  role, look-and-feel, and implementation. Look-and-feel 
particularly focuses on the form and manipulation of a product, while implementation 
deals with technical feasibility and specifications. Role refers to the significance of a 
particular product and the problems it solves or the indispensable qualities it provides. 
The prototypes, however, do more than test if a material, form or technology is feasible 
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for some envisioned purpose; they also provide inspirations to revisit prototype 
implementations. Like sketches (prototypes), new materials, tools, technologies or 
observed practices  can also serve work as inspirations or rough prototypes; an example is 
people accomplishing an activity in particularly smart, procedural, surprising or 
interesting ways  (Buchenau & Suri, 2000, Holmquist, 2000). 

In “Expected, Sensed, and Desired”… (Benford et al., 2005) introduce a design 
framework for sensing based interfaces; they aim to bridge the methods of generating 
design ideas and the tradeoffs involved in developing and refining sensor-based 
interfaces. The framework focuses on movement- sensor based interfaces, including 
video, audio-tracking, electronic tagging, load sensing, light sensing and mechanical 
movement sensing. The concept of expected movements’ addresses the user’s naturally 
performed movement and manipulation of or near an artifact. Sensed movements are the 
movements and manipulations that can be measured and detected by a computer and the 
desired movements are those that are required by a given application. Four current 
threads within HCI are claimed as motivation for the expected, sensed and desired 
framework: 

- Growing interest in sensing technologies enables interfaces to respond to a variety 
of sensed (both explicit and implicit) interactions(Schmidt, 2000, Abowd et al., 
2002), not only as direct manipulations of traditional computer devices. 

- Physical forms of interfaces are diversifying, into smaller, larger and often more 
purpose-designed specialized one-off appliances. 

- Increases are seen in mobility, cell phones, handheld computers, wide area 
positioning and engagement in physical movements. 

- Researchers are looking beyond traditional productivity-oriented workspace 
technologies.  

The framework highlights some extraordinary measures and quirky manipulations of a 
sensor-based interface. This perspective also relates to the idea of seamful ubiquity and 
design, described as “seamful systems, with beautiful seams” (Weiser, 1994), also further 
investigated in (Chalmers & Galani, 2004), exposing the underlying infrastructures, 
technology, and sensor interfaces with all their capabilities, extreme behaviors or 
limitations. The intersection of those three perspectives represents the specified role or 
significance of a sensor-based interface, tool or artifact.  (Sharlin et al., 2004) identify 
some additional related observations or heuristics on sensors and human spatiality-based 
interfaces such as Spatial Mapping, I/O unification, and support of “trail-and-error” 
activity. Spatial mapping refers to the relationship (or mapping) between the spatial 
manipulation and the achieved effect, that is, how “natural” or “well learned” the spatial 
manipulation is. For example the mouse provides a direct mapping between two degrees 
of freedom (DOF) interaction devices, and the two DOF for the manipulation of a regular 
GUI; likewise and a regular QWERTY keyboard offers a well-known and learned 
mapping between the letters and typing. I/O unification refers to the distinction between 
input and output, e.g. how well a TUI manages to maintain its physical state digitally; if 
the spatial, physical state can be controlled, reflecting the digital state of a TUI, this 
aspects is of interest in the MCRpd model (Ullmer & Ishii, 2000). Finally, the support for 
“trial-and-error” activity also relates to how to detect and deal with the compliments to 
the intersection of the expected, sensed and desired manipulations, mentioned above.  
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As the distinction becomes blurred between software applications and interfaces in 
relation to physical products, tools and artifacts, the manipulation and feedback must be 
more carefully addressed, in relation both to significant intended manipulation, and also 
to unexpected interactions. The usage of tangible user interfaces or physical objects and 
tools, involves a large amount of playing around and randomly try them out, or even 
develop new unexpected practices and tools out of such manipulation. The applications 
of physical tools often move far ahead of their particular and efficient use. For example 
most of us both know how to, and can get, an appropriate tool for driving a screw or a 
nail, but often use whatever we find nearby wear with us such as a door key, kitchen 
knife, stone, etc. 

4.2.1 Toolkits, platforms, sensors and protocols 
Many aspects of sensor-based interfaces are like the sensed, expected and desired aspects 
described earlier, also in (Benford et al., 2005). However, one of the central engineering 
perspectives on tangible user interfaces concerns sensors and identification techniques. 
Electronic tagging, one such technique (Want et al., 1999), was an early example of 
electronic tags, RFID for a tangible user interface, being used to bridge the physical and 
virtual worlds. Other technologies that have been widely considered with similar goals 
and purposes include tracking and recognition techniques to resolve the identity of 
various physical objects, and to sense properties such as color, size, motion, and weight. 
An example is i-Land (Streitz et al., 1998, Prante et al., 2004), which uses objects with 
various weight properties associated with files or data entities. They used the weight of 
each object to identify the object; to associate a file with a physical object they placed the 
object on a load sensor attached to the computer where the file is residing. To move the 
file, the physical object is grabbed and moved to another load sensor. 

Other projects have worked on ways to make the use and implementation of tangible user 
interfaces easier for people who do not have a background in hobby electronics or 
electrical engineering. The toolkit provides pre-made physical elements and prepared 
processes for interfacing these physical elements to computer applications. The toolkits 
try to decrease the time and effort that users must spend to dig into low-level hardware 
details. Papier-Mache (Klemmer et al., 2004) is a toolkit that focuses on input within 
tangible user interface systems. It provides abstractions for capturing and analyzing of 
interactions with the physical world, based on technologies such as computer-vision, 
RFID and barcodes. The Phidgets (Greenberg & Fitchett, 2001) is a toolkit provided as a 
tangible extension to graphical user interface widgets. Each phidget supports a graphical 
representation as a simulation component, which makes it possible to provide mock-up 
implementation while the physical pieces are constructed or delivered. The graphical 
components also maintain and monitor the connection to the phidget, to indicate whether 
or not it is correctly connected. A connection manager handles the connection to the 
hardware and provides a consistent communication protocol to the simulation component. 
Most phidgets are based on a USB-enabled platform and currently the most general 
phidget component supports several digital inputs and outputs complimented with a few 
analogue inputs. Other specific and extended implementations of phidgets control the 
outlets in a power-bar, R/C servos, light-sensors, switches etc. The iStuff (Ballagas et al., 
2003) approach is to build simple and wireless devices preferably based on off-the-shelf 
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devices; for example  a standard small battery radio with an internal speaker becomes an 
iSpeaker as a small FM radio transmitter is connected to the audio output of a computer. 
Thus, the emphasis is on putting together simple devices without requiring great 
hardware knowledge; existing components are simply combined, but not customized. For 
example, the iStuff iButton, a wireless one-bit push button, is based on an on-a-chip radio 
transmitter and an 8-bit shift-register. iStuff was developed so that  most of the 
computation can be carried out on standard computers and through a simple device-driver 
that interfaces the wireless device to events posted or subscribed at the Event Heap 
(Johanson & Fox, 2002). iStuff also includes a translation and re-mapping of these events 
to any other events by the PatchPanel. The translations of events are used to easily adopt 
or change an iStuff component to control or react on various other applications in use. 

Several other middleware and sensor platforms have been designed with the goal of 
collecting of sensor data, and integrating it into context- sensitive and sensor-based 
interactive software. Smart-its (Gellersen et al., 2002) and the Berkeley Motes(Levis et 
al., 2004) are examples of wireless sensor platforms. TinyOS 1  a component-based 
operating system and platform targeting wireless sensor networks (WSNs) were 
particularly designed for the Motes wireless sensor networks hardware platforms. The 
Context Toolkit (Dey, 2000) facilitates the development and deployment of context-
aware applications. The Context Toolkit consists of “context widgets” and an 
infrastructure that hosts the widgets. Context widgets are software components that 
provide applications with access to context information while hiding the details of 
context sensing, in the same way as GUI widgets. 

1 http://www.tinyos.net/  
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Chapter 5 A pointing interaction technique: iwand 
In this chapter, the development of the iwand interaction technique is described. The 
iwand is a tangible interaction technique that supports users in identifying and selecting 
physical objects and devices in interactive meeting spaces. It is a line-of-sight pointing, 
and target selection technique. Identification and selection of devices and associated 
services is addressed by pointing at sensor targets attached to computer devices in the 
common physical space (i.e. interactive meeting spaces), using a pointing tool. 

The pointing interaction is initiated holding an iwand pointing tool, and aim it towards a 
pointing target. This also makes the interaction visible for, collaborators, so they become 
aware of the intended interaction. The aiming towards the specific targeted physical 
iwand target with a pointing tool also provides the others with guidance and an 
opportunity to predict the intentions of that specific co-worker. These physical actions by 
users provide expressiveness and awareness about the ongoing action. This awareness 
can encourage co-workers to interfere in and argue against an interaction, passively 
approve, or accept it. That makes the decision collective: whether to place a specific user 
action at the centre of attention or let it pass without providing major intrusions or a shift 
of focus. The iwand interaction technique is designed from an action-centered perspective, 
so it can be used spontaneously by any of the present co-workers, e.g. to configure an 
environmental setting or move a file or the control between displays or storage units. In 
multi-user and multi-device rooms, the iwand present an interaction technique, enabling 
the users to select and establishing connections and control, spanning between multiple 
applications on different devices.  

We describe the development of a platform for the development of applications that use 
the iwand, pointing interaction technique. The iwand platform is designed as a tool that 
supports a group of collaborators as they switch their focus, work mode and settings. For 
the use of the iwand interaction technique, the pointing tools is expected to be used as a 
shared artifact that belong to the environment and not primarily considered as a private 
and personal devices brought in by the individual users. The implemented iwand platform 
uses a laser pointer based implementation, to identify and recognize selected discrete 
pointing targets. The design, using the laser based iwand pointer tool that generate the 
laser pointer spot also guides the user, in the selection of a specific target of action, a 
feature that Beigl (1999) also mentioned for interaction based on laser pointers. The 
optical feedback of the laser spot provides guidance for the user actuating an action; it 
also shares the intended goal of the interactions. The user interaction also provides a 
protocol to commits actions on the system, triggered by the laser-spot, when the laser-
beam hits the laser-tag targets. 

A number of scenarios, experiences and observations from interactive meeting space 
deployments (precursors) have provided the inspiration and problems addressed by the 
development of the iwand, and the pointing interaction technique. Figure 5.1 provides an 
overview of the development of the iwand – pointing interaction technique, and the 
sample application, application themes and precursors.  
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The introduction to 5.1 includes a motivation, a conceptual description and an overview 
of some similar and comparable solutions and applications to the design. A number of 
design iterations have been carried out, from the initial prototype, that indicated that the 
protocol and concept being used is able to identify physical targets, wirelessly and within 
the line-of-sight. Tests of the initial prototype showed that the protocol was applicable, 
but it also revealed some technical shortcomings. A number of application schemas (the 
Spells), have been used to further develop, the iwand, pointing interaction technique. 

5.1 Pointing and multi-device selection 
More and more services, including web services, reside on servers, often without clear 
connections to the ways they physically relate to any users. Moreover, devices are 
becoming wireless (802.11/WiFi, Bluetooth, 3G, etc.), making it harder to see how they 
are connected to each other. In interactive meeting spaces, computation changes from the 
personal use of a computer to groups of users who share many devices, services and other 
computational resources. There it is hard to provide the notion of a shared understanding 
about how devices and services are connected and incorporated to support ongoing 
collaborative activities. Users want a shared overview of how devices and services in the 
environment currently are configured. The overview can guide us as we utilize available 
services and devices to support the common activity. 

Connectivity is becoming physically invisible and increasingly turning into a matter of 
exchanging messages between ‘networked services’ or ‘wireless devices’. In interactions 
between humans, much of the interaction is coordinated through direct handling and 
bodily gestures. For these situations (described just below) the goal of the interaction 
mechanisms is not primarily to provide the most efficient and accurate way for a user to 
input continuous data to a computer. Rather, these mechanisms appear in the phases of 
configuring and connecting various services and devices so that the activity of creating a 
given setup leaves a materially experienced trace of the way that services in the 
environment are connected and used. Many researchers have explored (and users have 
gotten used to) the process of continuously and effectively inputting data, at least for their 
desktops, laptops, and seated semi-stationary settings; they are generally satisfied with 
existing traditional input technologies such as the mouse and keyboard. 

Multi-device selection targets various approaches for managing computation that is 
distributed on multiple different devices, and managed by several users. A particular 

Figure 5.1 Illustration of the phases of development, prototyping and deployment of the iwand
interaction technique, and the corresponding sample, prototype applications and investigations. 
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focus here is how to manage services on multiple devices in such a way that they can be 
used and shared between multiple users and devices; the aim is to preserve the social 
conventions provided by hands-on physical and visible interaction, in contrast to the 
individual manipulation of user interfaces or scripts executed on a personal computer 
device. Particular emphasis has been placed on the interaction involved with turn-taking 
or change of activity, as users shift between and select applications and devices to use.  

A number of other projects have also explored laser-pointer interaction, including some 
mentioned above. Similar to the work of (Beigl, 1999, Ma & Paradiso, 2002, Ringwald, 
2002) the implementation of the iwand interaction technique is based on a dedicated laser 
sensor-tag implementation. Also, several examples of other laser-pointer based 
applications and interaction techniques are based on video tracking, particularly targeting 
pointing for on-screen manipulation (Kirstein, 1998, Olsen & Nielsen, 2001, Myers et al., 
2002, Wilson & Shafer, 2003). In comparison to most of these examples of interactive 
applications for laser-pointer tools, the iwand also provides a platform and a number of 
application schemas of pointing based multi-device selection. 

Below, we offer an overview of comparable approaches and tasks of multi-device 
selection explored and managed by other systems, but also applicable for the iwand 
pointing interaction technique, described as universal remote control applications, 
contextual guidance, and association tools. With the universal remote control a number of 
approaches for control and selection of services, based on physical interaction is provided. 
The contextual guidance, both give a background describing contextual guidance within 
graphical user interfaces, and give an overview of some systems to for the provision of 
services and guidance based on location. With the association tools, give a background 
that describing applications that addresses association and communication of local 
devices and describe some systems that addressing establishment of communication 
between devices, based on physical selection. 

5.1.1 Universal remote control 
A particular concern is interactions such as toggling and control of simple parameters e.g. 
toggling appliances on and off, or changing some specific parameter value, such as 
volume. Prototypes exploring similar real-world service selection tasks have been 
implemented earlier Ballagas, et al. (2003), Zimmermann, et al., (2002), Ringwald (2002), 
and Masui and Siio (2000) provide some examples. 

The iStuff-iButtons are wireless dedicated one-button remote control devices that are part 
of the iStuff toolkit (Ballagas, et al, 2003) for post-desktop computing interfaces. The 
button press transmits its ID using custom RF-transmitters and receives the ID through a 
corresponding receiver. The receiver is connected to an I/O port on a host computer, and 
a device driver wraps the received button ID into an event that is posted to the EventHeap 
(Johanson, 2003). The iButtons and other iStuff such as the iSliders are the basic physical 
components of the iStuff, a rapid prototyping toolkit for new innovative interfaces and 
interface hardware. To handle more interactions more complex than a single click, such 
as changing multiple parameters or tasks, some other service or user interface is required. 

The V2 URC (Universal Remote Console) (Zimmermann, et al, 2002) is a 
standardization attempt for remote controlling, and a prototype implementation of a 
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universal remote console. The prototypes are based on a handheld device; a personal user 
interface suited and adapted for personal needs and different console appliances may be 
generated. The URC device controls various user devices, both at home and on the run, 
such as regularly remote controlled home appliances and ATM machines. The V2 URC 
supports several different communication protocols; in the case of the V2 URC prototype, 
Bluetooth with universal plug and play (UPnP) and 802.11b with Java/Jini were used.  

Masui and Siio (2000) described the field mouse prototype, a bar-code reader combined 
with a motion sensor. The device allows the user to control a number of different 
appliances by interacting with paper widgets. For example, a printed volume control was 
attached to a speaker; the printout also included a barcode that identified the volume 
control. The user could control the volume on the speaker, or the software that streamed 
sound to the speaker, by scanning the volume bar code and then tilting the field mouse 
clockwise to increase the volume or counter- clockwise to decrease it.  

A number of other projects have also addressed laser pointers as interaction tools for 
selecting and controlling devices and associated services in a multi device environment. 
The UbiControl (Ringwald, 2002) is a laser-pointing device based on a PDA. The PDA 
sends identification information, modulated over the laser beam, to the targets being 
pointed at, which are connected to the serial (HotSync) port on a computer. The PDA 
gets a response over a wireless network with user interface instructions for how to control 
an appliance that is connected to or associated with the target. This laser-pointing concept 
was further developed for local interaction (Kindberg & Zhang, 2003, Patel & Abowd, 
2003). In particular, the physical and local properties of laser-pointing interaction were 
described with concerns about the security properties of being physically in place. 

5.1.2 Contextual guidance 
Graphical User interfaces have inspired a number of approaches to provide context- 
sensitive help on various activities. The most common is support systems that can trace 
the mouse cursor and provide help, as a tool tip or balloon text, as the user presses a 
particular key (F1) or hovers briefly over a particular button. These systems provide 
related, contextual help based on the mouse-cursor position within the graphical user 
interface (Shneiderman & Plaisant, 2004).  

Similarly, a number of context- and location-aware ubicomp systems have been designed 
to provide various sorts of contextual guidance, based on the user’s location. Examples of 
prototypes and systems addressing similar concerns are found in CoolTown (Kindberg et 
al., 2002), Websigns (Pradhan et al., 2001) and GeoNotes (Espinoza et al., 2001). The HP 
CoolTown (Kindberg et al., 2002) and Websigns (Pradhan et al., 2001) are systems 
provide links between physical locations and web-based information, where the real 
world becomes a way of physically navigating  between web sites, providing a notion of 
“physical web-browsing”. In CoolTown, a main technology that is used is indoor location 
maintained with infrared beacons, as URL references to physical places. In Websigns, the 
focus is on outdoor physical browsing where an electronic compass and a GPS provide 
the system with location information. A sector in the user’s focus directions is scanned 
for Websigns, which manifest as spots: geographically and virtually defined beacons or 
information and service entities in the environment.  In the GeoNotes, location is sensed 
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by, determine the nearest wifi access point. The GeoNotes, allow users to post virtual 
messages, or notes that later can be found by other uses when showing up at the same 
location. 

Contextual guidance provides a target for applications that is highly suitable for 
interactive media. Supplied information could easily be adapted to provide specific 
information depending on the users’ needs and situations. Different modalities or 
languages for providing or sharing information are applicable depending on a user’s 
context or preferences. Various parties have proposed and applied more and more 
applications where this can be used in the physical world; they include interactive and 
wearable tourist guides or museum guidance systems. Various physical items, including 
user appliances, mechanical tools, and relics, have also been targets for supplying 
context-aware situated explanations and information. 

5.1.3 Association tools  
In environments where many users are collaborating and using many different devices, it 
is problematic to move data and maintain control of computation between users and 
devices. The processes of associating and transferring data and computations between 
different devices involve three aspects, each with its own encoding policy.   

- Selecting and moving data: moving or copying information between computers or 
displays, typically transferring chunks of data, such as files, file references or 
clipboard content 

- Selecting and moving application and I/O control: redirecting I/O streams of 
various media, for example moving mouse and keyboard control between 
computers 

- Transformation and media compatibility: transforming and encoding data and 
instructions that correspond to different devices and modalities. 

Within the Interactive Workspaces project, the EventHeap server coordinated interaction 
between distributed devices and system components (Johanson et al., 2002a). The devices 
and interaction components were decoupled from their previous static usage for dedicated 
devices or tasks (Winograd, 2002).  

The selection and transfer of control involves control and fluent, flexible switching 
between devices. That process often requires patching of cables or dealing with 
connections within underlying wireless protocols. Essentially, it requires the redirection 
and reconnection of real-time I/O-streams. By generalizing about that process, we can 
also address real-time control and media streams that are communicated over networks, 
video cards and other external sources of input. Dealing with multiple computers and 
input devices makes it hard to know which input device belongs to which computer 
screen. It is also problematic to move the e.g. mouse and keyboard usage between 
different displays (Johanson, et al, 2002). To make local collaborative work fluent, it is 
essential to share and redirect input in a natural way that users can see easily, so they can 
understand and predict others’ intentions.  

The aspect of transformation and media compatibility requires recognizing that different 
appliances have different capabilities and mediate different modalities. Devices also vary 
in the richness of their multi-modal exposure. For example, a public computer could have 
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a large public display and a high-end 3D sound system, while other appliances only 
provide a low-quality speaker or a low intensity of emitted light. Even while users are 
moving computation between devices offering the same richness or limitations of media, 
they need various compensations in order to have a comparable appearance. For example, 
to what degree should the light emitted from a small spotlight reflected if it is 
“teleported” to a high-power light source.  How should an animation on a high-resolution 
wall screen be presented if it is moved to a small handheld display device?  For some 
applications and cases, media can be considered to be moved between more ambient 
displays, or displays that are not directly compatible, for example, moving a picture to a 
light or a speaker, or from a large to a small low-resolution display. For these cases, these 
choices are up to the application designer, and they depend on the particular goal of a 
specific task, such as how translation or encoding should appear. Moreover, the designer 
must remember that such a transformation or encoding will not appear the same if moved 
back to the initial device.  

A number of other systems have addressed physical selection for association and 
communication between devices. The Ubicomp community is generally concerned with 
personal context, integrity, privacy, security and personal identity. For example, laser-
pointer devices and protocols have been proposed (Kindberg & Zhang, 2003) as a secure 
way of supporting secure spontaneous interaction and device associations (similar to 
pairing). 

Within the area of post-desktop and co-located collaborative computing, several earlier 
applications have sought to support transparent ways of moving and translating 
computation between devices. Pick-and-Drop (Rekimoto, 1997) is a direct manipulation 
technique for moving data: the data are serialized and transferred over a wireless network 
to the device where they are dropped by the same stylus. The selection and moving of 
data involves the transport of stored data, visual representations, dynamic media and 
active states of services between devices. The concept typically targets the moving and 
cloning of computations represented as files, clipboard content and running applications 
in their current state; they may be moved between computers, displays and physical 
storage.  

For files, this means moving or copying these items between different storage media 
where the files are physically stored. In active work settings, the focus is on using the 
most appropriate application to view the file content. Storage media typically address a 
computer device, with its associated hard drives, but may also target small portable 
storage areas or tokens capable of holding references to a file that can be accessed 
through the network. Some abstractions for transferring data, setting up connections and 
moving data or properties through tangible tokens are explained in Holmqvist, Redström 
and Ljungstrand (2001); they also describe aspects of storing and associating 
computations and data in physical tokens. 
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5.2 Scenarios, precursor observations and visions 
As we initially started to build interactive meeting spaces, as well as the tools to support 
the corresponding interaction, much of the design work targeted scenarios and visions of 
interactive meeting spaces, rather than problems and goals, based on concrete 
observations and experiences from interactive meeting spaces. 

The problems and goals for the interactive meeting space activities address groups of 
users coming together for a collaborative activity using personal or shared traditional 
interaction devices that make use of   keyboards, mice, and screens (some of which may 
be large enough to support presentations in shared usage). During the process, we 
envisioned different pieces of system software support and post-desktop user interfaces 
for local collaborative interaction within an interactive environment, in order to enhance 
the interaction by making the sharing of work seamless, and meanwhile provide accounts 
and information for the overall ongoing activity. As described in Chapter 2, this process 
addressed two primary problem areas in the design of interactive meeting spaces, 
corresponding to two scenarios: 

- Configuration and setup. How we can make it easy for users to switch between 
the devices that they interact with, and also interact with several devices 
simultaneously—and for many users to interact with the devices simultaneously?  
As the configurations developed, we could generally see which parts of the 
interactions were affected by the changes in our interaction mode, for example 
when we changed the target (a device or service) for our interaction or the source 
(the individual co-worker or user) who initiated an action.  

- Transparent social coordination: This involves the ability to view how an 
environment is used, to gain a shared understanding, and to make fair 
interpretations of what other users plan to do. Collaborative human activity relies 
on social conventions, which involve the ways we interact with each other and 
allow us to intervene in actions based on experience and the predicted outcome of 
our collaborators’ actions. 

In the sections 5.2.1 through 5.2.3, we provide two scenarios, illustrating some of the 
problem addressed and observed in the design for interactive meeting spaces, and 
describe the Spells, a “generative metaphor” (Schön, 1983), introducing a number of 
schemas for the iwand, pointing interaction technique. 

Experiences from bringing in and starting to use computers within project meetings, in 
particular some early instances of interactive meeting spaces, point to a number of 
specific problems. The following five problems and issues are common examples of 
those that arise within these setups. Some of these problems were also partially targeted 
with fuseOne (Figure 5.2), which is further described in (Werle et al., 2001). The 
“Computer usage within a project-meeting” scenario (described in section 5.2.1) also 
illustrates these problems. 

- Problems with moving and showing files on the public shared computer display 
- Problems with moving the VGA cable between the computers 
- Problems sharing  files between the participants 
- Lack of a way to spontaneously share digital info 
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- Awkwardness in sharing or switch the control of the public screen between 
participants 

- Uncomfortable to share or switch the control of the public screen between 
participants 

 
Also for a co-located collaborative work session in interactive meeting spaces like 
iLounge (also described in section 4.1.2) a number of problem were observed and 
addressed. Examples of such problems are illustrated in the “Collaborative work in an 
interactive meeting space setup” scenario (described in section 5.2.2). The scenario 
illustrates a number of problems with these environments and the supporting middleware.  

- It is hard to get the whole room up and running properly. 
- Users sometimes find it hard to know why an action occurs, or who initiated a 

specific action. 
- It is hard to know who is currently manipulating or controlling a specific shared 

artifact or display. 
- Security issues include how to limit people who are not in the room, but who can 

access the network to connect so they can manipulate and use the services 
available for the room. 

- It can be hard to install and configure specialized software. 

Figure 5.2 Illustration from the fuseOne setup 
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- Users often cannot tell who made the last copy of a document, and what is 
currently on the shared clipboard. 

- It can be hard to show file formats that require specific types of software. 

5.2.1 Common computer usage within a project meeting 
In this scenario, we assume that six people are participating: Anna, Bo, Cate, Dave, Em 
and Fred. The meeting room is equipped with one projected wall display; a projector is 
connected to a stationary-networked PC in the room through a regular VGA cable. The 
stationary room PC uses a wireless mouse and keyboard. A wireless network is available, 
but users have to register and log on to get access to the network. Four of the 
participants— Anna, Bo, Cate and David—have brought personal laptops, but only Anna 
and Bo have network cards that are registered for the network. Em has some relevant 
Word documents accessible from the Internet and Fred has a slide-show stored on the 
USB memory stick he brought with him. The stationary computer is a PC with Windows, 
as are the laptops Anna and Dave are using; Chris has a Macintosh and Bo has a Linux 
laptop. The stationary computers are, by default, logged on with a restricted access 
account; they use standard programs such as the Office suite and the regular web browser 
that has been installed also has a shared folder, accessible over the local network. 

As the meeting starts, Em grabs the wireless keyboard and opens up a document, which 
she uses to write down a list of items to discuss during the meeting. Anna copies a project 
document, containing some ideas and issues discussed at an earlier meeting, and write 
them to the shared folder on the room computer. Em also downloads the document that 
she wants to share and discuss to the shared folder; and she takes notes in the document 
she opened on the shared computer. As the meeting goes on, various issues are discussed, 
and some relevant material that is easily accessed from Internet is browsed, shared and 
consulted from the shared stationary PC. Cate has a movie clip stored on her computer 
that she wants to show to her colleagues. They decide that the least problematic way to 
show that clip to move the VGA cable from the stationary computer to Cate’s laptop. As 
Cate manages to change the resolution on her computer, she shows the movie clip, but 
the sound is both low quality and low volume—reflecting a common problem with the 
built-in speakers on laptops.  

While they watch the video-clip, Em come’s up with some clever reflections and a 
discussion builds up. The notes on the stationary computer are unavailable at that 
moment so Dave opens a new document on his laptop and writes down some comments. 
When they have watched that movie, Fred wants to show and discuss his slides about the 
project that he plans to present to some potential funders the following week. He plugs 
his USB stick into Cate’s laptop and they switch their seats at the table, so Fred can show 
his slides. During the presentation, Cate remembers that she has an image that would fit 
perfectly into that presentation somewhere on her computer but would need to search for 
it since she cannot remember where she had stored it. Dave writes down a note: “Cate has 
an illustration for slide 7”. The meeting continues, various issues are discussed, and Dave 
continues to write meeting notes on his laptop.  

Bo recognizes that he has heard something about a product that would be of interest in 
respect to one of the issues being discussed. He mentions something about it and, using 
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his laptop, starts to search for it on the Internet. After a short search, Bo finds a web site 
presenting the product and connects the projector to his laptop instead of Cate’s laptop. 
They look around on the site and agree on a plan to investigate the possibility of buying it. 
Finally, Anna wants to discuss some ideas. Someone else needs to take over the note 
taking, so Bo opens a new document and takes some notes on his computer, currently 
connected to the projector. At the end of the meeting, they need to decide on how to put 
together all the documents from the meeting. They agree to email all the fragments 
around to all six of them, as soon as possible and just combine it all in a new document 
containing notes on the project. 

5.2.2 Collaborative work in an interactive meeting space setup 
In this scenario, we assume we have the same six participants: Anna, Bo, Cate, Dave, Em 
and Fred. The room is equipped with two large touch-sensitive, digital whiteboard wall 
displays. The room also has a computationally controlled sound and lighting system. A 
wireless LAN and an application run on one of the shared displays when it is started; it 
enables users to register for leases of network addresses for a particular network card. A 
piece of middleware similar to the iROS provides applications to support the sharing of 
computation among multiple computers so that the mice and keyboards can be fluently 
redirected to any of the public displays in the room using any mouse, keyboard or laptop. 
The software also allows users to control environmental settings such as lighting, sound, 
and choice of which computers are turned on as long as that user has the interactive room 
services installed on their device and it is connected to the Internet. Files are easily shared 
between users, who can use a shared clipboard, which makes it easy to copy and paste 
files or data locally on a computer; they can also use the GUI that supports dragging and 
dropping of data to all or any specific computer in the room.  

All six participants enter the room at the same time.  First, they turn on the displays and 
the computers in the room, and turn on the lighting. Anna and Bo are already registered 
to access the network, and they had their laptops on and running when they walked into 
the room. Anna started the service to control the room on her computer and turned on the 
main displays and some lamps from her computer. When the public computers had 
finished their start-up phase, the network registration application showed up on the left 
screen. Cate and Dave selected their MAC addresses from a list of recognized network 
cards displayed on a short list of visible unregistered network addresses. Cate and Dave 
needed to do some configurations of their laptops to be connected.  They also needed to 
install the interactive room services; a document describing the procedure is accessible on 
one of the public screens and an installer is accessible from the Internet, through a URL 
written in the instruction document on the shared screen. While Cate and Dave finish 
their installations and configurations, Anna and Bo are working on their own on their 
laptops, preparing some ideas that they had for the meeting. Fred takes the wireless 
mouse and keyboard that is available in the room and uses it to prepare an agenda 
document for the meeting on the left public display in the room. After a little, they are 
ready to begin the meeting. 

During the meeting, Fred is continues to refine the agenda, and writes some meeting 
minutes in the document. At times, someone comments on Fred’s notes and a short 
negotiation occurs until everyone agreed. Occasionally someone happens to place the 
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mouse pointer and start to write something within the document on the shared screen. Bo 
wants to make a correction to the notes, and he does not think about the possibility that 
doing so will seem like an interruption to Fred who is writing notes at the same time. On 
a few occasions, someone else happens to end up at that screen with the mouse pointer. 
As Cate wants to show her movie clip she drops it on the drag and drop area, to show the 
movie-clip on the right screen. As the movie file is quite large, the file transfer takes 
about a minute; when it is finally transferred, they find that the needed video codec is 
missing on that computer. After a few moments of searching for the codec, and 
considering installing it, they decide to connect via VNC (Virtual Network Computing) 
to Cate’s Mac to watch the movie clip. As they discuss the movie clip, Anna makes some 
comments that Fred writes in the notes. Anna wants the note to be a bit more precise so 
she takes over the note writing from Fred, using the mouse and keyboard from her laptop. 
Later Fred wants to show the slides he has on a USB stick. He gives the stick to Dave 
who plugs it into his laptop and drops the slide show to the shared screen on the right. 
Fred presents the slide show by standing by the display, and using the touch screen to 
change slides.  

Cate tells the others that she has an illustration that should fit for one of the slides; she 
searches for a while on her computer and when she finds it, she copies the file, so it ends 
up in the shared clipboard. Anna has taken over the note taking from Fred by controlling 
the left screen from her laptop; now she pastes the image into the notes document, and 
they all agree that they should use the image for the presentation. When Fred has shown 
all the slides he wants to paste the image into the slideshow, but unfortunately the content 
of the shared clipboard has been exchanged for a piece of text, as he tries to paste the 
illustration into the presentation. Bo has copied some text locally on his computer that 
ended up on the shared clipboard. Cate copies the image file again and Fred pastes the 
image into the slide show. Fred saves the slideshow and drops it back to Dave, who stores 
it on Fred’s USB stick and gives it back to Fred. 

As the meeting proceeds, Bo realizes that he has heard about a product that could be used 
in support of an issue that they discuss. He shifts his attention to his own computer and 
searches the web for a site or some more information about the product. He finds some 
sites about the product, and drops some links to show the sites on both the left and the 
right display. Bo had not fully been part of the discussion at that moment, so he did not 
fully realize that his actions would appear distracting and confusing at that point. The 
other project workers now discuss a different issue and Anna is writing some notes. The 
web sites that Bo has been finding just pop up on the screens and interrupt the new 
discussion. It takes a few seconds before everyone understands out what has been 
happening. Bo realizes that he has been acting disruptive, and chooses not to disrupt the 
conversation immediately, to ask for the attention and explain his intentions in displaying 
up all the web pages.  

Finally, Anna has some issues she wants to discuss. Cate takes over the note-taking, by 
selecting to control the left screen.  At the end, all the documents that had been worked 
on and examined during the meeting are dropped to all the participants who are 
connected. Dave saves them all on his laptop:  the agenda/notes working document, the 
slide presentation, the URL shortcuts and the movie clip. The others save a new copy of 
the working document. 
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5.2.3 The Spells, application schemas for the iwand interaction 
technique 

The Spells application schemas, introduces four schemas of pointing for the iwand 
interaction technique: service-selection, guidance-and-information, moving-and-
translation, and sequential-selection. The first three schemas are addressed and supported 
by the developed iwand platform. The sequential-selection theme is partially incorporated 
with the moving-and-translation theme. Some further ideas about the sequential-selection 
theme were considered, especially for an extended prototype that also involve a motion 
sensor (accelerometer) to determine the direction or pattern of a sweeping gesture, aiming 
towards and point-selecting a laser tag. 

The motivation for developing Spells is to support groups of users as they manipulate and 
share the meaning of an activity driven by collaborative engaged interaction, surrounded 
by augmented (‘enchanted’) physical artifacts. Actions that apply a change of direction to 
the work become more expressive as public and physical actions. The action taken by any 
collaborator indicates the intention to apply a change of focus on the activity by 
expressive action through physical artifacts. The targeted action or interaction with the 
artifacts provides ways both for a back-end system to capture the goal of the action and 
for the co-workers to make a reasonable interpretation of the intended result.  

Within the technology, we worked to find ways to make things possible based on our 
knowledge of natural sciences, and the mechanics and physics of the world. Within the 
concept of magic, as we get it from fiction or from illusion artists, the focus is instead on 
the magical artifacts, or the performed expression (the spell) used to achieve something. 
Similarly, when we act or do something within a social context, we use expressions and 
tools to establish our understanding, and predict the actions and goals of others, rather 
than measure and analyze their brain activity. Mechanics, as logic of technology, often 
becomes invisible; that also makes it hard to see, share and interpret a shared goal of 
what we want by individually manipulating artifacts.  This invisibility occurs in several 
ways: 

- Technology, mechanics and electronic circuits continuously shrink towards the 
point of invisibility, e.g. Smart Dust, nanotechnology. 

- More and more of the mechanics or logic models are moved into standard black-
boxes (i.e. micro controllers) or are distributed on servers. 

- The devices around us are interconnected over the Internet or other generic 
networks that hide the ‘wired’ connections and dependencies.  

- Connectivity is turning wireless; consider only the familiar forms of Bluetooth, 
X10, Wi-Fi/802.11, UMTS/3G, and GPRS/GSM. 

With Spells the goal is to keep and empower the users’ natural or active actions to 
become executive and to represent the characteristics of a magic spell affecting a 
specified target. Spells keep and gain the social conventions of interactions, which inform 
other co-workers about any initiative to execute an action. The inspiration for the term 
spells is the analogy with the acts of magicians, both that performed by stage magicians 
or illusionists (Tognazzini, 1993) and that described in myths and fairytales. For example, 
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the battles of fictional wizards often rely greatly on the wizards’ interpretations of their 
opponents’ physical and embodied actions in preparation to defend against a magic attack. 

The characteristics discussed by (Binsted, 2000) discussed magic tools, places and 
creatures but also introduced a technical, HCI-design perspective. Applications or front-
end software was considered as magic tools, and hardware was compared to magic places. 
Magic creatures represented ‘helpful’ agent-systems. Within the ubiquitous computing 
perspective taken in this work, a perspective with a more direct mapping to the myths is 
approached. The tangible, magic artifacts represent the magic tools. An enabling physical 
place or interactive environment takes the role of a magic place. Magic creatures are 
represented by the enabling services and middleware. Magic has often been used as a 
tacit or subconscious impression characterizing magic power, tools, places, or creatures 
as a model or inspiration for designing technical innovations, systems, interaction 
metaphors etc. Within fiction and modern fairytales, authors have described several 
examples of using technology to implement the notions of magic. Moreover, the ability to 
manage many of these powers, within limits, has already been given to us, in the form of 
aircraft, telecommunications, virtual worlds, video conferencing, and image processing. 
Typically, most of these examples of managing magic powers address more than the 
person who initiates the magic. Magic powers also control enchanted entities in our 
environment. 

Spells addresses interactive expressiveness in situations of co-located users collaborating 
to perform a work task. A Spell initiates computational tasks by using manipulations and 
pointing gestures that involve tangible and physical artifacts. The physical artifacts 
support the Spells as tools to initiate specific computations, socially through expressive 
tangible manipulations expressed through tangible artifacts. Typical actions or powers of 
a fictional magic abound; examples include changing one’s appearance, flying, seeing 
into the future, communicating over a distance, reading minds, and affecting objects in 
the environment. 

Table 5.1 Mappings between described support mechanisms and sample magic powers 

Magic powers address the control of physical and virtual entities in the environment, 
where the effects on the initiator or other humans are mostly of a communicative 
character. Magic powers analogies in the spells are farseeing, shape shifting, teleportation, 
prediction, mind reading, flying, and remotely controlling and moving things within the 
physical world. These powers map on to the schemas of the spells and multi-device 
selection tasks described in section 5.1, as shown in Table 5.1.The tangible expressions 
of a magic performance introduce a tool to achieve shared expressive interaction using 
tangible artifacts.  

Schema Multi device selection Power 
Service Selection Universal remote control Controlling things 

Guidance and Information Contextual Guidance Farseeing 
Mind-reading 

Moving and Translation 
- Moving data 
- Moving application control 
- Media transformation 

Association tools 
Teleportation 
Flying  
Shape-shifting 



Chapter 5 A pointing interaction technique: iwand 

60 

5.3 The iwand platform 
The iwand is a tangible interaction technique that supports users in identifying and 
selecting physical objects and devices in interactive meeting spaces. It is a line-of-sight 
pointing, and target selection technique. Identification and selection of devices and 
associated services is addressed by pointing at sensor targets attached to computer 
devices in the common physical space (i.e. interactive meeting spaces), using a pointing 
tool. 

 
The iwand hardware platform (Figure 5.3 is an implementation of an interaction device 
that supports the selection of physically represented services and devices, by physically 
pointing on physical sensor targets attached to the physical devices. The iwand platform 
is based on a laser-pointer enabled PDA, and custom developed laser targets (called laser 
tags). When a laser beam hits a laser tag, an ID is wirelessly transmitted from the laser 
tag back to the iwand. The ID identifies the target and remotely invokes a corresponding 
service on a device associated with the target. 

Based on the scenarios, deployments and observations of interactive meeting spaces, a 
particular goal was to provide support for direct selection and identification of the 
services associated with any of the devices deployed within an interactive meeting space. 
The technical design involved explorations towards a satisfying technical platform that 
would facilitate the implementation of applications corresponding to physical selection 
and identification, as an interaction concept, but also in relation to the research questions. 

Figure 5.3 Laser beam triggers a laser tag.  2. Wireless IR responds to the iwand, identifying
the selected target. 
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The developed interaction technique supports users in making physical selections by 
using the iwand to point at distinguishable laser targets. 

Other research projects have also explored pointing, and using laser pointers. Previous 
systems have also worked with laser-pointer devices to support interaction. The laser-
pointer systems described in (Kirstein, 1998, Olsen & Nielsen, 2001, Myers et al., 2002) 
are based on video-traced laser-pointers. (Beigl, 1999) proposed a system in which a 
laser-pointer device was used to select and control various pieces of equipment. 
(Ringwald, 2002) describe an implementation of a system that uses a laser pointer 
(attached to an 802.11-enabled PDA) to interact with devices in a Ubiquitous Computing 
environment. A modulated laser beam encodes an ID or the IP of the pointer device, and 
solar-panel sensor targets capture the message encoded in the laser beam. The sensor 
target is connected directly with a serial cable to a host computer, associated with the 
targeted controllable device. The ID that is encoded and received over the modulated 
laser-beam is used to identify the correct device controller service. When the service is 
identified, a network connection is established and a UI to run on the PDA is transferred 
back to the laser-pointing PDA. The iwand pointing interaction technique also 
investigates a number of interaction themes for interactive meeting spaces. 

Figure 5.4, gives an overview of the implementation of the iwand and a pointing 
interaction technique. A more detailed overview and description of the integration of 
iwand into the interactive meeting spaces, and the iROS software infrastructure (the right 
half of Figure 5.4) is also given with the description of the Magic Bowl (in section 6.3). 

 
As shown in Figure 5.4 the coordination and communication of events is based on the 
Event Heap (Johanson & Fox, 2002), a piece of software described in section 4.1.1. The 
sections below describe the technical investigation of some central components and 
features of the iwand implementation, divided as descriptions corresponding to two 
technical components: 

Figure 5.4 1. Laser beam triggers a laser tag.  2. Wireless IR responds to the iwand, and
identifies the selected target. 3. iwand posts an event to the local event heap. 4. The posted event 
is translated and actuates a corresponding service.  
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- Hardware platform:  the physical design and implementation of the iwand pointer 
device and the laser-tag hardware, the custom-designed laser sensor targets for the 
iwand. 

- Software implementation for the multi-device service selection: the technical 
basis for implementing several of the Spells application themes, for interactive 
meeting space applications. 

5.3.1 Hardware platform 
The hardware design is based on a laser-pointing device with a wireless connection that 
enables associations and connectivity to the room and the local networked services. The 
iwand targets react when the iwand laser beam sweeps over them and sends a message 
back to the iwand using infrared communication (IrDA). The received message is used as 
a key to services available in the room.  

Both the pointing tool, and the custom designed pointing targets was designed to realize 
the interaction technique. The pointing tools and the targets support a communication 
protocol, for the identification and selection of targets that is interfaced by a software 
platform (further described in section 5.3.2). The protocol used by the iwand interaction 
technique senses a laser-beam by a photo sensor and trigger an interrupt on the custom 
designed pointing target (lasertag). The laser-beam actuates the transmission of a 
message back over some short-distance wireless channel. This design uses IrDA 
(physical layer) communication. 

 
The pointing device implementation is based on an extended Compaq IPAQ with a 
PCMCIA expansion and an 802.11b wireless network card. A built in IrDA interface on 
the IPAQ device is placed on its upper edge. The serial port of the IPAQ cradle connector 
connects to a micro-controller via an RS232 interface circuit. The software on the PDA 
sends instructions to the microcontroller to turn on the modulated laser and to apply 
haptic feedback via a vibrator connected to the micro controller. When the laser is on, the 
microcontroller powers the laser with a 1.2 kHz signal, providing a modulated laser beam. 

Figure 5.5 The iwand device, an 
IPAQ, with an external comm.-port 
controlled laser pointer 
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The interrupt handler reacts to and reads incoming messages, when the serial ready-to-
send (RTS) control pin moves up. 

The lasertag uses a solar panel; as a light sensitive target area; the signal outputted from 
the solar panel connectors feeds into a high-pass filter. The filter filters out background 
light such as constant outdoor lightning and 50/60 Hz indoor light, which can 
accidentally or consistently trigger the target. When a laser beam modulated at 1.2 kHz 
from the iwand hits the solar panel a 20 μs wide peak passes through the high-pass filter. 
The peak generates a micro-controller interrupt. After the interrupt, the micro-controller 
transmits a message over an IrDA interface. The target utilizes two IrDA transceiver 
modules and eight extra IR-LED has to provide an extended transmission range, and an 
appropriate angle.  

Many technical tests and experiments were conducted on both the pointer tool and the 
laser targets, as well as preliminary and partial implementations. One preliminary 
implementation used a matrix of photo diodes, without signal filtering as sensors, and a 
single IrDa interface for the response communication. That implementation showed that 
the tool had clear limitations, both in its capability to capture a hit on the target, and to 
transmit the message. The solar panel provides a larger solid light sensitive surface, and 
the modulation of the laser beam limits the accidental or continual triggering and 
responses of the targets. Pointing and triggering the laser targets with a laser beam 
removes the need for the laser to be orthogonally aligned with the targets. The multiple 
IrDA interfaces provide both a larger transmission range and a better angle for the 
responses, but still make it possible to select the units that can receive the reply, although 
it is physically constrained by being in the line of sight from the target. 

To achieve a smooth interaction, more sweeping gestures for the target selection process 
were applied. The IrDA working distance was increased and a larger solid target surface 
was selected to support fluent gestures as well as direct pointing. To achieve a reasonably 
fluent type of interaction we used the following example to calculate the technical 
requirements for the hardware implementation. We expected to be able to hit any spot 

Figure 5.6 The iwand target. Left: The raw hardware. Right: Mounted on a wall, wrapped with red 
plastic film 
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within a free line of sight, on a 4-meter wall, from a distance of ~3 meter. To achieve that, 
and targeting any specific point, the sweeping gesture towards the wall will take 1 second 
for the whole four meters. With a considered constant sweeping speed, the beam will hit 
the target, which is four cm. wide and 7 cm high, for 4*1/400 = 10 milliseconds. The 
reply will come through as long as the iwand is directed towards the wall. The accepted 
reply time will be up to 0.5 seconds. The 1.2 kHz modulation of the laser beam makes 
one notification to the target every 1/12 000 = 83 microseconds, that is 120 cycles during 
the exemplified hit time of the target. The IrDA response is transmitted at 57.6 Kbit/s., so 
a message of 16 bytes + control bits etc, at most 22 bytes (176 bits), will take 3 
milliseconds plus the overhead time for the micro controllers’ internal process of 
interrupt handling and execution.  Thus, it should take less than 0.1 millisecond for the 
RISC micro controller working at 8 MHz. 

5.3.2 Software implementation of the Spells 
The previous section described the hardware implementation of the iwand pointer device 
and the laser tag sensors. The hardware provides a platform for physical interaction and 
identification of physical elements in the room. To provide applications of the interaction 
technique and hardware platform, we had to design a system software platform that could 
identify, select and associate the services represented and discovered within the physical 
space. Figure 5.4 presents an overview of the system software platform and its 
communication with the implemented hardware. The system software can be described 
by focusing on two main components:  the iwand software, running on the PDA, and a 
software infrastructure provided in the interactive meeting space where the pointing 
targets are deployed and the iwand pointing device is used. 

The PDA holds software that provides a simple GUI, control and communication with the 
peripherals, i.e. the built in IrDa interface, the attached laser pointer and the haptic 
actuator. As the laser is turned on, through the GUI, the pointer waits to receive an IR 
message from a pointer target that has been hit by a laser beam (or a timeout may occur). 
As the IrDa message is received, it determines the ID of the selected target, the available 
services and the local event-heap of the room. Then it posts an event identifying the 
pointing device, the selected target and service to the designated local event-heap server. 
The main application on the PDA is implemented in Java (Jeode, personal java for 
IPAQ/Windows Pocket PC). Native interfaces and implementations are provided to 
communicate with the peripherals. The communication and control of the built-in IrDa 
interface and the laser pointer and the haptic alert, is made through serial communication. 
The laser pointer and the haptic alert are both controlled through instructions to a 
common micro-controller, connected to the physical serial port pins of the cradle 
connector. 

The software infrastructure is based on the event heap and iROS. The PatchPanel 
(Ballagas et al., 2004), Event2Command, or specialized freestanding support applications 
provide translations to post events that are capable of executing the selected configuration 
task on a targeted device. This provides a de-coupled (Winograd, 2001) implementation, 
one that also supports the easy reuse of already implemented components and the 
flexibility to change and explore the associated services, without the need to reprogram 
and recompile large parts of the system. 
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The PatchPanel receives and translates the event in order to actuate the correct final 
action expressed by one or several pointing targets that are pointed out sequentially with 
the iwand. When the iwand is in use, the process of service selection addresses two cases: 
1) singular and isolated selection and the invocation of distinguished services, and 2) 
transactions that involve services determined by combinations of sequentially selected 
service attributes. The PatchPanel state machine provides support for service transactions. 
As the iwand posts one initial event of a service transaction, the PatchPanel makes a state 
transition and some specific additional events are expected to finalize the transaction. The 
PatchPanel can be customized to provide event mappings, event translations and state 
transitions triggered by any particular event. A number of ways to customize these event 
translations are provided, both by scripts, programmatically, and through a graphical user 
interface.   

The PatchPanel mappings result in new events being posted to the local event heap. In 
turn, the postings of these can control a number of services, such as several of the iROS 
services and applications.  For example, multibrowse can launch documents, urls or files 
on a selected display, and point-right can move a particular mouse cursor to control a 
device or a number of device drivers to appliances in the room can be controlled through 
the event. Another tool that has been used in iLounge is Event2Command; it allows shell 
commands to be specified within an event and executed on a particular selected device. 
This provides a large degree of freedom and opportunities to support service selection.  

In addition, a number of already-existing universal remote control applications can be 
launched on a PC or PDA, many of them also supported as web forms, as described, for 
example, by  (Ponnekanti et al., 2001, Zimmermann et al., 2002). Similarly, the platform 
can support contextual guidance programs similar to the CoolTown developed by 
(Espinoza et al., 2001, Kindberg et al., 2002), which have the granularity to select 
individual devices or targets within an interactive meeting space. The PatchPanel state 
machine allows users to identify combinations and sequences of selected devices, and 
associate various selected devices. For example, they could move a document provided 
by one device and show it on a second selected device (e.g. using multibrowse) or 
redirect the mouse pointer of a selected computer to another (e.g. by using point right). 

5.3.3 Technical validation 
For the pointing interaction technique investigated in this work, visibility, granularity, 
and possibility to select and establish communication with different devices in the room 
are desirable.  

The technical requirements, introduced in section 2.5.1, are recapitulated in the list 
below: 

- Support control and selection of virtual services, through physical representations. 
- Support selection and control of any specifically addressed appliance, amperes 

physically as one of many different devices and services, available and physically 
represented within an interactive meeting space. 

- Support service discovery and selection based on the physical appearance of 
physical devices and corresponding services, identified within the boundary of a 
limited physical space (interactive meeting space). 
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- Make the interaction with digital media physical and visible, as a cue for social 
coordination of co-located collaborative activity 

Below a number of observations related to these requirements are summarized. Three 
observations provide the technical support for the requirement to support control and 
selection of virtual services through physical representations: 

- Custom sensor targets and a pointing tool, developed through this process, are 
used to select and identify physical devices in the room and to discover and select 
associated digital services.  

- The selection and control of a given service is managed through pointing gestures 
as physical manipulations of a physical pointing device. 

- A platform and protocol for selection, association and invocation of software 
services, represented and identified by the custom developed laser tag IDs, was 
established and described.  

Four observations provide technical support for the requirement to support the selection 
and control of any appliance that is specifically addressed as one of many different 
devices and services, available and physically represented within an interactive meeting 
space: 

- The selection of a particular device or laser target is not only guided through the 
direct gesture of pointing or aiming towards a particular device. In addition, the 
appearance of the laser dot tracing a particular laser tab stresses the direct 
feedback tracing of that tag. 

- The system provides direct feedback on the manipulation of physical widgets, to 
correspond to the act of combining complementary services.  

- The pointing gestures are used not only to directly select a particular laser tag; 
combinations of devices or services can also be selected through the sequential 
selection of different laser-tags. 

- The PatchPanel and the PatchPanel state machine provide a matching mechanism, 
and the possibility of mapping several different services to the different targets. It 
is possible both to, directly select a target, and to select services through 
sequences of selected targets. 

Two observations provide technical support for the requirement to support service 
discovery and selection based on the physical appearance of physical devices and 
corresponding services, identified within the boundary of a limited physical space 
(interactive meeting space): 

- The identification and discovery of devices is based on physical and active 
identification and selection of physically represented appliances, associated with 
services identified by corresponding physical targets within the interactive 
meeting space. 

- The discovery and identification of services is based on direct identification of 
physical objects and devices representing the services; this eliminates the demand 
for complex models that represent and consistently relate to the overall 
organization of the environment, involving both the physical organization of 
devices and objects, and the corresponding digital organization of associated 
services. 
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Finally, one observation provides technical support for the requirement to make the 
interaction with digital media physical and visible, as a cue for the social coordination of 
co-located collaborative activity: 

- The iwand, pointing interaction technique, and technical platform support the 
association of a variety of digital services to be associated with the distinguished 
pointing gestures and targets identified by pointing. Here, the existing user 
interfaces and software services are easily re-designed to provide users with 
physical and visible awareness of other ways of individual interaction, supported 
by the pointing interaction technique. 

5.4 Prototypes, scenarios and demonstrations 
The iwand makes it possible to explore a tangible interaction and pointing technique. Any 
physical objects and devices in the room that have an attached sensor target can be 
identified and selected, as long as they are within the line of sight. A demonstrator of the 
interaction technique was deployed to point out and gather information about the objects 
pointed out. A sample implementation corresponding to the moving-and-translation 
application schema of the Spells have been developed and tested. 

5.4.1 Contextual information demo  
A user selects items actively when he or she needs information about something in the 
environment or how it works, or guidance on how to achieve some long-term goal. A 
group of co-located collaborating users may have a problem relating to some physical 
entity in the environment, so they actively select it and get some support or guidance on it. 
In some cases, users want easy ways to find explanations and documentation about the 
things around us. In this situation, with the iwand, the most obvious way is to open a 
document describing the selected and targeted item of interest on any suitable available 
display.  For the demonstration illustrated in Figure 5.7, a web page was opened directly 
on the PDA that was used for the iwand implementation. In this demo, especially 
informative documents and web pages were selected and launched for the selected 
devices. With this approach, it would also be simple to deploy a universal remote control 
application. If a remote control application was provided as a web form, this could easily 
have been launched as well, to easily support the control of an associated appliance to 
which the laser tag is attached. On PDA-based, generic, remote-control devices such as 
those described by Ringwald (2002), Ponnekanti et al. (2001), and Zimmermann et al.  
(2002), the screen on the PDA itself has been the main display for providing the various 
control properties. 
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Figure 5.7 Photos from the “feel” demonstration at the disappearing computer jamboree held in
2002. A number of laser tags (marked with circles) were deployed, and webpages providing
additional information about the object the target is attached to were provided on the iwand (PDA) 
screen (seen within the dashed circle). The picture at the lower right shows a laser tag attached to
one of our coworkers. 



Pointing, Placing, Touching 

69  

5.4.2 Implementation of a moving-and-translation spell  
Many fairytales also provide examples of how to apply teleportation or transformations 
of different objects or persons. Typically, teleportation means making an object, or the 
performing wizard itself, move instantly move from one place to another. It also includes 
making something fly or levitate for a perceptible span of time. A typical application of 
moving-and-translation could be to ‘beam’ a document file between different computers.  
Moving-and-translation using the iwand interaction technique applies interaction with 
enchantment targets in two phases, addressing different laser targets. In the first phase, a 
user directs the Spells towards a selected target that makes the wand capture a property of 
an associated (enchanted) item. The captured property could be anything that is 
significant for the associated item or device, for example:  

- An I/O-stream that currently is used as input—such as mouse and keyboard 
- Data that is displayed or stored 
- An audio stream like that shown in Figure 5.8 
- The level of light that is emitted from the selected entity 

In the second phase, the user casts the spell towards a second target that transfers the 
captured property to the second target and copies or moves the selected property. 

The Spells metaphor system and the moving and translation theme also addresses 
redirection of various I/O streams, and the copying and moving of data and computation 
between devices. With the iROS middleware and the various services supported by iROS, 
it is technically easy to create and support such connections. But it is still hard to create 
the spatial links between the different devices, especially considering nomadic 
participants (Barton et al., 2003) or other non-static iRoom setups, that do not have 
special predefined space models or whose setup is constantly changing with the users.  
Generally, it is necessary to translate the computation to make the transferred content 
compatible and meaningful at the target. The moving and translation Spells could be 
implemented in at least three ways: 

- The control can be moved between different displays. Point-right supports a way 
of moving the control of the mouse and keyboard between different displays. In 
the regular case, a space model has to be defined to support a spatial way of 
moving the mouse between different screens, based on how they are 

Figure 5.8 This example illustrates how a phone call first is captured, and second is moved and 
placed in the rooms’ shared sound and speaker system. The selection of both the targeted phone and
the speaker is done by physically pointing out and selecting the targets in the physical world 
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geometrically related. For environments that are rarely or never changed, a fixed 
space model can be defined, which allows the user to easily move the mouse 
pointer to the far side of the screen, and to have it next appear on a screen next to 
the first one, in the expected position. If environments are temporary or some of 
the displays are moved around, the geometrical model of switching between 
displays is not that intuitive and is harder to administer. PointRight also supports 
the option of selecting between displays, as targets of interaction, by name.  

- Spells also makes it possible to move, copy, cut, and paste displayed documents 
and content between displays. The iROS tools are easily supported by using 
Multibrowse or iClipboard events. Both Multibrowse and iClipboard make it 
possible to move displayed data between different displays. The data to be moved 
or copied is captured through careful manipulation of an augmented ‘magic’ 
artifact as well as the selection of a target application.  

- Third, spells can move properties between devices and peripherals, where data is 
moved between entities supporting different modalities. In these cases, some way 
of translating between these modalities is needed, but the applicable properties 
and conditions vary, depending on the targeted devices. No modalities or direct 
mappings exist to describe how captured properties should appear when moved to 
another target. In such situations, the user has to transform the properties so that 
they apply to a modality or property that is available and appropriate for the 
targeted device. For example, an ambient media cue that does not necessarily 
expose explicit messages could be moved and transformed into other forms of 
ambient cues. However, the way that this translation is made is highly subjective, 
dependent on the user implementing the translations.  

As a test, an application was set up to select which of the shared public mice and 
keyboards to connect to the main screens in the iLounge. For those working in the 
iLounge a common problem has been to locate the mouse pointer among all the available 
screens, especially for a public mouse and keyboard, where users do not have a well-
defined starting point for the mouse pointer.  

Four iwand targets were placed in the public front-stage area of iLounge. One was at the 
upper right corner of the right main screen, and one on the frame of the plasma screen 
placed separately in one corner of the room. Two targets were attached to the two public 
keyboards. The keyboards and mouse were marked with red and blue respectively. The 
setup represents an instance of the ‘Moving and Translation’ Spell, creating connections 
between remote entities at various lines of sight. 

The screens were made accessible and available for selection using the iwand, but 
accessibility was limited to the number of currently constructed iwand targets. 
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Figure 5.9 Description of the non-standard fields used for the implementation of the iwand events 

The interactions supported through use of the iwand were worked out by having the 
iwand post an “iWand” event to the event heap. The event heap and the various 
properties of a selected iwand target are looked up in a property file located on a web-
server. The property file URL is resolved from the message received from the iwand 
target. The selection of a target results in an event that contains the non-standard field 
values described in Table B.1. A transaction containing a ‘SpellTarget’ and a 
‘SpellSource’ makes the iWand trigger the PatchPanel to a PR2Input event. The 
PR2Input event makes the PointRight pointer move over to a specified target screen. 

The operation and feasibility of the iwand as an interaction device were tested in iLounge 
using the technical setup described above. The testing showed that the system could be 
used, but the reliability and range needed further improvement. The preliminary 
evaluation of the system showed that the iwand targets reacted reliably and quickly on the 
laser hits, which were acknowledged by LEDs attached to the targets. The targets reacted 
on the laser beam within distances of up to six meters. Even when the light in the room 
was at high intensity, the target responded. Limited problems occurred when direct light 
from any of the spotlights was flooded towards the solar panel. The IrDA response 
transmitted by the targets was less reliable. For the iwand to generate a correct response, 
it had to be held almost constantly at in angle with the targets. Usually, some parts of the 
response came through and the iwand managed to determine incorrect responses. When 
both the messages—those containing information on the keyboard/mouse and those on 
the targeted screen—came through correctly, the selected mouse pointer and keyboard 
were successfully redirected. 

 

Field Name Content description 

EventType Always “iWand” 

Iwand-ID An identifier, identifying the specific iwand 

SpellType Either “Service Selection”, “Information and Guidance” or “Moving 

and Translation” 

Modality This field refers to the technology used to perform the spell type, 

described above. In this case “PointRight” was used 

SpellTarget 

SpellSource 

For “Moving and Translation” the final execution or spell needs a 

source to move or translate from and a target where the moved or 

translated content should appear. The “move and translate” spell 

will also contain control of at least two different iwand targets, 

representing the source and target entity. 
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5.4.3 Deployment 
The demonstrations, themes and prototype applications described above provide a 
feasibility proof and inspirations towards further development of the interaction 
technique and possible applications for the iwand. In summary three elements of 
evaluation of the platform and the interaction-technique have been described: 

- Public demonstration of the core technical platform 
- Implementation and test of a working prototype for a moving-and-translation spell, 

based on the full hardware and software platform 

Both the demonstrations and the test implementations have provided insights into a 
number of further improvements that are crucial to developing the pointing interaction 
technique and the iwand platform described in this chapter towards further realistic 
deployments. The spells metaphor system has been inspiring, not only to widen the basic 
concept of physical identification, discovery and selection of physically represented 
services towards more exciting applications of pointing gestures. The metaphor also 
inspired several alternatives and sketches for continually developing the interaction 
technique and new iterations of an improved technical platform.  

The test of the initial prototype showed that the protocol was applicable, but it also 
revealed some technical shortcomings: over-sensitivity to surrounding lights, inaccuracy 
in capturing the target of the laser beam, and also limitations in the IR transmission 
distance of the reply message. The limitations in human skills, especially the ability to 
precisely direct a laser beam towards a small target, were also pointed out by Myers et al. 
(2002). Another problem is maintaining charged batteries for the iwand targets. A 
possibility would be to power or charge the iwand targets through the solar panel, which 
also functions as the laser beam sensor. The power emitted from un-modulated, or low 
frequency modulated surrounding light, almost constantly available, could be used to 
charge the target batteries. 

A number of improvements on the technical functionality and the way of using the iwand 
were considered. The design of the iwand platform and hardware also need to be 
improved to afford more spontaneous and easy usage such as occasionally picking the 
wand up and using it. The current implementation applies a distance interaction protocol 
for anyone using an iwand. Another common case of interaction implies direct 
manipulation of devices nearby. A common problem in interactive meeting spaces is 
connecting a device placed close to a user to another device that is farther away. For such 
situations, it would be preferable to use gestures like touching or waving a wand in the 
proximity of the targeted device. RFID technology fits well for an implementation 
supporting gestures; RFID tags would work as targets for the iwand proximity Spells. 
RFID tags are easily attached on many devices and locations in the environment to 
provide targets for the proximity spell. Examples of such proximity-distance usages are 
using a mouse to become targeted and used on a selected shared display, or to move and 
open a document from a personal device onto a shared one. 

From a form factor perspective, the bulky PDA used does not appeal that well to the 
magic wand metaphor. A touch-sensitive display on the PDA platform that provides 
software buttons would be a better option. Figure 5.10 sketches a reworked physical 
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custom design, inspired by the spells metaphor, also pointing out some of the suggested 
additions.  

 
In particular, the iwand interaction technique and the themes of interaction outlined by 
the spells emphasize five goals as tools for co-located interaction within interactive 
meeting spaces: 

- Tangible artifacts and a metaphor system that apply magical acts support crucial 
tasks within collaborative, co-located, interactive meeting spaces. 

- Tangible artifacts should be tools that adhere to social conventions, which support 
the configurations and controls software and physical configurations of device 
resources in the environment. 

- Manipulations of physical artifacts as playful hands-on exploration provide 
affordance for exploration, learning and sharing of experience. 

- An important goal of the interaction through tangibles is the sharing of artifacts as 
well as interactions within a group of collaborators. 

- Tangible interaction also allows for a more explicit overview of the history of 
actions.  

5.5 Discussion of results 
To evaluate the developed technical concept and its significant qualities, several 
prototypes based on the technical platform were developed, as proof-of-concept, and to 
validate feasibility. A working implementation of the core technical platform was 
demonstrated. Conceptualization was developed as a generative metaphor for further 
exploring the interaction technique. Thus, the spells metaphor system provided 
inspiration for new applications and usage of the iwand interaction technique, based on 
three themes of tasks: service-selection spells, guidance-and-information spells and 
moving-and translation spells. In addition, the metaphor system has contributed to further 
exploration of the technical design and functionality, and towards ideas for a revised and 
more targeted form-factor. The analysis and discussion in the section below include 
several properties, qualities, limitations and arguments relating to the research questions. 
This discussion of results is based on four experiences and methodological phases of the 
development and explorations of the physical cursors concept:  

Figure 5.10 Sketch exemplifying an iwand pointing tool, implemented with a shape, 
inspired by the spells metaphor  
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- Several preliminary applications and scenarios were conducted.  
- Several supported technical requirements (properties and qualities) were 

summarized in the technical validation. 
- The iROS software infrastructure provided a baseline for coordination and 

distribution of events. Based on iROS and previous experiences of using iROS 
within interactive meeting spaces, as well as central mechanisms for association 
and triggering of software services, a software platform for developing spells that 
apply to interactive meeting space activities has been established.   

- An example of a prototype spell has been developed and tested within an 
interactive meeting space; this effort verified several needed improvements and 
the technical design of the overall platform and interaction protocol. 

5.5.1 RQ1 
How to facilitate identification and manipulation of a physical widget, with the purpose 
of selecting and controlling a particular service?  
Even as we began to design and build interactive meeting spaces, we encountered the 
challenge of identifying, controlling and selecting virtual services, through their physical 
representation. 

The interaction technique and the communication protocol used with the iwand require 
users to initiate interactions actively and make the addressed target respond directly. The 
interaction technique requires that the iwand be used to point out the physical objects 
with the attached laser tags, and the associated digital services or properties. This 
interaction allows users to see and directly point out distinct physical elements in the 
space, so that both co-workers and sensor systems can trace and interpret the selection of 
physical elements.  

In particular, this study has exemplified the use of the following technical qualities to 
support control and selection of virtual services, through physical representations with the 
iwand platform, and interaction technique: 

- Custom sensor targets and a pointing tool were developed and used to select and 
identify physical devices in the room and to discover and select associated digital 
services.  

- The selection and control of a service is managed through pointing gestures as 
physical manipulations using a physical pointing device. 

- A platform and protocol for selecting, associating and invoking those software 
services represented and identified by the custom-developed lasertag IDs was 
established and described. 

5.5.2 RQ2 
How to control specific complementary combinations of services though the 
manipulation of physical widgets?  
The selection and control of any specifically addressed appliance may be physically 
apparent as one of many different devices and services, available and physically 
represented within an interactive meeting space. 



Pointing, Placing, Touching 

75  

The technical solution and the spells are intended to support multiple pointing devices, 
and pointing targets for most appliances in the space.  

Making the laser spot constantly visible and traceable improved the precision and 
feedback for the selection of a specific target device. As a user properly points out a laser 
tag with the iwand, the tool provides direct haptic feedback. Pointing particularly relies 
on gestures, and does not leave long-lasting representations or traces of the performed 
expression. The particular impact and perceived (digital) coupling of the iwand and the 
pointing interaction technique is the activation of the selected and initiated software.  

Four particular technical qualities support the selection and control of any specifically 
addressed appliance, physically apparent as one of many different devices and services, 
and available and physically represented within an interactive meeting space through 
physical representations with the iwand platform and interaction technique: 

- The selection of a particular device or laser target is guided through the direct 
gesture of pointing or aiming towards a particular device. In addition, the direct 
feedback of tracing a particular laser tag is stressed through the appearance of the 
laser dot tracing the laser tag.   

- The iwand provides direct feedback on the manipulation of physical widgets, as 
complementary combinations of services are implemented.  

- The pointing gestures allow the direct selection of a particular laser tag; 
combinations of devices or services can also be selected through sequential 
selections of different laser tags. 

- The PatchPanel and the PatchPanel state machine provide a matching mechanism, 
and the possibility of mapping several different services to the different targets. 
This applies to both the direct selection of a target, and the selection of services 
through sequences of selected targets. 

5.5.3 RQ4 
How to maintain and reuse presets, to preserve the prerequisite for a scene, under 
continually changing circumstances?  
In contrast, most infrastructure-based and network-based discovery mechanisms for 
physical and direct selection preserve the boundary principle (Kindberg & Fox, 2002) 
corresponding to physical location, independent of network provision and topology.  As a 
concrete example, this means that discovery and connectivity can be supported 
independently on different access networks, different sub-nets with corresponding 
multicast addresses, or different service providers.   

Laser-tag targets properly configured in the environment provide more than simply the 
opportunity to identify a device they are associated with; they also represent a way to get 
the address needed to configure the iwand-pointing device and to communicate to the 
needed local resources, e.g. the local EventHeap server. That makes it possible to bring or 
provide iwand-pointing devices in any interactive environment. As soon as the iwand-
pointing device is discovered and connected to the network, it can interact with the 
environment directly. Pointing particularly target interactions by making it possible to 
directly identify and select objects residing in the physical space independently. This also 
allows the underlying technical platform to become independent of the precise and 
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consistent physical organization of objects, furniture, computational devices and 
locations, which can now be organized and moved freely. 

This study demonstrated two particular technical qualities that support service discovery 
and selection based on the physical appearance of physical devices and corresponding 
services, identified within the boundary of a limited physical space (interactive meeting 
space) with the iwand platform and interaction technique: 

- Identification and discovery of devices is based on physical and active 
identification and selection of physically represented appliances, associated with 
services identified by corresponding physical targets within the interactive 
meeting space. 

- The discovery and identification of services is based on direct identification of 
physical objects and devices representing the services; this eliminates the demand 
for complex models, representing and consistently mapping the overall 
organization of the environment, involving both the physical organization of 
devices and objects, and the corresponding digital organization of associated 
services. 

5.5.4 RQ5 
How to design manipulation of physical widgets to enable a social protocol for 
coordination as alternative to (invisible) individual manipulation?  
For collaboration in physical spaces, hands-on manipulation and gestures are an essential 
part of the social coordination, even for activities mainly concerned with digital media. 
Most desktop and GUI applications are designed to support individual (invisible) control 
and communication. 

By enabling us to see, and directly point out distinct physical elements in the space, 
tracing and interpretation of the pointing gestures are supported for both co-workers and 
sensor systems in the space. The design of the iwand interaction technique and the spells 
metaphor system apply to the notion of making intuitively recognized actions into as a 
social means of interaction.  Pointing at and tracing a target, using a laser beam, acts as a 
cue for negotiation about an intended action and also communicates and demonstrates the 
way a particular action can be performed. Increasing the amount of significant interactive 
applications and targets for pointing interaction could also increase the power of pointing 
gestures and of holding a pointing tool, through the direct executive power of performed 
suggestions. 

In particular, this study demonstrated the technical quality of making the interaction with 
digital media physical and visible, as a cue for social coordination of co-located 
collaborative activity: 

- The iwand, pointing interaction technique, and technical platform support a 
variety of digital services that can be associated with specific pointing gestures 
and identified targets. Existing user interfaces and software services were easily 
re-designed to provide physical and visible awareness of individual interaction by 
other users, supported by the pointing interaction technique. 
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Chapter 6 A placing interaction technique: 
 Magic Bowl  

In this chapter, the development of the Magic Bowl interaction technique is described. 
The Magic Bowl is a tangible interaction technique that enables activation of services 
through the physical placement of physical objects within a distinct area, i.e. as a bowl. 
Placing an object within a bowl makes the service, or a resulting configuration (preset) 
activated, until the object is removed from the bowl.  

The Magic Bowl provides a tangible user interface, where an enabled state (preset), 
provided by a combination of services, is represented and controlled through the physical 
state, represented by placing a physical object within a distinguishable area. When a user 
places an RFID-tagged object within a bowl enhanced with an RFID reader that triggers a 
corresponding combination of associated software services, resulting in the representative 
preset. The preset is activated and maintained until the system detects the disappearance 
of the physical object. Removing an object from the bowl corresponds to triggering a 
combination of services, which results in withdrawing the preset. 

The Magic Bowl interaction technique provides two modes for custom setup. First, 
different tagged physical objects can correspond to enabled states, which correspond with 
different combinations of software services. Second, several physical objects can be 
placed in the bowl, resulting in a preset that corresponds to the combination of associated 
services. 

The Magic Bowl platform is a tangible user interface that supports users in setting up and 
configuring interactive environments. The Magic Bowl provides a physical repository 
that mirrors the currently active configurations. A prototype has been implemented, 
permanently deployed and used to configure, start up and shut down personalized project 
setups within the iLounge, as described in section 4.1.2. 

A touch panel is a common alternative to the magic bowl, commonly used within many 
conference rooms, also offering a lot of technical equipment. With touch panels the setup 
of different devices are handled, mostly individually, from the speaker chair.  

iLounge is a shared resource; a group that enters the room cannot expect to find it in the 
same state that they left it in at their last session. To offer an easy way of re-configuring 
the environment, we suggest a tangible user interface that represents each user group by a 
physical icon, or phicon. Manipulating physical, graspable things is a natural way of 
interacting with the physical world around us. People can manipulate digital information 
by handling physical objects. The user interacts by directly manipulating physical 
representations of digital data. The phicon is a small, physical object with an RFID tag; 
when placed in the Magic Bowl it causes the environment to be reconfigured according to 
the group’s preferences. A motivation and a conceptual description of the design are 
provided in the introduction to section 6.1. 
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A number of other applications, experiments and observations, collectively called 
precursors, preceded the design and development of the Magic Bowl, the developed 
platform and the sample working applications (prototypes). Figure 6.1 gives an overview 
of the development of the Magic Bowl, the different example applications, system 
components and precursors. Similar to the design-implement-evaluate iteration cycle for 
designing middleware that is described by (Edwards et al., 2003), the development of the 
platform, prototypes and precursors can be described as containing early and late phases 
of the overall design and development. The early phase corresponds to a number of 
precursor applications that were designed before the before the magic bowl, but also 
involved partial implementations, non-integrated modules and concepts further developed 
with the magic bowl. The later phase involves some sample applications for using the 
magic bowl, and explorations and investigations for further developing the platform. 

6.1 Placing and multi-device setup 
In a complex and technology-rich environment like many interactive meeting spaces, 
users need an easy and flexible way to set up the room. In particular, they need it during 
the start-up and shutdown phases where all the graphical displays and feedback sources 
are turned off. A group of users who enter the interactive environment spend valuable 
time at the beginning of each work session to set up the room, if they manage to do so at 
all. Put simply, the magic bowl platform provides the functionality of a main on/off 
switch for setting up an interactive meeting space session. It also provides the capabilities 
to support customized setups for different sessions, or partial sessions. 

In interactive meeting spaces, and in the vision of ubiquitous computing (Weiser, 1991), 
masses of communicating computerized devices will be intertwined with daily life and 
activities and embedded in the walls and fabrics of our physical environments. This 
concept can be interpreted as we take the technology into use and integrate it into our 
daily and social activities and practice, but also it can also be seen literally: how do we 
embed technical properties and infrastructure into all sorts of objects and appliances?  
Throughout the deployment of an interactive meeting space, a number of issues arise as 
to the interaction, impact and technical applications of this ubiquitously deployed 
technical equipment. The list below includes some issues related to multi-device setups, 

01 02 02 02 02 03 03 03 03 04 04 04 04 05 05 05 05

Early Phases

Later Phases

Configuration Tools

Startup
Demo Phicons

Knob 1 (feel)

Magic Bowl

iStuff in iLounge
iLounge

Knob 2 (feel)

Figure 6.1 Illustrates the phases of development, prototyping and deployment of the magic bowl, and
the corresponding sample prototype applications and investigations. 
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to dealing with interactive meeting spaces, and to the setup and interaction with the 
technology that is deployed and embedded.  

- What desirable functions can we expect from various devices surrounding us? 
- What desirable combination of functionality makes sense? 
- How do we customize and define meaningful combinations of functionality? 
- How can we present and access desirable combinations of functionality? 

With the interactive meeting spaces deployment described in this work a number of 
technical solutions and devices were deployed, often as a starting point to enable us to 
investigate different needs and modalities for interactive meeting space activities. Over 
time, however, the focus has been on ways to collaborate between digital media and 
documents, and in some cases distant meetings. In these cases, the interaction and most 
commonly used modalities have addressed the applications of coordinating and sharing 
the use of regular on-screen GUI applications. Therefore, the various additional 
appliances and pieces of technical equipment have mostly been used with some default 
setup. Many of the devices are deployed instead as placeholders, or as a starting point, to 
enable further investigation of new and other modalities.  This is true of both applications 
of peripheral information and interaction modalities, and of the more physical and 
tangible design activities (e.g. tinkering). A number of technical base categories make it 
possible to classify some of the multiple deployed devices and applications to setup and 
control such spaces. 

Devices and Appliances: These control the physical aspects of the environment, like 
turning on the lights, computers, projectors, etc. They may also control a particular 
appliance, i.e. a lamp or servo, or may turn a computer on or off. 

Software Applications: These are used to manage files and other work material related to 
a certain group of users. They are also used to control a particular application or service 
on a computer device. 

Proxies and Device Drivers: Many devices are connected as peripherals to some host 
computer and controlled through a device driver or service running on that computer. For 
devices that are controllable or connected directly through the network, some 
intermediary proxy host computer is used. 

The following approaches for multi-device setup are explored and further developed both 
within the precursor experiments summarized below, and further within the design and 
deployment of the Magic Bowl. 

- I/O interfaces: sensors/actuators, fusion and control1  
- Combinations & Macros 
- State capture, recall and time-browsing (e.g. (Rekimoto, 1999, Ionescu et al., 

2002)) 

1 Examples are  PLC (Programmable Logic Controller), X10 (http://www.x10.com, http://www.ehem.com), 
DMX (E1.11, USITT DMX512–A, Standard for Controlling Lighting Equipment and Accessories), as well 
as sensors, actuators, and servos.  
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6.2 Precursor observations 
The Magic Bowl was developed through a number of earlier prototype applications and 
in response to a number of issues that arose in interactive meeting spaces, particularly 
around starting them up, and getting a room set up for a particular activity. Based on 
observations of the use, maintenance and development of these prototype applications 
and instances of interactive meeting spaces, it was possible to determine the implications 
and requirements for implementing the technical design of the magic bowl. Several 
additional observations also provide concrete examples of problems that correspond to 
the framed research questions. 

6.2.1 The Knob 
The purpose of the knob was to control one singular parameter of the Feel intrusiveness 
management system. Visible and physical representation of the state resulting from the 
interaction represent a quality of the knob, that also have influenced the Magic Bowl, 
placing interaction technique. 

 
The knob, also mentioned in section 4.1.2, was developed as a tangible user interface to 
support collaborative and shared negotiation of the acceptable level of external intrusion 
for to a particular activity session (Jonsson & Mattsson, 2002). The level of the 
intrusion’s impact that corresponded to the knob was fed to a system for non-intrusive 
messaging that re-routed incoming external messages to different displays and modalities, 
corresponding to the level of the knob. Two principles had a particular impact on the 
design of the bowl. First, a physical user interface was needed to support negotiation 
through physically visible manipulation. Second, at least in its initial implementation the 
knob embodied and revealed the corresponding digital state it represented. 

 

 

 

 

Figure 6.2 The knob at left: initial version from the demo deployment at the Disappearing
Computer Jamboree, Zurich 2001. At right the later version, used in the feel intrusive
management study (Espinoza et al., 2007)  
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Particular design goal for the, knob was to: 

- Provide a tangible user interface that makes negotiation about the activity directly 
and hands-on. 

- Enable negotiation, through visible physical manipulation. 
- Expose the state resulting from the negotiation, physically represented directly 

through the controlled (tangible) user interface. 

6.2.2 iLounge: Home (and stage) automation, control and setup 
As an initial observation, of the initial deployment of different technical equipment we 
found it problematic, to control and configure the interactive meeting space, according to 
addressed activities. As a solution to this, we started to deploy and develop a number of 
solutions to make the equipment controllable through software over the network. Also for 
this solution, it was problematic to, easily setup the environment according to different 
demands. 

The overview of the problem areas provided in Chapter 2, gave two perspectives on 
interactive meeting spaces. In addition to providing an environment, and sufficient 
technical baseline to support collaboration and meetings in various ways, additional 
perspectives include the maintenance and setup of the technology and management 
solutions that will enable users to start their activities within the interactive meeting space. 
As we started to develop interactive meeting spaces and deploy a number of networked 
and more or less remotely controllable appliances and technical equipment, we quickly 
discovered problems. As a next step, we started to wire up and develop device drivers 
and technical solution that enabled us to automate and control the deployed devices 
through software over the network. 

Many of the technical solutions were inspired by and based on home and stage 
automation solutions, such as light controls, light effects and moving cloth walls. Still 
other device drivers were based on existing network or serial, wireless or infrared 
interfaces. Most of the technical material deployed in iLounge was regular consumer 
products, and specific technical solutions had to be developed and improvised for the 
different pieces of equipment. Simple consumer dimmers, and switch modules were 
installed and plugged in to control the light. In addition, motorized blinds and cloth walls 
were deployed, controlled by simple consumer switch modules. The control modules 
(dimmers and switches) were regulated over the power-lines (X10); to control the light, 
blinds and motorized cloth-walls a control interface was plugged into a computer.  

We tried two different interface solutions. One, a consumer module with an open source 
device driver (wish), resulted in significant delay. A second solution that was slightly 
faster but even less reliable was to interface a RF remote control module, and reproduce 
the RC signals from a custom-designed RF serial interface to an RF transmitter. None of 
the solutions supported users in querying or monitoring the resulting level of the 
controlled devices.  
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In addition, we developed a number of solutions and device drivers to deploy equipment, 
and to turn on and off and otherwise control the computers, projectors, cameras, audio 
and video conferencing equipment. To provide support for collaboration and coordination 
of activities, we deployed several computers, and both stationary, shared, and personal 
devices, particularly the iROS software infrastructure and applications; all these helped 
support fluent sharing and coordination during the collaborative activities. 

6.2.3 iButtons, and the PatchPanel 
The goal with iStuff (Ballagas et al., 2003) project is to speed up and simplify the 
experiments in setting up different user-interface hardware configurations for interactive 
meeting spaces. Therefore iStuff provides a toolkit of basic, generic physical input and 
output devices; it is new in that it is completely mobile and untethered, and remotely 
accessible through the room software infrastructure (Event Heap). Therefore, it can be 
combined on the fly to build or extend physical post-desktop user interfaces. The 
extension of this goal is that the "users" are primarily developers who wish to assemble 
post-desktop GUIs quickly using the iStuff toolbox, incrementally striving towards 
permanent deployment as end-user interaction devices. 

In iLounge, the primary use of iStuff has been some iButtons. Our iButton solution 
interfaced consumer RF remote buttons, like key-fob garage opener buttons and X10 
remote controls. We also used the software framework of iStuff, the Patch Panel 
Intermediary (Ballagas et al., 2004), and the GUI, support the dynamic mapping of 
devices to applications.  

In summary, observations from the precursor applications, particularly the early attempts 
at automation and the experiments and use of the iButtons, indicated problems in the 
following areas: 

Latency: The communication between system components and the hardware devices 
introduces latencies that sometimes become noticeable or even unacceptable for the end 
users. They tend to press the buttons repeatedly until the system responds. This behavior 
results in toggling a feature on and off several times, resulting in further increased 
latencies; sometimes the equipment even fails to perform the task at all. 

Feedback: Users need immediate feedback and guiding constraints so they know if the 
system has performed the expected actions. This is important to make the users feel 
confident in the functionality of the room and to avoid the problems described above, 
regarding latency. 

Symbolism: Users found it hard to know which push button belonged to which function 
and project and to be aware of whether or not it was active. 

6.3 The Magic Bowl platform 
The Magic Bowl offers the capability to associate and trigger collections of services by 
placing physical objects in a sensor bowl. The sensor bowl identifies and monitors the 
presence of physical objects and detects the moment when an object is placed or removed 
from the bowl. The placement or removal of objects in or out of the bowl generates 
events, triggering services that result in enabling or disabling of a corresponding preset.  
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The observations focused on the technology and use of the integrated prototypes and 
systems, in the context of interactive meeting spaces. The technical design involved 
exploration towards a satisfying technical platform, both in relation to the research 
questions, but also to facilitate the implementation of a technical platform that 
corresponds to the placement of physical icons within a bowl, as an interaction technique.  

 
The implementation of the sensor-bowl used an RFID proximity sensor, with a custom-
designed antenna embedded within the bowl. Figure 6.3 gives a schematic overview of 
the technical design of the Magic Bowl, showing the bowl and the way it is connected to 
the iLounge infrastructure. A more detailed description of the parts is found below. 

- Phicons are various symbolic objects with an RFID tag attached, which are used 
to represent the different setups of the interactive room and also to control 
separate services. 

- The Magic Bowl is a physical container of a number of phicons. Users can make 
the tasks or configurations active by placing the associated phicon in the 
container; they become inactivated when the phicon is removed. 

- The RFID antenna is attached to the bottom of the Magic Bowl and provides 
approximately 15 cm reading range, which is enough to detect all the RFID 
tagged objects in the bowl. 

- RFID-reader  EventHeap interface: The interface between the RFID reader and 
the EventHeap maps the RFIDs to Events, and then sends them to the EventHeap. 

- EventHeap is the interactive room communication middleware developed in the 
iSpace research project. 

- For event translation, the PatchPanel is used to translate one event to others.  
- Controllable appliances are curtains, lights, the 3D sound system, the video 

conference system, computers, projectors, etc.   
- Hardware Interface: Controllable hardware translates events from subscribed 

events to the interface hardware, such as serial protocols and device drivers.  

Figure 6.3 a schematic overview describing the connections of the hardwis and softwis components in
The Magic Bowl. 
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- Event2Command proxy:  Each computer device runs an event-to-command 
demon that maps the parameters of certain trusted events to the commands 
executed on that computer. 

- Shared screens and computer resources are used to display information and 
support collaborative interaction. 

As shown in Figure 6.3 the coordination and communication of events is based on the 
event heap (Johanson & Fox, 2002) described within section 4.1.1. Next, we describe the 
technical investigation of some central components and features of the Magic Bowl 
implementation. We particularly emphasize the two central qualities listed below: 

- Hardware platform include the physical design, and the sensor implementation. 
The hardware platform is illustrated by, the Phicons, the Magic Bowl and the 
RFID antenna and reader implementation in Figure 6.3. A number of aspects of 
sensing and monitoring states and the beginning and end of sessions are handled 
by the RFID Reader and EH-interface, and the PacthPanel state-machine. 

- Appliances and device drivers, particularly describes the interfacing with software 
applications and hardware appliances in the room. Illustrated in Figure 6.3 as 
Event Proxy and EH to X10 interfaces 

6.3.1 Hardware platform 

 
A number of technologies can be used to detect and identify a physical item within the 
bowl, like barcodes and a barcode scanner, weight and size measurements or 
pattern/video recognition. In the i-Land project (Streitz et al., 1999) weight sensors were 
used, and physical objects were identified by their weight. The weight was used as an 
identifier for the object, and it could be associated with a reference to some digital media. 
The media was then transferred over the network, and would be visible on some other 
device if the object was moved and placed on a weight sensor associated with that device. 

Figure 6.4 The implementation of the magic bowl, containing a number of tagged physical objects
(phicons). At left is the initial version, at right a newer version, with improved reading range and
multi tag capabilities. 
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RFID (Want et al., 1999) has also been used within several applications, to associate 
physical objects with digital documents, media or services. For the magic bowl we used a 
13.56 MHz reader module1 (Table 7.2), wired to the serial port of a regular computer 
(19.2 kbps). A bowl with an embedded custom designed antenna was used (Figure 6.4). 
The reader detects new tags and reports each time it detects a new tag.  It also monitors 
the presence of already detected tags, and detects when a tag is removed.  Each detected 
tag also needs to be queried regularly. 

A number of technical tests and experiments were carried out to develop a satisfactory 
working hardware platform. Some technical problems and limitations arose and required 
solutions or compensations, such as further design of the platform and applications, or 
demands to guide or constrain the usage according to the expected interaction. In some 
cases, further technical improvements would still be beneficial. Different tag types were 
tried out and several different reader modules were also tested see Table 7.1  

Table 6.1 Three tested RFID readers and their characteristics 

Each of the different readers presented a different set of technical problems. While 
working towards a technical solution and a reasonably satisfying hardware platform, we 
needed to consider several aspects that involved not only the separate reader modules, but 
also their communication and robustness capabilities: 

- Reading range, antenna tuning 
- Robustness, recovery and feedback 
- Anti-collision and multiple tag detection 
- Ability to identify and detect tag removals 
- Protocol concerns, features and capabilities of the particular RFID reader modules 

The hardware platform provides a sensor technology for detecting, identifying and 
monitoring tagged physical objects placed within the bowl. As mentioned, special care 
was needed to ensure that the sensor implementation would detect both the appearance 
and the disappearance of objects that represented an enabled or disabled state 
corresponding to some software services. In addition, we had to manage the state of the 
software services to mirror the physical repository of the represented services within a 
preset. In many cases, a simple model could specify the different events and services to 
be fired, based on the different events posted, based on whether an object was placed in 
the bowl or removed from it. In addition,  PatchPanel provides a state machine feature 
(Ballagas et al., 2004) that supports the toggling of different presets, and triggers chases 
of events, whether triggered by a timer, or by some follow-up event. 

 
1  Skyetek(tm), http://www.skyetek.com/  

Fabricator Reader Tested tags Characteristics URL 
Philips HT-RM 440 Hitag 1 125 kHz, short 

range, multi tags 
http://www.nxp.com/prod
ucts/identification/hitag 

Softrónica RIDEL 5000 iCode-1 13.56MHz, mid 
range, multi tags 

http://www.activetag.net 

Skyetek SkyeReadM1 iCode-1 & 
ISO15693/SLi 

13.56MHz, short 
range, multi tags 

http://www.skyetek.com 
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6.3.2 Appliances and device drivers 
As we started to develop, interactive meeting spaces and deploy a number of networked 
and more or less remotely controllable appliances and technical equipment, we raninto 
further problems. As a next step, we started to wire up, develop device drivers, and 
improvised technical solutions that enabled us to automate and control the deployed 
devices through software over the network. In particular we developed a number of 
device drivers and scripts to control and monitor devices, using the event-heap 
coordination infrastructure for interactive meeting spaces (Johanson & Fox, 2002). The 
list below gives an overview of the device drivers, hardware interfaces and improvised 
technical solutions we used to enable the magic bowl to control and automatically start up 
and shut down the room appliances. 

Wake on LAN. Many Ethernet cards can be used to turn on a computer through the 
network, by sending a specific bit sequence to a selected MAC address. We designed a 
device driver (EH2WoL) to turn on computers on the local network, by posting 
EventHeap events containing the MAC address of the computer to be turned on. 

X10 devices. X101 offers equipment for home automation, and a number of dimmers and 
switches, controllable and addressable over the power lines, as DIN modules to be 
mounted in a power central.  They can be combined as wall-mounted switches, and as 
power outlet plug-in modules, as none of them requires wiring in addition to the power 
lines. We deployed X10 modules to control a number of properties and peripherals in the 
interactive meeting space, such as lights, window-blinds, curtain cloth walls and auxiliary 
power outlets for switching and dimming. To control the X10 devices remotely we used 
an open source device driver (wish)2 and a CMA17 X10 serial interface module. We 
developed a wish-to-event script to control the X10 devices through the infrastructure of 
the interactive meeting spaces room. 

IR/RF-LIRC iStuff. Many appliances can be controlled through IR remote controls. A 
variety of RF remote control solutions is available, such as RC interfaces for X10 devices. 
We wired up a number of modules to scan and send both IR and RF remote control 
signals. With LIRC,3 we recorded and reproduced remote control signals. The LIRC 
solution was used to control and interface with consumer devices, and also to use 
consumer remote controls, or RF garage opener buttons as alternatives to custom 
designed iButtons (Ballagas et al., 2003). 

Projector control. One of the most obvious problems was to start up, shut down and 
select input sources for the projectors to the large displays. Due to limited documentation 
and the lack of appropriate custom cables for controlling the projectors, we initially 
improvised a solution: we recorded the IR remote control signals. To turn the projectors 
on, we reproduced these IR signals at the start-up of the connected computer. A major 
drawback with that solution was the lack of feedback on the protocol level in 
combination with an uncertainty about the outcome of the committed instructions. After 

1 http://www.x10.com, http://www.ehem.com   
2 http://wish.sourceforge.net/   
3 Linux Infrared Remote Control  http://www.lirc.org/  
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some experiments, and as we found better documentation, we managed to provide a more 
reliable wired serial-interface solution, controlled from a centralized room controller host. 
That interface responded to event heap events for turning the device on and off and for 
selecting signal sources; it also posted feedback and status information to the event heap. 

Polycom Control. To control the videoconferencing unit we developed a device driver 
that could be connected via telnet to the videoconferencing unit. That made it possible to 
specify a number of events, particularly to connect to remote video conferencing host, but 
also to select different camera presets, both locally and at the far host. 

Event2Command. As a tool to, easily develop device drivers or to launch applications 
distributed on different hosts, or as peripherals controlled through different hosts, we 
developed the Event2Command, a lightweight, generic service for dispatching arbitrary 
commands on selected host devices, through specific events posted on the event heap. In 
the interactive meeting space the Event2Command service has been used to control 
software applications on dedicated computers such as showing or closing a slide-show, 
selected document, or other regular application (particularly on stationary equipment, but 
also on client laptops). The tool has also been used to launch commands to shut down a 
computer, or to control peripheral equipment such as the light (X10 devices) and the 
LIRC reproducing of remote control commands. The Event2Command tool has been 
used in two different modes, mostly as an iROS manager service, started as an iROS 
manager is started. As alternative we installed the Event2Command tool as a demon (or 
svchost process in Windows), launched at the startup of the computer. Here we also 
started iROS, or selected iROS applications selectively, by posting Event2Command 
events to the individual computers.  

VoIP / Minisip To place VoIP phone calls through the room’s audio and speaker system,  
the Minisip (Eliasson, 2006)  was interfaced through event-heap events. 

Camera presets. A number of cameras are deployed in the interactive meeting space, 
both for study purposes and for video conferencing, offering additional views to the 
angles supported by the video conferencing unit. The deployed video cameras support a 
number of setups, such as picture-in-picture, quad, alternative views and angles, and 
motorized zooming, tilting, panning and presets for the separate cameras. Event heap 
interfaces to select and control several of these features were also explored and 
implemented. 

Default standby (passive instruction). A very simple solution, particularly for shutdowns, 
but also for some cases of startup, is the default-provided features for standby, and startup 
based on input signal detection. Both the projectors and the plasma/LCD displays 
supported these features for shutdown, possibly in combination with a timer delay to 
protect the lamp. The plasma/LCD screens, which has shorter periods for warm-up and 
on/off, could also, be started simply by having the screens detect the signal from the 
computer.  

Auto-start and script scheduling (passive instruction). In many cases, using scripts and 
batches of auto-configured tasks is the most straightforward approach to configuring and 
starting several services. Startup scripts solve many of the configuration problems that 
arise at the startup of a device or of the overall room; they also provide a simply 
manageable solution to many reoccurring problems, i.e. micro-reboots and crash-only 
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software(Candea et al., 2004). In our interactive meeting space, we developed and used a 
number of scripts and auto start features to automatically log on and get the right set of 
services and applications running on the computers in the room. In addition, we provided 
a number of scripts to solve problems on the background server machines. These scripts 
are both used manually, as batch-reboot services that probably cause some problems or 
latencies. In addition, these scripts were scheduled for nightly reboots to prevent various 
reoccurring problems. 

iROS state subscription, control events and PatchPanel. A number of the iROS 
applications can easily be monitored and configured directly through the event heap. 
Some examples this can be done to show (multbrowse) a particular website on a selected 
screen, to select an initial screen for a selected mouse and keyboard (point right), or to 
pre-define some specific content for the shared clipboard (iClipboard). Most such events, 
as well as many of the other described event-heap interfaces, are triggered by other 
events through roles defined in the PatchPanel. 

6.3.3 Technical validation 
For the placing interaction technique, investigated in this work visual and physically 
conserved expected state, independent of active digital displays, with combinational 
flexibility to corresponding to the setup of associated devices and digital services are 
desirable.  

The technical requirements, introduced in section 2.5.2, are recapitulated in the list 
below: 

- Starting up (and turn off) the whole room, from a state where most devices is 
turned down. 

- Support control and selection of virtual services, through physical representations. 
- Enable digital properties to be physically represented and manipulated. 
- Constrain the effect of unavoidable and unpredictable latencies when controlling, 

turning on and off much of the deployed equipment 
- Support identification of complementary combinations of services  
- Support commonly used services, or services used in particular ways commonly 

to be combined and become available as one service, represented by a singular 
physical widget.  

- Provide a shared understanding of an activity through shared physical, visual and 
persistent mirroring describing activity and session. 

The requirement to start up (and turn off) the whole room, from a state where most 
devices are turned down, is technically supported by six factors: 

- As a tangible user interface, the user interface is physically (at least partially) 
present and available, independent of digital displays, and of the overall technical 
equipment in the room. 

- As we started to design and build interactive meeting spaces, we came across the 
challenge of controlling devices and services, and developed a number of device 
drivers to control and automate much of the equipment in the room over the 
network. 



Pointing, Placing, Touching 

89  

- The presence of placed physical objects within a distinct area, as the bowl, are 
continually monitored and sensed.  

- The objects placed within the distinct area correspond to a selected preset of a 
compilation of services. 

- The selected active configurations are physically represented within a bowl that is 
also present in the space. 

- Digitally augmented objects are explicitly placed out in a bowl. The objects must 
be shaped to fit, and be detected by the sensors in the bowl. 

The requirement to support control and selection of virtual services, through physical 
representations, is technically supported by the fact that the platform uses RFID as a 
sensor technique to identify (combinations of) physical objects.  

The requirement to enable digital properties to be physically represented and manipulated 
is technically supported by the fact that any physical object can be turned into a phicon 
that can control any setting of any controllable device in the room. 

The requirement to constrain the effect of unavoidable and unpredictable latencies when 
controlling, and turning on and off, much of the deployed equipment is technically 
supported by the demand for stateful placement of physical objects that limit the 
tendency for users to toggle and overload the system by repeating commands several 
times when latencies occur. 

The requirement to identify complementary combinations of services is technically 
supported by three facts: 

- Physical objects represent the enabling of a configuration, corresponding to a 
preset of a combination of services. Several physical objects can be enabled at 
once. 

- The deployed use of the bowl particularly supports the selection of active 
configurations for longer sections, where quick and simple interaction is 
facilitated for enabling and disabling active presets of combined services and 
appliances. 

- Direct manipulation is supported by combining devices (or objects) that represent 
services or resources in the physical space. 

The requirement to support commonly used services, or services used in particular ways 
that can commonly be combined and become available as one service, represented by a 
singular physical widget, is technically supported by four facts: 

- In many cases, one or a few base presets for the setup of devices and services 
provide an acceptable base functionality and availability.  

- Combinations of physical objects represent different selected active 
configurations of the room. Such a configuration results in a new preset. 

- PatchPanel provides a tool to tailor the room for different activities and to modify 
and reuse existing presets without the need to program and recompile the overall 
system. 

- Users can see how the room is configured and look at the phicons in the bowl to 
verify whether the phicons in the bowl correspond to the active configuration.   
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The requirement of providing a shared understanding of an activity through shared 
physical, visual and persistent mirroring activity and session setup is technically 
supported by several factors: 

- The shift of activity and corresponding setup of a session could be negotiated by 
(physical) manipulations of the physical and visual phicons. 

- The manipulation and selection of a new preset are physically visible and 
performed actions. They possibly provide a cue for negotiation and 
communication of the interaction. 

- The preset resulting from the placing expression is physically represented within 
the bowl as long as it is active. 

- The physical and explicit interactions carried out by placing physical objects 
within a distinguishable bowl serve as a visible protocol for negotiating the 
technical set-up of supporting systems corresponding to a particular activity 
session. 

6.4 Prototypes and deployment 
With the Magic Bowl, we explore a tangible interaction technique, based on the 
manipulation and arrangement of physical objects by tracing and monitoring the state of a 
physical object. A base implementation, along with a demonstrator deployed and used 
over a longer time, represents the developed prototyping platform for the magic bowl. 
The implementation is based on auto-ID, for identifying objects placed in the bowl. 

We configured a number of phicons and further developed tools that correspond to a 
scaled deployment, use, maintenance and reuse of the magic bowl as a platform. To give 
some examples of the functionality and considered deployment of the platform, some 
example phicons is provided. The most often used sample phicon is the default 
startup/shutdown phicon; the others have particularly been provided and used during 
demonstrations of the room. Below we give a scenario for the use of both the startup 
phicons and some of the other demo phicons. Then follows a description of the 
implemented sample phicons, and a description of some experiments and prototypes that 
aim to improve the end user configuration and maintenance of phicons and configurations. 
Summing up, we revisit some of the experiences from the deployment, use, 
demonstration, maintenance and prototyping of sample applications (or phicons) used 
with the magic bowl. 

Illustrative scenario: The Spaceman project team arrives at the iLounge for another 
meeting. To quickly get everything started, they put the start phicon in the Magic Bowl. 
The light in the room goes on and the computers and public displays start up. One of the 
team members puts the Spaceman phicon in the Magic Bowl, and a personalized 
configuration of the room is activated. As a result, the documents used during the last 
working session become easily available, and the main working documents for the 
project open up on the chosen public displays. Other specific room setups could also be 
automatically activated in the same way. The team continues working with two 
documents they did not finish at their last meeting.  

After a while, the group needs to contact its partners at another location, so one person 
puts the video conferencing phicon in the Magic Bowl to start a video conference (VC) 
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meeting; see Figure 6.5. This involves both calling the remote partner and displaying the 
video from the remote location on one of the large wall displays. On the other large 
display a document, shared via Messenger (Application Sharing), shows a shared agenda 
and supports shared note-taking for the video conference. To end the VC meeting they 
remove the video conference phicon from the bowl, the VC closes down and the resulting 
notes are saved with the other working documents for the Spaceman project team. The 
work continues using the main documents until the meeting ends. To end the meeting, a 
user removes the project phicon from the Magic Bowl and the configuration is saved. 
Finally, the team also removes the start phicon from the bowl, which results in shutting 
down the public computers, lightning and public displays. 

 

6.4.1 Start-up & Shutdown Phicons 
The configuration for the magic bowl that has been used most consistently has been the 
startup and shutdown configuration for the room. An old RFID tagged (HD) floppy disc 
was used as a phicon, and associated with a set of software services that turn the overall 
room on as the disk is put into the bowl; it turns all the equipment off as the disk is 
removed. Here, turning the room on corresponds to a number of services launched, both 
those initiated by events from the PatchPanel (active instruction), and as consequences 
and scripts that are launched automatically, i.e. on the start up of a device or service 
(passive instruction). 

Light Control. To turn on the light in the room, PatchPanel posted a number of X10 
device events, triggered by the placement of the startup phicon in the bowl. They posted 
X10 Events to the X10 devices, and put the light in the room on a reasonable default level. 
As the startup phicon was removed, PatchPanel was posting events to turn off the lights. 

Figure 6.5 The iLounge used with a video conference setup, running a 
video conference with the Stanford iRoom 
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Computer Control. To turn on the computers in the room, PatchPanel posted a number of 
Computer Control events, triggered by the placement of the startup phicon in the bowl. 
To turn the computers on, separate events were posted to the Wake on the LAN service, 
to start up all the stationary computers included in this default startup setup. The 
computers were turned on and passively instructed to log on automatically. As the startup 
phicon is removed, an event corresponding to a shutdown command that causes the 
computer to turn off within 30 sec. was sent to the Event2Command service on the 
separate selected computers, causing them to turn off. If a startup phicon was placed in 
the bowl again within 30 sec., the shutdown was aborted. 

Projector Control. To turn on the projectors and displays in the room requires a 
combination of active and passive instructions. For the projectors active instructions on 
PatchPanel post a number of projector control events, triggered by the placement of the 
startup phicon in the bowl.  PatchPanel initially posts events that trigger the Projector 
Control device driver to turn on the projectors connected to some of the computers or 
devices that have been turned on. In addition, after a timer delay, PatchPanel posts an 
event instructing the projector control device-driver to select the right signal source. For 
the plasma displays that do not require the same warm up/cool down and delay, and for 
careful on and off management, passive instructions turn the displays on and off and 
select the  source based on signal detection. The projectors are configured to shut down 
on a passive instruction, after a timeout without a detected signal. 

Application Control. To start the iROS applications, a default set-up for the iROS 
Manager is used, auto starting as the public computers are logged on. iROS Manager is 
also configured to start a number of iROS services by default in a session server mode, 
without the requirement for selection and authentication of the local event-heap server. 
The following services are started on the public computers in the interactive meeting 
space: point-right in an incoming pointer (server) mode, multibrowse (boot service, and 
droplet/teamspace panel), iClipboard, and Event2Command.  Meanwhile, on one of the 
displays the authentication service, which supports client authentication, is also started. 
The Event2Command also supports the launching of additional applications actively 
initiated by posting events to the local event-heap. Before the iROS Manager/Teamspace 
was released, we used a setup where Event2Command automatically started as a demon 
(svchost process on windows) and the iROS services were actively initiated by events 
posted by the PatchPanel, at the startup of the room. As the startup phicon is removed 
from the bowl, the computers prepare to shut down and the applications that have started 
are terminated by default (passively) as the computers are turned off. 

6.4.2 Demo Phicons 
A number of additional sample applications have been designed, mostly used internally 
and for demo purposes. Below we describe the motivations for and implementation of a 
number of these sample applications.  

Presentation phicon. This is intended as both a demo feature and a troubleshooting guide, 
for unattended use of the interactive meeting space. It can launch a presentation 
containing some support information for iLounge and the presentation will close when a 
user removes the phicon. Demos of the room often are accompanied by a presentation 



Pointing, Placing, Touching 

93  

describing different intentions for the room and the principles of various applications and 
features. As part of a demo, launching and closing a presentation is also quicker and more 
illustrative than a full shutdown of the whole room.  

Video Café phicon. This phicon will reconfigure the room for video conferencing, switch 
the left public screen to be used by the VC unit, and then place a call to our colleagues at 
a research lab in Paris. When the phicon is removed, the call hangs up and the screens are 
switched back to normal desktop mode. The assumption for this configuration is that the 
room and the display are already turned on, and that the video unit and the selected 
shared display are temporary reconfigured for an informal video conferencing session. 

RUFAE multipart video seminar phicon. For the multi-part video conferencing seminars 
within the RUFAE1 research lab network, a number of communication and information 
resources are used in parallel and as backup, to maintain and facilitate communication 
within a number of modalities.2 A magic bowl phicon, which connects to the multipart 
video-conferencing server, selects video conferencing as the input to one of the shared 
displays, and opens the VNC (e-mediaspace) in a browser on the other main public 
display. As the RUFAE phicon is removed, the video conference hangs up and the e-
mediaspace is closed. 

VoIP support call phicon. As a group uses the room, problems often arise. It is not 
always possible for the users to solve the problem on their own, and it is not always 
possible for the same person to be available to give support and help-out. The intention in 
placing the support phicon in the bowl is to place a call from the room (using the room 
audio system) to someone who is able to help-out with emerging problems. The sample 
phicon places a VoIP call to a fixed number, and hangs up the call as the support call 
phicon is removed. A support call was placed whether or not the room was started up.  

Light bulb phicon. On entering the room, one need not turn on all the (default) 
computers and the displays in the room.  For cleaning and for some maintenance it is 
enough to turn on some light in the room. The light bulb is used to turn on some basic 
light, and not the rest of the equipment in the room. As the light bulb is removed from the 
bowl, the light is turned off. 

6.4.3 End-user configuration tools 
To manage, customize and define new phicons the PatchPanel described earlier is used to 
specify event translations, corresponding to activation and inactivation of the preset 
corresponding to a number of services. However, to maintain and specify the phicons 
using the patch panel (either programmatically or through the PatchPanel Manager GUI) 
requires significant expert knowledge about the PacthPanel and about the different 
services and events that can control the devices, applications and services deployed 
within the interactive meeting space. To overcome some of the problems, we carried out 
experiments and prototyped systems that would automate and simplify the specification 
1 http://www.rufae.net/  
2 These include video conferencing and a VNC desktop sharing web interface (http://www.e-
mediaspace.com/), for presentations and shared applications.  Instant Messenger provides a channel for 
informal peer-to-peer, peripheral and alternative communication between the participants.  Voice/phone 
conferencing provides a backup to the video conferencing; a wiki site provides announcements, documents, 
guides and information about the network.  
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and customization of phicons. We also investigated the design of two systems to simplify 
and support end user configurations of phicons:  Composite and Session State recall. 

The magic bowl supports several phicons being active simultaneously. This provides an 
opportunity for the bowl to support flexible setup by combining phicons and changing the 
functionality of the environment. Typically, this would only involve changes in the 
environment that are relevant for a shorter sub-session of a project, e.g. connecting a 
remote co-worker in a VC, as described in the scenario above. 

Using the composite, we investigated a solution based on combinations of phicons 
corresponding to atomic, independent services. The concept is to set up the room by 
adding several phicons corresponding to different atomic settings. A new phicon for that 
configuration is then specified as a bundle of all these combined services. The new 
phicon may be physically bundled, that is by cementing phicon grains together. 
Alternatively, it is possible to virtually cement or reproduce the setup, by copying it into 
a phicon corresponding to the combined atomic services. Such a phicon grain could 
represent several individual atomic services: 

- Turning a particular lamp 1% up, and 1% down on inactivation 
- Moving a curtain 1 foot clockwise or  counter clockwise 
- Opening / saving and closing a specific working document 
- Connecting / disconnecting video conferences to a particular remote site 
- Connecting / disconnecting voice (VoIP) calls to a particular number 

The Workspace Navigator (Ionescu et al., 2002), is an application on top of the iROS. 
iROS is also the basic coordination of configurations for the Magic Bowl. Workspace 
Navigator is a meeting capture application for storing, reusing and recapitulating previous 
project work content. It captures working documents, browsed internet URLs and 
screenshots from the numerous screens and computers. Overview pictures and other 
environment specific settings are also captured. The captured files are stored in shared 
folders, accessible for members of different project groups. The content is structured as 
‘time slice’ information in a SQL database. The Workspace Navigator browsing 
application supports users in searching for and reusing earlier captured project work. 

The Workspace Navigator has been customized and deployed within the iLounge. In the 
magic bowl design, the navigator is used as basis for our experiments with automated 
capture and recall of presets. With the state and session recall prototype described in 
section 6.4.3 we provided some examples to support both capture storing and recall of a 
number of appliances and software in the space. The captured setups were stored as time 
slice information and could be associated and recalled through the magic bowl. 

Using Session State recall (Hjelm et al., 2005) monitoring, we investigated not only the 
current working documents, but also some other aspects of the state of appliances and 
application states within the interactive meeting space. Additionally the monitored states 
were captured and stored as time-slices representing events that support the states (preset) 
to be automatically recalled. A prototype was developed, as an extension of the 
workspace navigator. Captured time-slices could be associated with phicons, resulting in 
a recall of the particular captured preset as the phicon was placed in the magic bowl. Two 
major limitations with this approach must be mentioned.  First, it requires a large amount 
of work to specialize the device drivers and applications, to support both capturing and 
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recall of the state of each component of the room. Second, to be able to monitor and 
capture the preset assumes that the room has also been set up correctly and through the 
event heap; this is not always the case. Support for three appliances and applications were 
developed as examples: 

- Working documents were already supported by the previous implementation of 
Workspace Navigator, but automatic recall became possible by also storing URLs 
to the document, wrapped within Multibrowse events. 

- The light, capturing and accumulating the percentage and storing X10 device 
control events, could be recalled. 

- The content within the shared iClipboard, stored as the iClipboard event, could 
recall the content of the shared clipboard by reposting the event at a later session. 

These implemented device drivers provided examples of capture and recall on a number 
of levels; several additional and easily developed examples were discussed and specified: 

- Computer control: Capturing and recalling which computers are on or off, storing 
events corresponding to starting computers (WoLAN) and turning off the 
computers (Event2Command - shutdown) 

- Projector control: Capturing and recalling the state of the projectors and displays 
corresponding to the computers and displays that are turned on and off, storing 
events corresponding to power and selection of signal sources for the displays. 

- The control of the blinds and cloth walls (curtains) also uses the X10 device 
controller, but the tuning and accumulation of their position need to be captured 
and represented differently. 

- Point-right, stationary master keyboard, or personal laptop, used to control 
different displays within the interactive meeting space. The currently setup of 
used screens for each mouse and keyboard could be stored and recalled.  

6.4.4 Deployment 
The prototype samples of phicons and configurations developed for the magic bowl, as 
described above, combine various applications to provide some basic examples of ways 
to manipulate a tangible user interface, to support the setup of an interactive meeting 
space, corresponding to different sessions of activity. The sample phicons were used to 
evaluate the magic bowl, first by providing working examples of applications of the 
magic bowl for an interactive meeting space. Second, the samples were deployed, 
demonstrated, used, and maintained over a long time (~4 years) at least for the limited 
use of starting up and shutting down an interactive meeting space (iLounge). 

The magic bowl has been tested through long-term deployment, demonstrations, and 
experimenting and exploration of possible directions of improvement. Experiences and 
inspiration have been collected particularly as experiences of the maintenance and 
deployment of the bowl in iLounge and the provision of different sample phicons 
corresponding to a number of different set-ups for the interactive meeting space. 
Throughout the use of the spaces over the long period of five years, enough specific 
practices have been established to demand significant customizations for different 
activities and user groups. At least four motivations and reasons account for that:  
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- The room has been under continual development, and even as a practice is 
developing, the technical prerequisites and setup need to be adapted and 
maintained. 

- The procedure for customizing and providing setups for particular phicons has 
demanded too much expert knowledge to be done by the users. 

- Limited resources have been available for maintenance and support, both to 
utilize the potential of the environment and to support the customization and setup 
of new phicons. 

- Throughout the long period of using and maintaining the interactive meeting 
space, its usage has been a bit sporadic, targeting open-ended and unspecific 
activities. The recurring need for specific and applicable setups has not been 
determined. 

The process of deployment, long-term usage, demonstrations and explorations of the 
magic bowl platform (by both students and within internal technical projects) has 
revealed several limitations and directions for further improvement and development. 

Over the years since the magic bowl was initially deployed, a number of improvements 
have decreased the need for maintenance to a level where the only need is to reboot both 
the bowl, the RFID hardware and the device driver in some cases where problems occur. 
Rebooting the hardware and device driver regularly (about once a week) currently results 
in an acceptable amount of downtime, allowing the bowl to be used directly to start up 
and turn off the room in most cases. This procedure of maintenance could be automated, 
but has not yet been; then it could be performed as a timer-regulated, nightly unattended 
reboot. 

Many of the customizations have shown only a limited impact, in terms of customization 
for different working groups. With the flexible system software applications, most user 
groups are able to keep track of working documents. Rather than recall all the documents 
and applications from previous sessions, they often prefer to start over again from scratch, 
or with a few selected prepared documents. Similarly, the light preferences probably 
depend more on the time of day than the particular user group. In most cases, the user 
groups are satisfied with a shared space, offering some level of shared technical resources, 
and are mostly able to adapt and improvise to make the best out of different technical 
setups. The process of using major reconfigurations to resolve problems mostly annoyed 
researchers and technical personnel rather than meeting participants using the room. For 
example, a major software component or application may stop working, due to upgrade, 
reinstallation or problems with some other central component. Also, system software 
components failed due to upgrades of the operating system or the Java virtual machine. 
Additional problems in this category were related to the infrastructure, particularly with 
the wired or wireless network, or with connections and malfunctioning external servers. 
Other such problems were resolved by the organization of the overall room; studies are 
commonly video recorded. Different studies, as well as other activities using the video 
recording system (video conferences), used different physical setup, wiring, audio 
settings and fields of view. Other issues are the overall physical organization including 
tables, chairs (furniture), and personal and project-related equipment and notes that are 
left behind. Most of these properties, related to both system version and physical 
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organization, have been hard to maintain and recall for different sessions of using the 
room. 

The physically constraining design offered a less rapid and stateless repeat cycle for 
activation and inactivation then with a button (for both a physical hardware button and a 
GUI soft button). This also limited the problems of toggling, and intensely repeating the 
activation and inactivation of a preset or service. 

The event-based coordination middleware, in combination with the state-full model of 
activation/inactivation of presets, corresponds to different services, but it can cause some 
disadvantages and possible inconsistencies in terms of resolving a coherent state of the 
room. This possible inconsistency is particularly obvious as result of combining phicons 
representing overlapping and conflicting active presets, which are not placed or removed 
simultaneously or within a corresponding order.  

As a simple example, consider the following case of setting the room up to watch a 
movie. Initially, the room is started up, and the room light is turned on by the default 
phicon. To set the room up for the movie a phicon that switches the source on one of the 
public screens to a DVD player is placed in the bowl. To get a cozy and dark cinema-like 
atmosphere a user decides to remove the start-up phicon, to turn down the light and turn 
off unused public screens. However, it is not entirely clear which public display is being 
used for the DVD player, as it should be turned off as the start-up phicon is removed, or 
be kept running as the running DVD is selected as the input source to the public screen. 

An additional application of the magic bowl that was proposed was as a charging meter 
for consultancies, or for experts in various fields. One scenario that came up was for 
pediatricians, spending some time with different patients. As the doctor starts his or her 
treatment of a patient, a tagged token belonging to the patient (imagine a teddy bear) is 
placed in a wireless bowl brought by the doctor, and removed and returned to the patient 
when the treatment is over. As long as the token is placed in the bowl, the time spent on 
treating the patient is logged. 

6.5 Discussion of results 
To evaluate the technical concepts developed here and their significant qualities, we 
developed at least a few working sample applications of the magic bowl to verify that the 
system would support the technical concept; we also deployed and used them over a 
longer time span. The observations from the technical validation and prototype 
deployments are reviewed to draw some conclusions about significant properties and 
qualities from the development and deployment of the magic bowl and the usage of the 
sample phicons.  

A common alternative for the magic bowl, for multi device setup is the GUI, touch panel 
based user interface that is common for the technical setup of many conference rooms. 
The magic Bowl offers a number of significant qualities in relation to this common 
solution: 
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- A number of custom presets can be activated, independent of pre-defined buttons 
on the GUI. 

- Only the phicons, (buttons) of relevance needs to be introduced, and physically 
handed to a user, without having to delimit the flexibility for more advanced users. 

- Several preset phicons, can be activated in parallel. 

The analysis and discussion include a number of properties, qualities, limitations and 
arguments relating to the research questions. This discussion of results is based on the 
following experiences and methodological phases of the development and explorations of 
the physical cursors concept:  

- A number of earlier precursor applications were alternatively considered as 
incremental realizations of the magic bowl, and the concept of physical and state-
full customization based on the physical placement of objects within an 
augmented bowl.  

- A number of supported technical requirements (properties and qualities) were 
summarized in the technical validation. 

- The iROS software infrastructure provided a baseline for coordinating and 
distributing events by triggering services that correspond to the enabling and 
disabling of different presets for the interactive meeting space. 

- The sample applications have been deployed within an interactive meeting space, 
and some observations, opinions, and ideas for improvements and new 
applications have been collected. 

6.5.1 RQ1 
How to facilitate identification and manipulation of a physical widget, in order to select 
and control a particular service?  
As we started to design and build interactive meeting spaces, we encountered the 
challenge of controlling devices and services. This challenge is particularly critical in the 
case of starting up (and turning off) the whole room, from a state where most devices are 
turned down. 

By attaching an RFID tag, any physical object can be associated with virtual and 
interactive properties corresponding to the activation and inactivation of presets 
corresponding to one or several specified services. Ideally, users can turn any physical 
object into a phicon that can control any setting of any controllable device in the room. 
This makes the magic bowl a flexible and extendable tangible user interface solution. It 
provides a physical user interface solution to manage some of the most crucial set-up 
needs for working in the room. It serves as a simple and intuitive user interface that does 
not require all computers and screen in the room to be powered on constantly, and it also 
provides a safe and simple way to shut down the room. We also investigated, and 
technically supported, the flexibility in start-up and the ability to add or change parts of 
the setup during a work session. A number of examples of different settings and add-on 
functionalities for using the room have been deployed. 

The deployed sample phicons illustrate how services corresponding to activation and 
inactivation of presets can be associated with physical objects or devices. The sample 
phicons also show how physical objects can be flexibly associated with a variety of 
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digital services, through the magic bowl platform. In addition, this tangible user interface 
supports the principle of physically embodying the corresponding digitally represented 
and active preset. As a tangible user interface, the magic bowl platform particularly 
exemplifies the use of the following technical qualities: 

- As a tangible user interface, the user interface is physically (at least partially) 
present and available, independent of digital displays and the overall technical 
equipment in the room. 

- As we started to design and build interactive meeting spaces, we came across the 
challenge of controlling devices and services. 

- It is necessary to continually sense and monitor the placement of physical objects 
within a distinct area as a bowl. 

- The objects placed within the distinct area correspond to a selected (enabled) state 
of a compilation of services.  

- The selected active configurations are physically represented within a bowl that is 
also present in the space. 

- Digitally augmented objects are explicitly placed out in a bowl. The objects must 
be shaped to fit and must be detected by the sensors in the bowl. 

- The platform uses RFID as a sensor technique to identify (combinations of) 
physical objects.  

- Any physical object can be turned into a phicon that can control any setting of any 
controllable device in the room. 

6.5.2 RQ2 
How to control specific complementary combinations of services though the 
manipulation of physical widgets?  
Usage of the room has shown that there often a large and unavoidable latency occurs 
when users are controlling, or turning on and off, many of the devices. These latencies 
also differ largely between different devices. Turning many devices or services on or off 
synchronously may also interferes in various ways; for example, a particular lamp may 
cause unacceptable reflections on a particular screen. We need a simple, reliable and 
hands-on tool to deploy and launch the room and the desirable devices and services for a 
particular activity. 

From observations during the initial deployment of the space, we found that users 
entering the environment spent valuable time configuring and starting up the room, and 
often could not do so without support. The magic bowl has been found to provide a 
satisfying easy and flexible solution to enable users to control the complex and 
technology-rich interactive meeting spaces, as represented by iLounge. In particular, the 
magic bowl it has been shown to be essential in the start-up and shutdown phases of the 
room, while most other graphical displays and feedback sources are turned off. 

We have found that turning many devices or services on or off synchronously sometimes 
results in large, unavoidable and often unpredictable latency. These latencies also differ 
largely between different devices. The physical design of the bowl also constrains users 
from intuitively toggling (placing and removing) objects in the bowl in case of a delayed 
response. That is, given the design, users are less likely to toggle phicons within the bowl. 
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This appear to create a higher tolerance to the latencies, resulting in less frequent 
overload of the system by users repeating commands when manipulating the tangible user 
interface. 

The monitoring and accumulation of presets relies  on the accumulation of invoked 
services (resulting activation and inactivation of states) or alternatively monitoring and 
relying on resolving and re-creation of soft state beaconing (Ponnekanti et al., 2003). It is 
often hard to provide and monitor a coherent reliable soft-state in many of the cases of 
integrating and automating consumer appliances in an interactive meeting space. With the 
event-based implementation, the accumulated presets are determined and limited by the 
invoked (perceptual or communicative) complementary services and resulting states. In 
the current prototype of the Magic Bowl, we would like a more distinct way of both 
activating and disabling room functionality so that the bowl contains a set of enabled 
functions that reflects the preset of the room. The iROS middleware coordinates 
interactions through events, which represent numerous cued actions instead of reflecting 
the rooms' accumulated preset. The principle of offline spatiality provides an alternative 
way to continually sense, accumulate and maintain the coherent consistency of 
accumulated presets in relation to the corresponding software states; see Chapter 8. 

The sample phicons illustrate how combinations of services, corresponding to the 
activation and inactivation of presets, can be combined and associated with physical 
objects. The sample phicons show how complementary combinations of services can be 
identified. In particular, the deployment and use of the sample phicons exemplifies 
several technical qualities of the magic bowl platform: 

- Physical objects represent the enabling of a configuration, corresponding to a 
preset of a combination of services. Several physical objects can be enabled at 
once. 

- The deployed use of the bowl particularly supports the selection of active 
configuration for longer sections, where quick and simple interaction is facilitated 
to enable and disable presets of combined services and appliances. 

- Direct manipulation is supported by combining devices (or objects) representing 
services or resources in the physical space. 

- Demanding state-full placement of physical objects limits the tendency to toggle 
and results in fewer of the system overloads that occur when users repeat 
commands several times, in the case of latencies. 

6.5.3 RQ3 
How to capture, store and recall a preset of services?  
In many cases, one or a few base presets for devices and services can provide an 
acceptable base functionality and availability. To tailor the room for different activities, it 
would be desirable to have simple ways to modify and reuse existing presets. 

For many cases one or a few base preset for the setup of devices and services, provide an 
acceptable base-functionality and availability. To tailor the room for different activities, 
simple ways to modify and reuse existing presets would be desirable. In the magic bowl, 
the computers, displays and projectors are started when pre-configured phicons are 
placed in the bowl. The lights turn on, along with one of the large wall displays; then the 
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group gets a list of all files and applications that were running at the end of their last 
meeting. 

The PatchPanel provides a graphical user interface for configuring the phicons. An 
improved and easier interface is required so the average end user can change the actions 
that can be activated and deactivated by phicons. A number of investigations and 
prototypes explored continuations to refine the implementation, and to further deploy 
usage applications and end user configuration tools for the Magic Bowl.  

The sample phicons and the investigations and prototypes towards the end user 
configuration tools illustrate how combinations of services, corresponding to activation 
and inactivation of presets, can be combined, captured, recalled and associated with 
different physical objects. A number of directions and possibilities for new, modified, 
reused, and combined phicons have been explored. In particular, the deployment and use 
of the sample phicons has demonstrated the following technical qualities of the magic 
bowl platform: 

- In many cases one or a few base presets for the setup of devices and services 
provides an acceptable base functionality and availability. 

- Combinations of physical objects can represent different selected active 
configurations of the room. Such a configuration results in a new preset. 

- PatchPanel provides a tool for tailoring the room for different activities and to 
modify and reuse existing presets without the need to program and recompile the 
overall system. 

- Users can see how the room is configured and look at the phicons in the bowl to 
verify if the placed phicons correspond to the active configuration. 

6.5.4 RQ5 
How to design the manipulation of physical widgets to enable a social protocol for 
coordination as an alternative to (invisible) individual manipulation?  
Most desktop and GUI applications are designed to support individual (invisible) control 
and communication without further involving the visible and offline properties of shared 
physical space as a social protocol. One aspect of providing a shared understanding of the 
activity is to provide a shared (physical) visualization, mirroring and describing the 
intended activity. Shifts of activity and corresponding setups for that session could be 
negotiated by (physical) manipulations of the shared visualization, or mirroring of the 
activity. 

The Magic Bowl shows how negotiation about the setup of both the physical and 
software environment for a work session can be supported through augmented physical 
objects. The Magic bowl supports the process of making configurations more exposed. 
By placing physical symbolic objects within the collectively accessible Magic Bowl, the 
user activates a configuration corresponding to the object. By removing the object from 
the Magic Bowl, the user makes the configuration inactive. 

- Physical representations of a room configuration are physically available and 
freely manipulated. The manipulation and selection of a new preset is a series of 
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physically visible and performed actions. That may provide a clue for negotiation 
and communication of the interaction. 

- The selected preset resulting from a placing expression is physically represented 
within the bowl as long as it is active. 

- The placing concept is expressed physically, particularly during the initiation and 
closing of a session or distinct activity. Throughout a session of activity, 
corresponding to the placing of an object in the bowl, the enactments and 
negotiation of using the bowl are less intense.  

The magic bowl and the sample phicons illustrate how physically visible hands-on 
manipulation and gestures for activities concerned with the setup and negotiation of a 
designated session of activity can be provided through tangible user interfaces. In 
particular, the deployment and use of the sample phicons exemplify the following 
technical qualities of the magic bowl platform: 

- Shifts of activity and corresponding setups of a session could be negotiated by 
(physical) manipulations of the physical and visual phicons. 

- The manipulation and selection of new presets is a physically visible and 
performed action. That may provide a cue for others to negotiate and 
communicate about the interaction. 

- The selected active presets resulting from the placing expression are physically 
represented within the bowl as long as it is active. 

- The physical and explicit interactions carried out by placing physical objects 
within a distinguishable bowl enable a visible protocol for negotiating the 
technical set-up of supporting systems corresponding to a particular activity 
session. 



Pointing, Placing, Touching 

103  

Chapter 7 A touching Interaction technique: 
Physical Cursors  

In this chapter, a new interaction technique is introduced, named Physical Cursors. The 
chapter describes how certain tasks can be performed using a specific set of 
manipulations performed on physical objects. In particular, the technique aims to provide 
user interfaces to support two types of tasks: 1) association of services that support 
communication and 2) direct control of services distributed over different computer 
devices in a common physical space (i.e. interactive meeting spaces).  

Also presented is a middleware platform that supports realize the interaction technique. 
The implementation of this platform is described, along with implementations of several 
sample applications based on the platform. Physical manipulation, for example 
associating software services with physical locations, objects and devices in the physical 
space, can easily be done without heavy, specific hardware requirements for every object 
or device involved. To exemplify the use of the Physical Cursors platform it has been 
used to provide shared and visible collaborative user interface for some of the core 
features of the iROS/Teamspot software infrastructure for interactive meeting spaces. 

 
Several applications, experiments and observations, together referred to as precursors, 
preceded the design and development of the physical cursors interaction technique, the 
implemented middleware platform and the working example applications (prototypes). 
Figure 7.1 gives an overview of the process involved in developing the physical cursors 
platform, including the various sample applications, system components and precursors. 
Similar to the design-implement-evaluate iteration cycle for design of middleware 
described in (Edwards et al., 2003), the development of the platform, prototypes and 
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Figure 7.1 illustrates the phases involved in developing and prototyping the physical cursors
platform, approximately related to the periods of most active work on them (beginning in early 
2004). The boxes marked in black represent the middleware platform components; the other boxes
represent a number of precursor prototypes and sample applications. 
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precursors can be described as an early and late phase of the overall design and 
development. The early phase corresponds to a number of (precursor) applications that 
were designed before the Physical Cursors platform was implemented, but it also 
involved partial implementations or non-integrated modules of the platform. The later 
phase involves some sample applications for the usage of the middleware platform that 
apply to the usage context of interactive meeting spaces. 

7.1 Touching and multi-device direct manipulation 
The Physical Cursors interaction technique is a direct manipulation involving multiple 
devices; out of the individual devices and screens, able to bring the versatility of mouse 
cursors, between several devices, used for different purposes. To implement the physical 
cursors platform, RFID tags are attached to devices, locations, and objects giving 
physical representation to software services and digital properties. The specific device, 
location or object is selected by touching the attached tags with a handheld, wireless 
(RFID) proximity sensor. An operation such as pick-and-drop(Rekimoto, 1997), used to 
move a file from one device to another, would typically consist of the following direct 
manipulation steps, based on the physical cursors platform: 

1 The user attaches a “Pick-and-Drop” card to the handheld proximity sensor, 
and the proximity sensor becomes a pick-and-drop tool.  

2 When the user moves the pick-and-drop tool, and touches a tag attached to a 
source device, a software service that associates the tool with a “pick-up” file 
on the source device are called. That makes the tool associated with a file 
selected on the source device. 

3 Next, if the Pick-and-Drop tool (the reader, with the Pick-and-Drop card) is 
moved to touch a tag on a second device, the file (on the Pick-and-Drop tool) 
is associated with the second device. 

4 The file is transferred over the network and launched there on the second 
device. 

Table 7.1 relating the physical cursors to a WIMP UI 

WIMP Physical Cursors Example or explanation 
Windows Appliance Traditional personal or shared computers, and their wall-, table-, 

palm- or lap-top screen, mouse or keyboard; other devices such 
as a lamp or a speaker could also be considered. 

Icons Representation,  
Physical Widget 

Physical and selectable representation of appliances (and 
applications), e.g. an RFID tag attached to an appliance or onto 
a physical object representing the appliance (or application) 

Menus Applications, 
Operations 

Services and protocols that support communication and control 
of digital media between user devices 
 

Pointing 
Devices 

Sensors For the implemented platform we put together and used wireless 
(Bluetooth) RFID readers (proximity sensor) 
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In Table 7.1, we summarize the Physical Cursors interaction technique compared to the 
onscreen WIMP (Windows, Icons, Menus and Pointing devices) concept for single 
computer GUIs. In a WIMP-based operating system, independent applications appear in 
different windows, and the (mouse) pointing device can be used to switch between the 
applications of interest. The interaction concept of physical cursors is based on an explicit 
use of sensors to select different objects, or appliances of focus. In a WIMP-based system, 
various entities (e.g. files, applications, objects internally represented in an application) 
are represented by icons and various operations can be applied to a selected entity by 
selecting operations as menu items from pull-down menus. 

Auto-ID and RFID have been used in a number of other systems, explored within the 
field of ubiquitous computing and tangible user interfaces. One of the examples most 
frequently cited was developed by (Want et al., 1999). The Web Stickers (Ljungstrand & 
Holmquist, 1999) used barcodes to link digital media (documents and urls) to physical 
objects. A number of other innovative TUI systems based on RFID technology have also 
been developed (e.g. (Rekimoto et al., 2001, Klemmer et al., 2004). A major difference 
between this technical solution and other RFID-based tangible use interface applications 
is the open-ended application of the handheld proximity sensors. A number of systems 
use fixed RFID proximity sensors and auto-ID slots, to associate physically represented 
media with selected devices (e.g. (Ullmer et al., 1998, Want et al., 1999). Still other TUI 
applications use an array of RFID proximity readers or antennas to identify physical 
objects and their locations e.g. data tiles ((Rekimoto et al., 2001, Jacob et al., 2002). 
When the RFID antennas (proximity sensors) are distributed in a grid, or as slots attached 
to different devices or limited areas, each specific device, location or application are 
specified by separate proximity sensors. 

In addition, several prototype systems have been developed using wireless handheld 
RFID readers, to identify different objects placed out in the environment; in these 
systems the reader is dedicated to a particular task or application (e.g. (Fallman et al., 
2006). With the physical cursors, each application, location and device is identified by 
RFID tags, and physical manipulations and applications are traced and identified by 
recognizing a matching combination of attributes associated with recently identified tags. 

Below is an overview of approaches and alternatives to multi-device direct manipulation 
(remote communication, local shared application and multi-device direct manipulation), 
and in the following section (7.2) we summarize a number precursor experiments and 
observations. The precursor observations also provide a number of concrete examples, 
corresponding to the perspectives of the research questions (from section 2.6) addressed 
in the summary of results provided in section 7.5.  

In ubiquitous computing (Weiser, 1991), it is common practice to use many computer 
devices in parallel (Rekimoto, 1997). This is especially an issue in environments used for 
co-located collaborative interaction. In addition to the personal devices that users might 
bring or use (such as laptop PCs, smart phones, and PDAs) several stationary or shared 
devices can also be used in an interactive meeting space. We must also consider the 
services, which are not presented through direct mappings to visual onscreen user 
interface in these interactive meeting spaces, e.g. sound and audio, possibly represented 
by the speaker providing the sound, ambient displays or light sources, printers (Ullmer et 
al., 1998, Kindberg & Barton, 2001), or documents (possibly represented by a paper copy 
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(Want et al., 1999)). Even if the devices and services are networked, it is often hard to 
manage the communication and sharing of information and interaction between the 
devices and the services physically represented in the environment. 

7.1.1 Remote communication approaches 
Several widely used systems have been designed for remote communication and sharing 
of media, among them mail, web/wiki, shared folders, instant messaging (IM), video, 
desktop and application sharing. Web/wiki, shared folders (and mail) are commonly used 
tools for sharing information, but they lack integrated instant notifications. These 
techniques are traditionally considered for asynchronous communication. Several IM 
applications also support speech, video, application or desktop sharing (e.g. msn, ICQ, 
Skype, etc.). Within a shared physical space, it is reasonably easy to share a file or 
communicate with someone we know well and already have in our mail or IM contact list.  
It can be more complicated to share media with people we met recently, given differences 
in of our personal computer devices or between stationary, non-personal, shared 
computers in the physical space. We do not use different identities, such as email 
accounts and IM screen names, when we use different computers.  Most IM systems only 
work on one host at a time. If we must add every computer device or meeting participant 
to our contact list, we must put considerable effort into configuration, and our contact list 
becomes too large to view easily. Also, even in dynamic interactions such as remote 
direct manipulation of applications and desktop sharing, users ignore the benefits of 
shared physical space. Shared application (or desktop) is mostly just duplicated to several 
screens, and without further support for the use of several screens for the collaboration. 
Additionally, when applications are duplicated on individual screens, it suppresses the 
capacity of physical co-located activities to take advantage of face-to-face coordination 
and communication. 

7.1.2 Local shared application approaches 
Moreover, many systems and applications are oriented towards organizations, groups or 
projects, and groupware; examples are intranets, PDMs (Product Data Management) 
systems and Concurrent Versions Systems (CVS). These provide support for sharing 
information within various organizations, but are commonly oriented towards larger 
organizations, rater than temporal group constellations that are limited by a shared 
physical space. The most common approach to handling these situations is probably to 
just put up a projector and plug the cord into someone’s laptop. Apart from the technical 
problems involved in getting the screen displayed with the projector, users may encounter 
additional limitations. First, the shared screen can only be controlled by one person at a 
time, and any handover is slightly time-consuming, as is handing over the computer, or 
switching the cord again. Second, the user who has the shared computer not only needs to 
share some selected information, but often also needs to share, for example, personal 
notes and email. With some multi-monitor configurations, this second problem can be 
partially solved. Common applications, proposed for location/context aware systems, also 
provide opportunities for users to easily or proactively share and obtain information and 
services that are of particular interest for a particular location (Kindberg et al., 2002). 
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Another approach is the iROS/Tidebreak software infrastructure for interactive meeting 
spaces (or “walk up collaboration zones”). IROS (described in detail in section 4.1) was 
used within the interactive meeting space deployments and provided a powerful tool for 
collaboration and coordination of group work. Even in the case of the iROS applications, 
most coordination and manipulation of shared devices is controlled from the GUIs, 
mouse and keyboard of the users’ individual laptops or computing devices. IROS also 
requires installation, customization and local adaptation of individual client software. 

7.1.3 Multi-device direct manipulation approaches 
(Rekimoto, 1997) proposed multi-computer direct manipulation as a field of user 
interfaces; he emphasized using tangible direct manipulation to move static (serializable) 
files and objects between screens. As an example of multi-computer direct manipulation, 
he presented the pick-and-drop technique, which   uses a stylus-based input device that 
can identify different styluses and look up its ID over the network. An object selected on 
one screen with a stylus is associated with that stylus, and can then be dropped and 
transferred over the network to a second screen. Pick-and-Drop requires users to add or 
integrate the same (expensive and non-standardized) stylus input device to all devices 
that they want to interact with. Another example of a multi-computer direct manipulation 
technique is the mediaBlocks (Ullmer et al., 1998). Physical sensor slots are attached and 
wired to mediaBlock enabled devices, and the wooden mediaBlocks can be placed in 
those slots.  When a mediaBlock is placed in the slot of a regular desktop computer, a 
“physical gateway” or GUI appears as an onscreen extension to the sensor slot attached to 
the side of the monitor. A file or URL associated with the mediaBlock is moved to other 
mediaBlock devices by moving the physical block. Other examples of mediaBlock 
devices are the mediaSequencer, printers, and wall screens (live boards) with slots 
attached.  

These techniques are very appealing to those using hands-on, offline equipment such as 
floppy disks, or USB sticks, or working by hand; one can simply read a text on one 
screen and type it in on another.  They also appeal to those fiddling with or sharing a 
projector cord. Such tasks are often familiar and make these manipulations intuitive and 
easy to understand and appreciate. These techniques present some problems, however: to 
operate, they require non-standard hardware to be added or integrated to all the 
computing devices that users want to manipulate. A second problem is the limited 
support for control and interaction with dynamic media or applications that mainly deal 
with moving files, URLs or pieces of text. 

7.2 Precursor observations 
Several earlier prototype applications, and instances of using interactive meeting spaces, 
were important to the process of developing the Physical Cursors interaction technique 
and the middleware platform. Observations from the usage, maintenance and 
development of these prototype applications and interactive meeting space instances 
made it possible to render the implications and requirements for implementing the 
Physical Cursors platform. In addition, several of those observations provided concrete 
examples of problems corresponding to the framed research questions. Interaction within 
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a shared physical space served as the application domain for all the prototype 
applications and instances of interactive meeting spaces. 

7.2.1 iLounge and iSpaces 
A number of concrete observations that influenced the design of the physical cursors 
platform were made from the design of interactive meeting spaces. In particular, the 
observations were collected from experiences in the deployment, customization and 
maintenance of interactive meeting spaces, and the corresponding system software 
platforms.  

Interactive meeting spaces are not always used with a common shared focus; several 
devices and possibly several users may also do things in parallel, or divide their work  
(e.g. (Sundholm, 2007). Therefore, several activities, devices, applications and sensors 
need to be supported and must be capable of being manipulated actively in parallel. Users 
need simple and direct ways to combine or review each other’s work. 

For collaboration in physical spaces, hands-on manipulation and gestures form an 
essential part of the social coordination, even for activities primarily concerned with 
digital media. Tools for managing (remote) collaboration are primarily designed for 
individual interaction and communication; they do not consider shared physical space, 
where much of the communication occurs directly, independently of the digital tools for 
remote collaboration and communication. 

Even in the first stages of designing and building interactive meeting spaces, a challenge 
arose: controlling and selecting virtual services, through their physical representation, e.g. 
as a speaker, a GUI application on a dedicated display, or a lamp. A number of other 
systems and research efforts within HCI and Ubicomp have also been concerned with 
physical service selection (Masui & Siio, 2000, Kindberg et al., 2002, Ringwald, 2002). 
A particular issue here is how to select and connect (complementary) services, such as 
multi device-interaction and -communication. Two different kinds of complementary 
services are important here. First, some are complementary because of a perceptual 
means.  For example, showing a particular document on a particular wall display while a 
particular lamp is turned on may not be appropriate because of reflections on the screen 
(perceptual complements). In the second type of  services that can be considered 
complimentary, the means are communication protocols or the functionality the services 
provide to each other; for example,  an editing surface (such a display, editor, word 
processor) is complementary to a keyboard, or typewriting services, or a web browser 
(http) client service is complementary to a (http) web server (communication 
complements). Complementary communication services are particularly relevant in the 
case of the interactive meeting space, where the system software facilitates the 
distribution and decoupling of devices and phenomena (Winograd, 2002); this is the 
example of  the editing surface and keyboard service. 

The system software applications we used for the interactive meeting space also made it 
possible to anonymously and even accidentally interrupt or take control over the use of 
available (shared) resources or screens. Most often, particularly while a small group of 
users was engaged in a concrete task, some established practice of the system software 
applications would enable these problems to be resolved directly and socially. A likely 
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limitation here is that the system software applications are designed to support individual 
(invisible) control and communication within interactive meeting spaces. They do not 
address the visible and offline properties of shared physical space as a social protocol to 
coordinate and negotiate the use of shared resources, beyond the keyboard, mouse and 
onscreen applications that are running on each user’s individual devices. 

We also had problems related to deployment, maintenance and distribution of digital 
relational models, reflecting the overall organization of the environment. A key example 
here is the model used to define the spatial organization and transitions between shared 
screens, for a mouse and keyboard redirection application. Space models needed to be 
specified with the client software for each personal device used in the space, but in 
certain situations such models might operate inconsistently: 

- If the client is moved and used within another interactive meeting space 
- If a shared screen in the interactive meeting space is added, removed or 

exchanged 
- If the user moves around in the interactive meeting space, the expected starting 

point may change, but this could also happen with the expected spatial relations in 
the model, such as moving so that the perspective of a tabletop display becomes 
upside down. 

7.2.2 Patcher 
Starting with a design hunch about an interaction technique based on the creation of 
combinations of identifiable physical objects (representing different locations, devices 
and tools), we initially came up with a proposal for a sensor solution to be used for a 
tangible programming platform for children. Initially we designed and developed the 
hardware platform (based on wireless RFID readers) for the Patcher/Tangible 
Programming Space, designed by Fernaeus et al. (Fernaeus & Tholander, 2006 , Fernaeus, 
2007). 

In the Patcher/Tangible Programming Space, simulations or games are created by 
stitching different objects (e.g. representing organisms and functions) to the coordinates 
of a limited working surface. RFID tags are attached to objects or coordinates. A physical 
model is built up on a floor mat, where tagged objects are also placed out and scanned 
with the readers, to determine their location and behaviors. This manipulation also locates 
the objects,   assigns them behaviors and shows them as pictures representing the object 
at the wall-projected surface. In addition, the locations currently being scanned by any 
reader are indicated on the corresponding coordinates on the wall display. Through these 
manipulations, a (simulation) game is programmed so that it can be played (and 
visualized) on the wall-projected surface. This technical setup makes it possible to reuse 
physical resources and easy to add more readers, or tags, as pictures, behaviors and 
coordinates. The application was used by children to program interactive fairytales and 
simulations of food-chains. 
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Patcher made it possible to explore and deploy a concept of programming, and to 
manipulate digital information through physical manipulation of physical objects. In its 
basics Patcher’s technical solution enables (fine-grained) selection and control of digital 
properties through physical manipulation and combinations of physical representations of 
these properties, such as visual appearance, locations (as grid coordinates or devices), and 
physically represented behaviors or properties. 

7.2.3 Tangible Meeting Manager 
Within a project that was aiming towards augmentation and proactive computational 
support of semi-formal meetings, a re-worked technical solution of the Patcher 
application was developed. Conceptually the mat was moved up on a meeting table, and 
defined different areas tied to properties of a formal meeting that we thought were 
essential, e.g. participant chairs/areas, an agenda, and some particular outcomes from a 
discussion of a topic. 

With the Tangible Meeting Manager system (Mattsson & Eliasson, 2005 ), the idea was 
to explore and provide a  sample application for how tangibles could be used to augment 
and organize semi-formal or formal co-located meetings. The system was situated as an 
interactive meeting space application, with at least one shared wall display. Most 
participants also had personal devices so they could individually prepare and work with 
documentation and information related to topics to be discussed at the meeting. Within 
traditional meetings, much of the meeting is managed and supported by direct social and 
tangible manipulations. Tangible Meeting Manager is a meeting support system that users 
can control through physical representations within an Interactive Workspace. Agenda 
Point cards, role tokens and other artifacts serve as stable representations and meeting 
participants have equal and shared access to these as input devices right on the meeting 
table. The system also used RFID tags and the wireless RFID readers used with the 
Tangible Programming Space. A cloth with areas supporting and representing the plan 
and issues for the meeting with an agenda, represented by a time-axis, was placed on the 
table. Personal devices (laptops) and the space around the table were tagged so the 
system could locate attendees. The applications provided a shared representation of the 
agenda on the shared screen, and documents associated with the current agenda point 
were made available either on the shared display, or on personal screens. The physically 
represented agenda points, and the information associated with them could be reused and 
edited both before and after they were discussed. To allow users to edit the agenda points 
an agenda point card was placed beside each personal device, and scanned with one of 
the readers, to launch an agenda point editor application on the device. Thus, the 
responsibility for each agenda point could be managed by physically handing over the 
Agenda Point cards. During the development, the application and the application concept 
were partially used within project meetings and were developed incrementally. 

The application was then pilot tested; it was used in a meeting on the topic of a student’s 
thesis work (Figure 7.2). From a perspective of trying out the system, the session ended 
more like a demo session, where the student was involved in manipulating the system to a 
limited degree. 
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The Tangible Meeting Manager was considering semi-formal meeting activities, under 
fairly formal conditions; this made it hard to find or adopt the overall system to realistic 
situations that actually make sense. It did not seem to be either feasible or fruitful to try to 
find and prepare a real meeting with that clear division of responsibilities and with clear 
but unfinished and undecided agenda points, within the final phase of that project 
(Fasade). 

The tangible meeting manager provided an example of how digital resources could be 
made visible and physically available in a physically shared meeting setup. Additionally 
it provided an example of how a spatial and physical arrangement (of a meeting table, 
devices in the physical space, and physical representations of digital resources such as 
agenda points and documents) could be specified, tied to a particular application and 
made interactive.  

7.2.4 Location-Aware iROS 
A partial version of the middleware platform, and some initial versions of the example 
applications, was provided as system software for an assignment on programming and 
system design within a ubiquitous computing course. As a commonly required 
assignment, a Location Aware iROS application was implemented. This was intended to 
allow the iROS/Teamspace, or some of the applications, to discover and automatically 
connect to a local iROS (interactive meeting space) deployment. As a location sensor, the 
wifi-based spots system was used. In addition to the general assignment, an individual 
extension and design task was assigned. Slightly varying software packages were 
provided over the years the assignments have been given: 

Figure 7.2 Snapshot from the pilot testing of the tangible meeting
manager 
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- In spring 2005, it was an early version of the spots system, and iROS, mainly as 
individual applications (e.g. multibrowse and PointRight) connecting to the local 
event-heap to control a local shared screen (~70 students). 

- In spring 2006, the Spots System, and a partially implemented version of the 
authentication mechanism made it possible to discover and connect to a 
Teamspace/iROS session. Some of the groups also used the RFID hardware 
platform in isolation for their individual design assignments (~50 students). 

- In spring 2007, the same platform from spring 2006 was provided for a more 
controlled lab assignment but with a more independent individual design task 
(~25 students). 

The students proposed various system designs and implemented at least some critical 
parts of the system. A summary describing the location-aware iROS implementations that 
were designed and prototyped in spring 2006 is provided in Appendix A. 

To sense a location, the location had to be captured and defined in advance. This 
definition of places was performed by letting the users (or application designers) 
associate or label locations themselves using arbitrary key-value attributes. The 
granularity of the detection of a spot varies depending  on how the spots are defined and 
overlap, but most are reasonably accurate  within a range of <10 meters from where the 
location was captured. A number of different applications for physically shared, 
interactive (meeting) space settings have been designed. 

7.3 The Physical Cursors platform  
The Physical Cursors platform is a piece of middleware; people using it with physical 
widgets can select, control and associate a variety of software services that are physically 
distributed on different computing devices in a physical space. 

Figure 7.3 illustrates the concept of the middleware platform, and shows how the 
platform facilitates the design of the physical widgets that facilitate control of 
complementary services (such as a keystroke sender and an editing service). The physical 
cursors (middleware) platform make it possible to associate arbitrary attributes with 
physical element (location, device or object) with only one constraint: an auto-id tag 
(RFID) must be fitted to it as a physical widget. Copies, or slightly changed instances of a 
physical widget, can easily be provided by reusing the same or variations of the same 
attributes from a physical widget to another tag attached to another physical element. 
Introducing a new, or additional computer device (a PDA, or a shared computer to be 
used with a high-resolution wall display) with an editor service would just obligate the 
user to copy the attributes from the PDA1 (Figure 7.3) but they would have to exchange 
the ‘WidgetID’ for another RFID which would be attached to the new device. The only 
additional hardware needed to integrate a new hardware device, and provide it with 
multi-device direct manipulation capabilities, is an RFID tag identifying the device. 
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The precursor observations focused on technology and usage of the more or less 
integrated prototypes and systems, in the context of interactive meeting spaces. In 
contrast, the technical validation, development, and design has been an exploration and 
investigation of feasibility and an effort to provide an enabling technical platform, both to 
facilitate the implementation and interaction with the physical widget applications. The 
Physical Cursors Platform combines a number of system components. These components, 
both hardware and software, rely on other existing components (OEM and COTS 
modules, software libraries, communication protocols and server implementations). 
Much of the technical exploration and the validation involved customizing and testing 
ways to fit these components together. In addition, the technical explorations of existing 
components also provided inspiration for the design of the platform, as well as for some 
of the example prototype applications based on the platform. The platform, as well as the 
sample prototypes based on it, has been developed incrementally with partial 
implementations and prototypes of the platform. The Patcher, the Tangible Meeting 
Manager and the Location-Aware iROS (section 7.2) are all examples of precursors, or 
partial implementations that preceded the implementation of the platform. Appendix B 
contains further detail, technical explorations, and validations related to the implemented 
sample applications based on the platform. 

RFID 
Reader

RFID 
Reader

Physical Virtual
Widget Sensor Attributes Service

t1
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WidgetID=keyboard1
Service class= 
keyboard

WidgetID=toolA
service class (URI) =
phcurs.tool.keyboard
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phcurs.tool.keyboard
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Figure 7.3 Conceptual illustration of how the Physical Cursors manage association of services and 
physical widgets.  
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Figure 7.4 provides a brief overview of the overall system architecture for the Physical 
Cursors platform. The properties of the different components are further explored and 
described in the following sections; they are summarized and connected to the research 
questions in the final section of this chapter, the summary of results. The list below 
introduces the components of the platform illustrated in Figure 7.4. 

- Sensor Hardware Platform:  the RFID Readers in Figure 7.4 
- Virtual Labeling mechanisms: the Spots System (Jonsson, 2007), Local Attribute 

Repository, and Community Repository, shown in Figure 7.4 and the RFID sensor 
interface.  

- Matching and Composition:  the Attribute Matching and Service Dispatching and 
RPC service Invocation shown in Figure 7.4 

- Sample applications:  physical widget examples described in 7.4 Prototypes and 
Appendix B, and the RPC Service Invocation and RPC Remote Interface shown 
in Figure 7.4 

7.3.1 Hardware platform  
The RFID readers (Figure 7.5) use a 13.56 MHz reader module 1  (Table 7.2). A 
(bluetooth) serial cable replacement module2 is used to communicate wirelessly with a 
sensor host computer. It is put together on a custom-designed circuit board. The circuit 
board also hosts an RFID loop antenna, a 3*AA rechargeable battery pack, a charging 
connector, a piezo beeper and three indicator LEDs controllable through the reader 
protocol. The whole reader is contained in a box measuring 120*80*25 mm. The wireless 
RFID reader connects to a bluetooth enabled sensor host computer using the bluetooth 
serial port profile (virtual RS-232 ports, with 19.2 kbps bit rate). Several readers can be 
connected to a sensor host at the same time. 

1  Skyetek(tm), http://www.skyetek.com/  
2 http://www.free2move.com  

Figure 7.4 Overview of the system architecture of the Physical Cursors platform 
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A number of technical tests and experiments were carried out in order to develop a 
satisfactory working hardware platform. Some technical problems and limitations also 
arose and had to be worked around or compensated for, for example, by further designing 
the platform and applications, or trying to guide or constrain the usage according to the 
expected interaction. In some cases, further technical improvements would still be 
beneficial. Different tag types were tried out and several different reader modules were 
also tested, as shown in Table 7.2 

Table 7.2 several different RFID readers have been tried. 

During the process of trying out the various readers, various problems arose with their 
technical properties. In order to work towards a technical solution and a reasonably 
satisfying hardware platform, we needed to consider several attributes not only of the 
particular reader modules in isolation, but also related to communication, size and 
robustness capabilities of the assembled units: 

 

Fabricator Reader Tested tags Characteristics URL 
IB-
technology 

MicroRWD 
Hitag 1/S 

Hitag 1 125 kHz, short 
range, single tag 

http://www.ibtechnology.
co.uk 

Philips HT-RM 440 Hitag 1 125 kHz, short 
range, multi tags 

http://www.nxp.com/prod
ucts/identification/hitag 

Softrónica RIDEC 5000 iCode-1 13.56MHz, short 
range, single tag 

http://www.activetag.net 

Softrónica RIDEL 5000 iCode-1 13.56MHz, long 
range, multi tags 

http://www.activetag.net 

Skyetek SkyeReadM1 iCode-1 & 
ISO15693/SLi 

13.56MHz, short 
range, multi tags 

http://www.skyetek.com 

Figure 7.5 Schematic overview and photo of the Wireless RFID readers 
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- Size, shape, batteries, charging, assembling and packaging 
- Wireless/bluetooth profile and connectivity 
- Reading range, antenna tuning 
- Robustness, recovery and feedback 
- Anti-collision and multiple tag detection 
- Protocol concerns, features and capabilities of the particular used RFID reader 

modules 

The hardware platform provides a sensor technology for detecting and identifying 
physical widgets. This RFID is used as a facilitating sensor system, which enables 
physical objects (or widgets) to be uniquely identified; it also provides the capability to 
store a reference to any digital representation of a service or property. The sensor 
hardware is also provided as OEM and COTS modules, so it was not necessary to build it 
all from scratch. Some electronics design, however, was needed to provide a flexible and 
mobile reader unit. The basic enabling supporting technical properties of the hardware 
platform can be summarized as follows: 

- Support for reading multiple tags at once 
- Wireless handheld reader 
- A granularity, or reading range that allows the user to identify and distinguish 

physical objects (widgets) that can be easily manipulated and combined by hand 

7.3.2 Labeling  
The labeling mechanism is based on the spots system (Jonsson, 2007). One goal of the 
spots system is to provide a folksonomy (Gordon-Murnane, 2006)-based system for 
tagging identified sensor data. This is achieved by using a software tool to sense, assign 
and query metadata (in the form of virtual labels) to physical locations, corresponding to 
matching patterns of wifi coverage at different physical locations. The concept is to make 
the management and retrieval of metadata associated with the user’s (or other users’) 
sensor data collection as simple as managing a photo collection on a site like Flicker1, 
through processes like storing, searching, sorting, and sharing. The Spots System has 
been modified so that it can also enable virtual labels to be assigned to (scanned RFID 
tagged) physical objects, which are provided by the RFID sensor hardware platform 
described above. 

The spots system provides a user-centric and community-centric infrastructure to 
organize and resolve information and attributes associated with detected spots. Spots are 
identified by the spots system is associated with virtual labels (key-value attributes). 
Conventions, such as having these virtual labels correspond to parameters and commands 
within a particular community or application domain. Table 7.3, summarizes a number of 
the spots and labels defined for the interactive meeting spaces sample applications. A 
GUI is provided for scanning, adding and organizing attributes or virtual labels and spots 
into a database. Several virtual labels can be associated with each spot. To prevent a 
dedicated spots system from being too dependent on a specific sensor host computer, 
mechanisms to synchronize the local label and attribute repository with a common 
community, or application domain repository. 

1 http://www.flickr.com/  
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Tag-id Name Additional labels 
0xe004010
007a9dfed 

Authenticate spots.service.ServiceID 
=spots.client.iros.services.iROSSessionClient 
Group=iros.dsv.kth.se 

0xe004010
007a9dfe6 

copyPaste spots.service.ServiceI =spots.client.iros.services.CopyPaste 
Group=iros.dsv.kth.se 

0xe004010
007a9c84e 

PointRight spots.service.ServiceID 
=spots.client.iros.services.PointerRedirection 
Group=iros.dsv.kth.se 

0xe004010
0021e164b 

D7 iROS-SessionClientID=johanm 
PublicNotificationEH=l585.dsv.su.se 
spots.service.ServiceID 
=spots.client.iros.services.PublicEHNotifyer  
Group=iros.dsv.kth.se 

0xe004010
0021e1625 

C7 iROS-Locale=iLounge 
iROS-LocalEHAddress=iros.ssvl.kth.se 
iROS-SessionServerID=RightScreen 
Group=iros.dsv.kth.se 

0xe004010
0021e1586 

C10 iROS-Locale=iLounge 
iROS-LocalEHAddress=iros.ssvl.kth.se 
Group=iros.dsv.kth.se 
iROS-SessionServerID=TableScreen 

Table 7.3 A sample of physical widget labels from the deployed sample applications described in 
section 7.4 

A modification of the original spots system enables the spots system to detect and assign 
virtual labels to sensed or scanned RFID tags. The sensor interface/protocol enables 
several of the RFID sensors using individual or virtual serial ports to connect to a 
(sensor) host computer via bluetooth. The modifications of the spots system made it 
possible to use the RFID sensors as an alternative to the wifi sensors. The spots system 
was also modified and tuned based on the more deterministic definition of a spot, defined 
by a specific set of RFID tags. The RFID sensor implementation for the spots system 
makes virtual labels to be mapped to the RFID tags that can be attached to physical 
entities that they represent. The RFID tags provide micro spots (with a granularity of ~10 
cm) that can be attached to physical entities (physical widgets) to be used and 
manipulated by hand. 

Labels can be assigned to “spots” represented either by singular scanned tags, or to sets 
of several tags scanned concurrently by the spots system. It is expected that RFID tags 
will mostly be used as physical widgets to scan and assign labels to spots represented by 
singular RFID tags. 

Design as well as customization and maintenance, of physical widgets can be managed 
directly by copying and editing the virtual labels assigned to existing physical widgets 
with the spots GUI. RFID tags attached to physical objects or devices in the environment, 
also corresponding to the definition and design of new physical widgets. Direct spatial 
properties of physical space can be used to provide independent associations between 
each physical widget and its assigned digital properties or labels. This provides an 
alternative to storing and maintaining an organizational model of the spatial or semantic 



Chapter 7 A touching Interaction technique: Physical Cursors 

118 

relationships between the physical objects and devices. Making the virtual 
representations for the physical widgets independent of each other eliminates the need to 
model the overall organization of the physical space with the objects and devices 
available there, at some particular time.  

We have explored and described some properties of the labeling mechanism provided by 
the spots system.  These properties pertained to several conventions:  

- Support for application domain (or community) labeling conventions and policies 
- Modifications and tuning specifications 
- Labeling conventions, as each spot (or physical widget) corresponds to a 

collection of labels 
- Sensing conventions, scanning and assigning labels to one tag individually 

The labeling mechanism corresponds to the demarcation between physical and virtual 
shown in Figure 7.3. It also provides a GUI tool to assign and maintain the attributes 
assigned to the physical widgets. Thus, we modified and are now using a system 
originally designed to sense, discover and assign virtual labels associated with physical 
locations. By adapting to particular attributes the conventions for a particular community 
or application, it is possible to provide domain mappings of physical widgets for specific 
attributes or services;  these are comparable to “tag clouds” or “popular tags” in the 
folksonomy community tools.1  

Thus, the system supports the technical properties of the labeling component through 
several specific processes: 

- Providing attribute (label) conventions that apply to a particular community or 
application domain 

- Modifying  and assigning  new attributes (labels) and tags that users can manage 
- Directly associating attributes with identified physical entities (widgets), which 

provides an alternative to maintaining the underlying (spatial or semantic) 
models/descriptions of organization of the physical space 

- Associating  and matching devices and services that correlate to determined sets 
of tag IDs 

- Integrating the spots system with the hardware platform for the RFID sensors  
- Providing support for reading and discovery of multiple tags and labels at once. 

7.3.3 Matching and composition 
The matching component reads the sensor data and identifies the combinations of labels 
that correspond to selected services. The spots system continually posts sensed spots and 
their corresponding labels as XML documents on a local (loopback) socket. A spots 
client application connects to the socket and parses the XML documents to detect 
changes in the captured sensor data, e.g. if any tag has appeared or been removed. For 
each determined label, assigned to a tag captured by a proximity sensor, the unique tag 
ID, timestamp, a sensor identifier and the key-value attributes (labels) is reported. 
Template services can be defined for different physical widget applications. Template 
services identify a matching set of attributes (command+parameters), and provide 
policies regarding those attributes. Examples of such policies (or dependencies) is the 
1 i.e. Flicker (http://www.flickr.com/) or del.icio.us (http://del.icio.us/)  
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temporal order (timestamps) in which the tags or labels are scanned, and policies on 
which sensor identifies which labels. The implementation of the overall platform and the 
(physical widget) sample applications was implemented mostly in Java. Template 
services can be added and dynamically loaded by providing a class identifier as a virtual 
label (command), assigned to the physical widgets. 

The point of using the matching mechanisms is to determine and assign parameters to 
services, corresponding to the labels associated with the scanned (sensed) spots. Several 
spots and matching combinations of labels can be sensed concurrently, based on several 
goals or reasons: 

- To carry out a particular interaction involving the association of several physical 
widgets (e.g. as shown in Figure 7.3) typically by the same user using the same 
sensor. 

- By different sensors, corresponding to different activities carried out by different 
users at the same time. 

- By different services, relying on labels associated with a (partially) overlapping 
set of physical widgets. 

- By accident (or trial-and-error), by keeping a physical widget attached to (or in 
the proximity of) a sensor even as when another activity is being carried out. 

For all these situations, the spot system can resolve a number of spots, with their 
corresponding labels. The parsed sensor data is provided to a matching algorithm (Table 
7.4) through a continually updated queue of parsed label tuples. Except for the key-value 
attributes, the label tuples contains the tag ID that the label is associated with, the sensor 
ID for the sensor that scanned the tag, and a timestamp that allows it to differentiate 
between different situations (listed above) according to the expected intention of a 
determined and sensed manipulation. 

The set of labels that corresponds to some particular interaction is resolved by the service 
templates, a plug-in (or script) that matches a complementary set of labels and (remotely) 
initiates the corresponding services on the associated, selected devices. The plug-ins 
depend on various application domain conventions, a set of fields (placeholders for the 
labels) defined for a particular application (domain) to instantiate or update. The basic 
policy for adding (or updating) a label is that the service template contains a field 
corresponding to the attribute key of the label (row 16 of Table 7.4). In addition, specific 
policies can be defined to determine if a label should be added or updated. Examples of 
four such policies can be provided: 

Temporal dependency:  the causal order in which different labels must be discovered. 

Internal dependencies: the need for some labels to originate from different RFID spots, 
or, conversely, to originate from the same RFID spot. For example, one might not want a 
service to connect two devices, assign them labels associated with the same device, and 
use the same RFID tag to identify both devices. 

Sensor dependency: the need for the same sensor to discover different labels, associated 
with different RFID spots 

Local resource dependency: the situation when a label corresponds to all instances of a 
service, or to all services following the same application domain convention. All the 
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sensors, and the services used by the same sensor host, all reside within the same physical 
space (limited by the 10 m bluetooth connectivity range); therefore all the services may 
need to share some common information, or local communication resource. An example 
is the Event Heap address and the name identifying a particular interactive meeting space 
location, in the sample applications described in Appendix B. 

If all demanded labels have been added and (any potential) additional constraints are 
satisfied, the service will be launched in a separate thread (as shown in rows 17 and 18, 
Table 7.4). 

Table 7.4 Principal matching algorithm, but excluding some optimizations and checks, such as 
avoiding loading or launching, multiple instances of the same intended service. 

To provide support for new services, the service template implementation is provided as 
plug-ins; they are dynamically loaded and identified by label attributes that provide a 
(universal) reference to the implementation of that service template.  

The matching component identifies and invokes services that correspond to particular 
labels associated with a combination of scanned (RFID) tags. This corresponds to the 
demarcation between attributes and services shown in Figure 7.3. Matching policies 
corresponding to the expected physical manipulation of physical widgets can be defined 
in order to invoke a software service. Matching polices are implemented as plug-ins that 

1 Label is a tuple: 
{String:Key, String:Value, Long:TagID, String:SensorID, 
Long:Timestamp} 

2 Service is a service template class (script/plug-in?) 
{Boolean:addLabel(Label), Boolean:isReady(), void:start()} 

3 SL is the service loader, a class that lookup and loads 
service templates (Service), identified by a URI (Universal 
Resource Identifier) String 
{Boolean:verify(URI), Service:load(URI)} 

4 L is the queue for all Labels, associated with all scanned 
tags {Label:waitNextLabel()} 

5 S is the set of service template instances (Service) 
{void:addService(Service, Label), Service:nextService(), 
Boolean:hasNext()} 

6 While(always) // as long as the sensors still run 
7    Li is a label // within L 
8    Li=L.waitNextLabel() 
9    Uri is a (universal) identifier for a Service (plug-in) 
10    Uri = Li.Value 
11    If(SL.verify(uri)) 
12       S.add(SL.load(uri), Li) 
13    While(S.hasNext()) 
14       Si is a Service //within S 
15       Si=S.nextService() 
16       If(Si.addLabel(Li)) 
17          If(Si.isReady()) 
18             Si.start() 
19    End // While(S.hasNext()) 
20 End // While(always) 
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invoke arbitrary software services corresponding to the determined attributes and 
application domain conventions defined by the template service plug-in. Thus, the 
matching component supports the basic technical properties through the following 
processes: 

- It associates and matches services that correlate to determined sets of tag IDs and 
their associated attributes (labels) 

- It supports the reading and discovery of multiple tags and labels at once  
- It enables the loading and dispatching of new and customized services (plug-ins 

and new application domains) that not were integrated with the original 
distribution. 

- It provides attribute (label) conventions that apply to particular communities or 
application domains. 

7.3.4 Technical validation 
For the touching interaction technique, investigated in this work visual and physical 
direct manipulation for selection and control of complementary software services, in 
parallel and independent of underlying, digital and redundant representations of the 
physical setup are desirable.  

The technical requirements, introduced in section 2.5.3, are recapitulated in the list 
below: 

- Support control and selection of virtual services, through physical representations. 
- Enable digital properties to be physically represented and manipulated.  
- Enable several (activities,) devices, applications and sensors to be used in parallel 

and manipulate 
- Provide a cheap and realizable technology, to make every device, object and 

application available for physical direct manipulation. 
- Identify complementary combinations of services.  
- Support commonly used services, or services used in particular ways commonly 

to be combined and become available as one service, represented by a singular 
physical widget.  

- Enable (physical/tangible) multi device direct manipulation to support control of 
services running on multiple/different devices.  

- Enable digital properties (or attributes) to be assigned directly to detected 
locations, objects or devices.  

- Enable visible and offline properties of shared physical space as hands-on 
manipulation and gestures for activities concerned with digital media and 
interaction. 

The requirement to support the control and selection of virtual services, through physical 
representations is technically supported by the two properties of: 

- The platform uses RFID as sensor technique to identify and scan (combinations 
of) physical objects.  

- To detect interactions, the system identifies related selected objects – scanning 
several physical widgets (RFID tags) either concurrently or over time (Figure 7.3). 
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The requirement to enable digital properties to be physically represented and manipulated 
is technically supported by the two properties of: 

- Any physical object or device can simply be associated with virtual and 
interactive properties by attaching an RFID tag to it. 

- Attaching tags to physical objects and devices makes it possible to identify 
physical elements and locations. 

The requirement to provide a cheap and realizable technology, to make every device, 
object and application available for physical direct manipulation is technically supported; 
by only needing a cheap RFID tags to be attached to a physical device or object and 
associated with corresponding virtual labels, to make the object available for direct 
manipulation.  

The requirement to enable several activities, devices, applications and sensors to be used 
in parallel and manipulated, is technically supported by the fact that RFID readers can be 
used in parallel.  Each reader can detect several physical widgets (RFID tags) at once and 
each physical widget can be associated with a number of virtual labels. 

The requirement to identify complementary combinations of services is technically 
supported by the four properties of: 

- Direct manipulation is supported by combining devices (or objects) representing 
services or resources in the physical space.  

- Interactions are enabled by composing combinations of physical widgets (RFID 
tags) and scanning them explicitly and actively, either the whole composition at 
once, or in a specific temporal order. 

- Each physical widget (RFID tag) is separately associated with a number of labels, 
corresponding to particular service attributes, i.e. commands and parameters 
corresponding to application domain (or community) conventions.   

- Policies regarding the specific combination of discovered labels corresponding to 
particular services (application domains or community conventions) and their 
complementary dependencies can be defined and added.  

The requirement to support commonly used services—or services used in particular ways 
that are commonly combined and become available as one service, represented by a 
singular physical widget—is technically supported by the five properties of:  

- Each physical widget (RFID tag) is separately associated with a number of labels, 
corresponding to service attributes, i.e. commands and parameters that possibly 
apply to different services (or applications). 

- Several spots and partially matching combinations of labels can be sensed 
concurrently, by different services relying on labels associated with a (partially) 
overlapping set of physical widgets. 

- Several labels, representing services or attributes corresponding to different 
matching policies, can be assigned to the same physical widget. This provides a 
unified representation of two or more copies of physical widgets, representing a 
specific instance or combination of services that have been pushed  together 
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- New services and policies (and services) can be added, by adding new labels to 
both existing and new physical widgets; they may also utilize labels already 
assigned to existing physical widgets. 

- It is also possible to combine labels that the users originally expected to be 
associated with different physical widgets. Figure 7.3 shows an example of a 
keyboard re-direction service. Combining the labels associated with the tool card 
(toolA) with the other labels associated with the keyboard (keyboard1) would, by 
default, associate the keyboard and the re-direction service and eliminate the 
detour of manipulating the tool card and perhaps the dependencies if the particular 
policy has been defined too strictly. 

The requirement to enable the direct manipulation of tangible multi devices to support the 
control of services running on multiple different devices is technically supported by the 
fact that associating an auto-ID (RFID) tag is the only hardware requirement for 
providing computational capabilities to additional objects, devices or locations.  

The requirement to enable digital properties or attributes to be assigned directly to 
detected locations, objects or devices is technically supported by the two properties of: 

- Objects or devices (physical widgets) in the environment are directly selected and 
addressed, identified by an RFID tag attached to them. It is not necessary to make 
assumptions about the physical arrangement of the environment; instead users can 
directly and individually manipulate and select each object (whether 
representation or device), independent of organizational models such as their 
spatial relation to other devices in the same physical space. 

- The only mapping that is required is the associations between the (RFID tagged) 
physical widgets and the services, attributes or device they represent. This reduces 
the demand for of underlying holistic models of the physical environment and 
facilitates direct manipulation of physical devices and tools as an alternative. 

The requirement to enable visible and offline properties of shared physical space as 
hands-on manipulation and gestures for activities concerned with digital media and 
interaction is technically supported by the tree properties of: 

- The reading range of the handheld wireless RFID readers provides a granularity, 
enabling the user to identify physical widgets by touching or holding the RFID 
reader in the proximity of manipulated or combined physical widgets.  

- The user carries out physical and explicit interactions by touching physical 
widgets with the handheld wireless RFID readers; this makes it possible to create 
a visible protocol for coordinating the computer-based activities within a socially 
shared physical space. 

- The physical manipulations can be used as enactments or as proposing activities; 
specific actions can be negotiated and possibly change direction or be abandoned 
before they are selected and launched. 

-  
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7.4 Prototypes and deployment 
Using physical cursors, we can explore a tangible interaction technique, based on 
manipulations such as composing and assembling physical objects. A middleware 
platform was designed to use in implementing working prototypes to support physical 
interaction, based on auto-ID, to scan and identify the composition of identifiable objects. 

The implemented platform makes it possible to consider a number of TUI applications. 
To assess the platform’s functionality, some physical widget applications were 
implemented. These examples demonstrate how the platform could be used to provide a 
physical and visible social protocol for coordinating and negotiating the use of supporting 
software services for the co-located collaborative use of an interactive meeting space. 
The examples provide physical widgets as alternative user interfaces based on existing 
Teamspot(tm) 1  services. TeamSpot provides a software infrastructure for interactive 
meeting space activities. 

The implemented sample applications for the Physical Cursors platform are based on the 
coordination and communication software services provided by the TeamSpot software 
infrastructure for interactive meeting spaces. The implemented samples of physical 
widgets described in this section are based on the pre-market, open source version of 
TeamSpot – iROS/Teamspace (Winograd, 2002, Shih et al., 2004, Croné, 2006). IROS 
provides a software infrastructure for interactive meeting spaces, centered around the 
Event Heap; it can be used to coordinate events and messages that supporting 
applications or services post and subscribed to. The basic supporting services, which have 
been the basis for the implemented physical widget samples, are listed in Table 7.5. 

Table 7.5 Challenges explored by the implemented sample widgets, based on the Physical Cursors 
platform 

 

1 TeamSpot is a product by Tidebreak (http://tidebreak.com), Tiebreak is a spin-off from the interactive 
workspace project at Stanford University. iROS and Teamspot are the pre-market, free, open source 
distributions available at http://sourceforge.net/projects/iros/.  

Challenge Supporting iROS Service Physical Widget 
Facilitate sharing of instant local p2p 
files and web links 

iROS: MultiBrowse 
Tidebreak: CrossWarp 

Physical File & Data 
Gateway Widgets 

Facilitate universal copy and paste 
between documents on different 
computers 

iROS: iClipboard 
Tidebreak: CrossPaste 

Physical File & Data 
Gateway Widgets 

Extend the personal desktops to a 
shared desktop of multiple shared 
displays controlled individually 

iROS & Tidebreak: 
PointRight 

Physical Pointer 
Redirection Widgets 

Provide room-aware authentication to 
ensure physical presence to connect 
and contribute to a work session 

Authentication  
iROS & Tidebreak: 
Unnamed  

Physical Authentication 
Widgets 
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7.4.1 Physical File & Data Gateway Widgets 
The File and Data Gateway, provide a direct manipulation p2p local file (and data) 
transfer service, similar to e.g. mediaBlocks (Ullmer et al., 1998). The implemented 
Physical File-and-Data Widgets, sample application is shown in Figure 7.6. The expected 
manipulations for the performance of a file operation are illustrated in Figure 7.7. The 
frames (a-c) illustrate how a media token (physical widget that identify a copy & paste 
service) is associated to a laptop, using a wireless RFID reader. Frame (d) illustrates the 
appearance of a physical gateway GUI, and how a file is dropped on, and associated with 
the physical widget (media token). When the media token is brought to some other host 
(e-f), the physical gateway GUI appears and the file is transferred and launched at that 
host. 

 
Our initial goal and idea was to try to have the File&Data gateway integrated with, and 
using the iROS/TeamSpot GUIs’ and implementation of Multibrowse/CrossWarp and 
iClipboard/CrossPaste (Figure 7.8). After some experimenting and testing, we however 
realized that their not was possible to temporarily, add a droplet panel corresponding to a 
specific physical File&Data gateway widget, without major re-implementations of the 
overall service. In addition, we needed a message protocol for the communication 
between the sensor host and the selected devices. For this we changed direction and 
designed a new physical gateway service (and GUI), but that used 
Multibrowse/CrossWarp features to transfer files and URLs to a selected target device. 
This design is probably also more intuitive. The drop area ties to the edge of the screen 
where it showed up last, as it appears. It can also easily be dragged to the segment of the 
screen edge where the physical widget representing that screen is attached, as an 
extension to the physical widget representing the particular screen (illustration/photo). 

Figure 7.6 Illustrates the Physical File-and-Data gateway implementation 
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Figure 7.7(a-g) Illustrates a file transfer (similar to mediaBlocks (Ullmer et al., 1998)) 
implemented using a wireless ID sensor. 
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The manipulation of the physical File&Data Gateway widgets applies directly to the 
example described in Figure 7.7. Files, web-links and text snippets can be selected and 
dropped on the File&Data Gateway GUI, that appear when the tool card and the reader is 
touching the tag of a computer. When something is dropped on the GUI, the GUI 
disappears and the dropped content becomes associated with the tool card. When a reader 
and the tool card (physical widget) touch another computer, the content previously 
associated with the tool card is transferred to that computer. 

A technical description of the implementation, based on the Physical Cursors middleware 
platform is provided in Appendix B. The Physical File&Data Gateway widget prototype 
has shown how physical direct manipulation of digital media can be archived (in an 
interactive meeting space) by physical widget implementations based on the Physical 
Cursors Platform. 

7.4.2 Physical Pointer Redirection Widgets 
Most multi-device direct manipulation applications support the sharing of unchanging 
predefined chunks of data, such as a file, a piece of text, or a URL (Rekimoto, 1997, 
Ullmer et al., 1998, Ljungstrand & Holmquist, 1999, Kindberg & Barton, 2001).. The 
Physical Widget we developed for keyboard and pointer redirection provides an example 
of how dynamic, real-time streams of media or interaction can be manipulated through 
physical direct manipulation. Using a keyboard and pointer redirection application (e.g. 
PointRight) it is possible to use one computer to control the mouse pointer and the 
keystrokes on the other (shared) computers and screens. 

 

Figure 7.8 Screenshot of the 
Teamspot GUI 
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The physical widgets for pointer redirection are used to select a shared public screen, and 
then select a device (a keyboard and a mouse) from which to control the selected shared 
screen. The conceptual illustration (Figure 7.3) also uses a keyboard (and pointer) 
redirection case as example. As a result of that manipulation, the keyboard service 
(keyboard1) will be associated with the editor service (PDA1) so that the keyboard can be 
used to type directly on the pda. The manipulation here is as follows.  First the user 
attaches the “toolA” (physical cursor tool and keyboard) card to a handheld proximity 
sensor; then she moves the sensor and touches the keyboard (keboard1), and then moves 
the sensor (still with the toolA card still attached to it) to touch PDA1 with the sensor. 
The physical pointer redirection widgets are used to make the pointer redirection 
application within iROS/Teamspot (point-right) to redirect the keystrokes of the keyboard, 
to the PDA (PDA1). 

One problem that arose was how to deploy the models that reflected the organization of 
the overall interactive meeting spaces. These models must be consistent with the current 
physical organization of the space and often individually specified for different devices. 
A particular example is the model used to define the spatial organization and transitions 
between shared screens, along with the mouse and keyboard redirection application, used 
in the interactive meeting space deployments. The Physical Pointer Redirection Widgets 
allowed us to target this problem by addressing each device directly and individually.  

A detailed technical description of the implementation, based on the Physical Cursors 
middleware platform, is provided in Appendix B. Our implementation of the Physical 
Pointer Redirection widget prototype showed how it is possible to archive the physical 
direct manipulation of the control of multiple devices in an interactive meeting space, 
using the physical widget we implemented based on the Physical Cursors Platform. 

7.4.3 Physical Authentication Widgets 
The iROS/TeamSpot authentication is a mechanism for selecting a particular location, but 
does also appear to offer some means of verifying a user’s current location. As the user 
selects an iROS/TeamSpot location to connect to, the client posts a message, containing 
an authentication code that is shown on one of the public displays in the room. The user 
is prompted for an authentication code; as she sees the message, she types the code and 
becomes connected to the selected iROS/teamspot location. The Physical Authentication 
Widget provides an alternative to this selection and authentication mechanism.  

In addition, the RFID reader, with the “Session Authenticate” tool attached, needs to 
touch the tag of some already connected device, either a residential session server, or 
some other already connected session client. This tool has two versions; the first is for 
devices where the (wireless) reader is directly connected to the device (sensor host), 
which identifies its location. In the second version an RFID reader is connected to some 
other device at that location (either residential, or some other already authenticated sensor 
host); the sensor host identifies the devices that appear at the same location and notifies 
the devices. 
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A detailed technical description of the implementation, based on the Physical Cursors 
middleware platform, is provided in Appendix B. The Physical Authentication widgets 
prototype provides a sample of the way that discovery, selection and authentication for 
interactive meeting spaces can be provided through physical direct manipulation, by 
using the physical widgets that were implemented based on the Physical Cursors Platform. 

7.4.4 Deployment 
The sample (prototype) applications of the physical cursors platform described above 
provide a combination of applications; they serve as basic examples of physical 
manipulations corresponding to an interactive meeting space scenario. The sample 
applications have been used to evaluate the physical cursors platform. First, they 
provided working samples of applications based on the platform. Second, they were 
deployed, tested, and demonstrated by some users within an interactive meeting space 
(iLounge).  

In developing the platform, we wanted the form factor to be open for the design of actual 
prototype implementation, so we used rectangular (13.56MHz) RFID label tags, which 
are available in sizes down to 1*2 cm.  Given that the scanning range decreases with the 
size, the tags we used most often were 5*8 cm. These tags can easily be attached to or 
embedded in any prototype, whether physical, form factor, or paper. The three basic 
prototype applications (listed in Table 7.5) provide a set of physical widgets that can be 
applied as a combination of physical tools to support a common interactive meeting space 
activity. Figure 7.9 illustrates a rough idea, as a form factor for the physical widget 
example tools, inspired by the context menus in a graphical (WIMP) user interface. 

 
Demonstrating the prototype systems and having people experiment with them, to collect 
feedback on the overall idea and concept within its full context. This is also a way of 
generating ideas, inspired, for example, by participatory design oriented methodologies 
and practices e.g., (Carroll et al., 2002). These demonstrations and experimental sessions 
also provide more indirect ideas, or new alternative directions to overcome various 
limitations. The physical cursors platform and the sample physical widgets applications 

Figure 7.9  (right) RFID reader and three attachable tool cards inspired by the context menu in 
a graphical (WIMP) UI. 
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have been demonstrated for various student and research project groups, in different 
stages during the development of the platform. 

Sometimes it is hard to achieve a realistic situation for testing within the actual context, 
for example, when complex combinations of several services are used by many users, and 
the circumstances are changing dynamically. Some of the research questions can also be 
viewed in light of explicit technical problems, as technical specifications, isolated 
phenomena or operations that need to be supported. We were able to provide some 
testing and verification of these specifications, for example by providing sample 
applications based on the platform. Such testing still leaves out many aspects of actual 
usage, but at least it validates to what degree the implemented systems satisfy the 
specified requirements, and provides some examples of the kind of applications that the 
platform can support. 

These physical widget prototypes have been deployed in an interactive meeting space 
(iLounge). During the past few years, the resources for maintaining the interactive 
meeting space have been limited and its usage has been sporadic. Our interests in 
interactive meeting spaces shifted towards more lightweight setups, so the issues that 
emerge with situations of many large shared displays or interactive walls still represent a 
challenging area of research and development (Robertson et al., 2005). 

It is also problematic to deploy and study the use of interactive meeting space technology 
in a realistic setting. In most meeting situations, participants talk primarily to each other, 
or prepare something using individual devices or paper notes.  Situations where meeting 
technology is successfully used are actually quite rare. This fact also places demands on 
the technology to be robust, always operative, without the demand of constant 
maintenance.  

The Physical Cursors platform and sample applications are still in a stage of development 
and deployment where they would benefit from several improvements to their robustness. 
For example, batteries run out and need to be changed, and bluetooth links go down, 
resulting in both hardware and software that needs to be restarted.  In addition, the 
environment (both human bodies and metal) affects the RFID reading capabilities, so 
considerable maintenance is still needed to keep the prototypes running and usable. A 
number of demos (and workshops), however have been carried out successfully, both 
while the platform and the prototypes were still under initial development, and in the 
current situation of being fully operative but able to support demanding deployments. 

During the development, team members held meetings to discuss and explore the concept 
of the interaction technique, and the basic prototype samples; some further ideas were 
also developed. Researchers at the lab, and particularly those involved in the DEKAL 
project, took part in these discussions. A test and demo session, with the researchers in 
the DEKAL project and some were carried out. In addition, some more in-class 
demonstrations were made for undergraduate students. 

In addition, some experiences and ideas for further development and improvement were 
collected.  First, a working implementation of several physical widget samples that 
support the Physical Cursors interaction technique has been tested and demonstrated.   
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Several ideas were discussed to improve feedback, a number of aspects and ideas have 
been discussed and investigated:  

- It would help to be able to retrieve and monitor information on the current state of 
the hardware and system components. 

- Developers should get feedback for each selected physical widget, even though it 
represents only a partial manipulation or interaction. 

- The sensors (RFID readers) should provide direct feedback on their state, e.g. 
regularly blink as long as it is connected, and they should indicate each time a tag 
has been successfully identified, by a blink or beep, as long as this does not 
interfere too badly with reading performance.  

- A dedicated shared visualization (GUI) could visualize the state of connected 
proximity sensors readers, and the tags recently identified by each reader, in their 
vicinity. This has been considered as an application for the interactive table. 

The implemented prototypes and the expected manipulations are focused more on 
procedures and illustration than on efficiency. Thus, it would also be useful to consider 
some tuning and appropriation to make them more efficiently used in everyday meeting 
situations. Several examples arose during the tests: 

- The physical widgets representing different screens could be spread out spatially 
placed across the table – as an offline map or representation of the shared displays 
in the room. 

- At meetings where the users bring their own personal devices, they tended to sit 
instead of running back and forth to a shared screen to take control over it. To cite 
one example from a session, we observed situations where someone grabbed a 
proximity sensor, and pointed it towards a shared screen (to enact an intention) 
instead of associating it with the physical widgets (Figure 7.10). 

 
- Although the feedback was limited or absent, one participant in the test session 

ignored the procedural order of touching different physical widgets with the 
reader. Instead, he bundled the widgets representing his personal device, plus a 
selected shared screen and the selected tool card (i.e. Pointer re-direction) and 
placed them all on a reader at once. 

Figure 7.10 From the test and demo session for the physical cursors. Illustrating how the 
proximity sensor was used to point, to describe a goal. 
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- Not all of the participants brought their personal devices and managed to get them 
properly connected and working. Two participants ended up taking control of, and 
using, one shared screen each; by the side of their personal laptops, they kept the 
physical widget representing separate shared screens and an RFID reader 
individually. 

 
- To use the implemented sample applications, several issues must be addressed; 

except for the issues of feedback and robustness of the implemented system, new 
practices, experience and training needs to be developed. In spite of limitations in 
both the system and the practice, the initiated manipulation of the physical 
widgets and the sensors became an account of the users’ intention to use a shared 
screen, and to have us as participating observers to help out (Figure 7.11). 

We also discussed how to design the appearance and functionality of associations 
between different devices, particularly regarding the multi device copy and paste 
(File&Data Gateway): 

- The initial attempt to simply use the existing multi-browse droplet service with 
the least modification possible; it presented more than simply technical difficulty. 

- We considered whether other existing solutions or interaction design patterns 
would be applicable, especially the Drop-connector, Go-connector and Send-
connector interaction design patterns (Arvola, 2004). 

- A number of ideas and examples for how various services, whether combined, 
reused or new, can be applied to other comparable goals, particularly to build on 
the File&Data service and physical widgets were proposed and discussed. 

7.5 Discussion of results 
To evaluate the developed interaction technique, the technical platform and its significant 
qualities, some working example applications that verifies if the suggested technology 
has been implemented and tested. The results of the technical validations and some 
observations from the deployments of the technical platform, the prototype development 

25:18 25:30

Figure 7.11 To the left we just observed some gestures, as an attempt to use the physical cursors. 
To the right, a few seconds later we are there to help out. 



Pointing, Placing, Touching 

133  

and testing is reviewed and analyzed, concluding some significant properties and 
qualities. The analysis and discussion conclude a number of properties, qualities, 
limitations and arguments relating to the research questions. This discussion of results is 
based on the following experiences and methodological phases of the development and 
explorations of the physical cursors concept:  

- A number of preceding precursor applications alternatively considered as an 
incremental realization of the Physical Cursors interaction technique. In particular 
the iLounge/iSpace, Patcher, Tangible Meeting Manager and the Location aware 
iROS applications, provide examples of such precursors or early phase versions of 
the physical cursors  

- A number of supported technical requirements (properties and qualities) 
summarized in the technical validation 

- The iROS/Teamspot software infrastructure provided a baseline for a number of 
example applications applying physical cursors, for manipulation and interaction 
to the interactive meeting space context. 

- The example applications have been deployed within an interactive meeting space, 
and some observations, opinions, and ideas for improvements and new 
applications have been collected. 

Observations from the usage, maintenance and development of these prototype 
applications and interactive meeting space instances have rendered specifications and 
implementation of the Physical Cursors platform. Several observations also provide 
concrete examples corresponding to the framed research questions. 

7.5.1 RQ1 
How to facilitate identification and manipulation of a physical widget, with the purpose 
of selecting and controlling a particular service?  
As soon as we started to design and build interactive meeting spaces, we came across the 
challenge of controlling and selecting virtual services through their physical 
representation. The experiences from Patcher and Tangible Meeting Manager provide 
examples of ways that digital properties can be physically represented and manipulated, 
with support from a handheld RFID reader. 

The concept of the Physical Cursors interaction technique is to provide versatility 
comparable to that of the mouse pointer but outside or in between multiple computing 
devices in a physical space (e.g. interactive meeting space). Most systems or 
infrastructures consider ID scanners to be stationary, associated with a defined location, 
owner or appliance. Physical Cursors explore an alternative use of ID-based sensors. For 
the Physical Cursors platform, we used handheld, wireless RFID/proximity readers and 
tags. The RFID sensors support fine-grained location or object identification, with a top 
range of 10 cm, as interaction devices. The Physical Cursors platform makes use of tags 
attached to physical objects and devices (physical widgets) to enable identification of 
physical elements and locations. The tags are associated with digital labels, which make 
it possible to select and control particular associated services. The physical appearance of 
the tags can easily be attached to any physical (iconic) representation, or directly onto a 
device mediating the service. 
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The sample applications illustrate how services, or service attributes, can be associated 
with and attached to physical representations, objects or devices. The sample applications 
also provide examples of how physical objects can be associated with digital services, 
based on the platform. In particular, this project demonstrated the use of the following 
technical qualities of the Physical Cursors platform: 

- The platform uses RFID as sensor technique to identify and scan (combinations 
of) physical objects.  

- Any physical object or device can simply be associated with virtual and 
interactive properties by attaching an RFID tag to it. 

- Attaching tags to physical objects and devices makes it possible to identify 
physical elements and locations. 

- Interactions are sensed by identifying related selected objects, that is scanning 
several physical widgets (RFID tags) either concurrently or over time. 

7.5.2 RQ2 
How to control specific complementary combinations of services though the 
manipulation of physical widgets?  
Interactive meeting spaces are not always used with a common shared focus, several 
shared devices and users doing things in parallel. Several activities, devices, applications 
and sensors need to be supported in parallel. Complementary combinations of services 
are particularly relevant in the case of the interactive meeting space, with system software 
that allows users to distribute and decouple the devices and phenomena. For example, an 
editing surface (such as a display, editor, or word processor) is complementary to a 
keyboard, or typing services; similarly, a web browser (http) client service is 
complementary to a (http) web server. This also applies to multi-device direct 
manipulation, or most direct manipulation of distributed (e.g. client-server or peer-to-
peer) systems. 

Collaborative activities do not demand a continual single shared focus all or most of the 
time.  Instead, many activities are parallel and individual; activities such as exchanging, 
sharing and coordination occur occasionally and probably in parallel or in sub-groups. 
Several spots and (partially) matched combinations of labels can be sensed concurrently, 
based on several goals or reasons: 

- The same user, using the same sensor, may want to carry out a particular 
interaction involving the association of several physical widgets (e.g. as shown in 
Figure 7.3). 

- Different sensors may correspond to different activities carried out by different 
users at the same time. 

- Different services may rely on labels associated with a (partially) overlapping set 
of physical widgets. 

- Through accidents, or trial and error, a user may keep a physical widget attached 
to or very close to a sensor even while another activity is carried out. 

- To allow users to detect and trace manipulations concerning parallel and 
concurrent activities, polices were defined that distinguish combinations of 
resolved labels (attributes) matching particular services. The sample applications 



Pointing, Placing, Touching 

135  

support the physical manipulation and combination of physical objects, allowing 
the user to select some function, service or appearance and combine it with 
attributes, such as locations (or a device ID), and other physically represented 
properties. A particular concern is to provide policies that control complementary 
combinations of services and attributes.  

Two cases of complementary combinations of services and attributes were considered: 
communication compliments, e.g., the way a client service communicates with a server 
application, and perceptual complements.  At times, communication protocols and 
services are decoupled from the devices to facilitate the appearance of particular 
phenomena of separate devices distributed in the shared space; this perspective provided 
examples of the way communication could complement the manipulation and control of 
services. For example, an editing application (such as a display, editor, or word 
processor) is complementary to the keyboard events and a web browser (http) client 
service is complementary to a (http) web server. 

The sample applications illustrate how services, or service attributes, can be combined 
through the physical manipulation of physical widgets, and how complementary 
combinations of services and attributes can be identified and defined. In particular, we 
demonstrated the use of several technical qualities of the Physical Cursors platform, 
through implementation, testing, demonstration and use of the sample applications: 

- Direct manipulation is supported by combining devices or objects that represent 
services or resources in the physical space.  

- Several RFID readers can be used in parallel; each reader can detect several 
physical widgets (RFID tags) at once and each physical widget can be associated 
with a number of virtual labels. 

- Interactions are enabled by composing combinations of physical widgets (RFID 
tags) and scanning them explicitly and actively, either the whole composition at 
once, or in a specific temporal order. 

- Each physical widget (RFID tag) is separately associated with a number of labels, 
corresponding to particular service attributes, i.e. commands and parameters 
corresponding to application domain or community conventions. 

- Policies can be defined and added to regulate the specific combination of 
discovered labels corresponding to particular services (application domains or 
community conventions) and their complementary dependencies. 

7.5.3 RQ3 
How to capture, store and recall a preset of services?  
As in graphical user interfaces alternatives or shortcuts are available for those using 
menus for common operation; e.g. they can use double-clicks, macros, or shortcut keys, 
or they can drag or drop icons over other icons or application windows. Similarly, 
commonly used services, or particular external (rarely, directly accessed) services used in 
particular ways, can commonly be combined and become available as one service, 
represented by a singular physical widget.  An example is downloading or uploading 
documents to a particular web server outside the room. 
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In GUIs, users can be provided with alternatives such as shortcuts and macros that make 
common operations easier and quicker. The Physical Cursors platform also includes 
mechanisms that facilitate customization, e.g. combined, reused and new services and 
physical widgets. New services are deployed by providing a new matching policy and 
assigning the corresponding (application domain-specific) labels to RFID tags (as 
physical widgets). Another option is to deploy new services by combining or reusing 
existing services in various ways. The implemented sample applications provide a few 
illustrative examples of different applications based on some basic applications of the 
iROS/Teamspot software infrastructure, but with some labels (attributes) in common. The 
domain-specific application labels reused by the implemented services support the 
identification of the Session Server and Session Client setup for a device; they also 
provide support to identify the local coordination message server (Event Heap) and the 
specific policy URIs. The physical widgets used for authentication are the only 
implemented sample of how we combined the concept of different services for the same 
physical widgets. The shared sensor host authentication actually utilizes two supporting 
services.  The first is the posting presence notification for sensed Session Clients, which 
is combined with the Session Client widgets.  The second authentication service is used 
for the local sensor host authentication that is associated with the authentication widget.  

To keep the process transparent, it is necessary to detect the physical manipulation of the 
authentication widget and the Session Client widgets for both types of authentication. A 
number of examples for the Physical Cursors platform, along with instructions on how to, 
reuse, combine and provide new services and physical widgets, are given below. These 
alternatives exemplify different possibilities or directions for improving, tuning, and 
appropriating the platform, the existing physical widgets and the manipulation.  For 
example, how can the physical widgets be tuned towards performance or requested usage 
rather than procedural physical manipulation and demonstrations? 

- Figure 7.3 shows an example of a keyboard re-direction service. Combining the 
labels associated with the tool card (toolA) with the other labels associated with 
the keyboard (keyboard1) would, by default, associate the keyboard and the re-
direction service and eliminate the need to use both the keyboard service tool-card 
and the keyboard to select the keyboard re-direction service. This corresponds to 
an optimized use (or macro) for the Physical Pointer Redirection Widgets. 

- The Physical File & Data Gateway Widgets could be used on a speaker to provide 
a device for selecting and playing music. To do so will require an instance of the 
MultiBrowse/CrossWarp service dedicated for the speaker. In additional the File 
& Data GW service URI, and a reference to the music piece, would need to be 
associated to a representative physical widget, for example a CD cover. 

- Another example of combining and reusing the Physical File & Data Gateway 
Widgets would be for archiving or publishing files and cutouts onto a blogg, 
website or file server.  It would just require some modifications of the 
multibrowse service, so that it would store, instead of launching, the posted URLs 
in a physical archiving widget.  That widget would combine the File & Data GW 
service URI, with the URL to the particular target server. 

- For example, the Physical File&Data Gateway screen position for the drop-area 
could also be specified by virtual labels, without making major modifications to 
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the matching policy and the implemented application. This would also make it 
possible to identify and select different segments of a screen.  

- In addition to devices, objects and locations existing physically in the 
environment can be considered as services or physical widgets. It would also be 
possible to use objects or devices that are traditionally not physical, by 
introducing and tagging them to any physical object. For example, if we want to 
provide a device that represents letters, the physical widget input device could be 
tags to the bricks of a scribble board game.  

- All the implemented sample applications as well as the other examples of 
combined, reused and new alternatives for the Physical Cursors platform have 
focused on active and explicit interaction. The platform might also be able to 
support more implicit activities, or applications that sense the state or motion of 
existing physical devices in the environment prototypes, or sample applications. 
For example, it could detect if a door is opened or closed. This could be done by 
attaching a reader on the moving part (the door) and tags representing the states of 
the moving part. In the door example, one would sense the tag at the doorpost to 
indicate that the door has been closed. 

The sample applications have indicated how labels applying to a particular application 
domain can be defined, combined and reused by different physical widgets. In addition, a 
number of directions and possibilities for both new and modified, reused, and combined 
physical widgets have been explored. In particular, the following enabling technical 
properties of the Physical Cursors platform have been exemplified; they also provide the 
basis for further exploration of modified or new applications of physical widgets: 

- Each physical widget (RFID tag) is separately associated with a number of labels, 
corresponding to service attributes, i.e. commands and parameters that possibly 
apply to different services (or applications). 

- Several spots and (partially) matching combinations of labels can be sensed 
concurrently, by different services relying on labels associated with a (partially) 
overlapping set of physical widgets. 

- Several labels, representing services or attributes corresponding to different 
matching policies, can be assigned to the same physical widget. This provides a 
unified representation of two or more copies of physical widgets, representing a 
specific instance or combination of services that have been pushed  together 

- New services and policies can be added, by adding new labels to both existing 
and new physical widgets but also by using labels already assigned to existing 
physical widgets. 

- Labels that were originally expected to be associated with different physical 
widgets can also be combined. 

7.5.4 RQ4 
How to maintain and reuse presets, to preserve the prerequisite for a scene, under 
continually changing circumstances?  
We also had problems related to deploying, maintaining and distributing the digital 
relational models, which represent the overall organization of the environment. Some of 
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the system software applications are based on static digital models of the local shared 
physical space, rather than on direct manipulation of physical multi devices, to support 
the control of services running on separate devices. The Location Aware iROS 
applications provide examples of how digital properties or attributes could be assigned 
directly to detected locations, even though the granularity of the wifi location sensor was 
too limited to identify different devices within the same room at a satisfying level of 
accuracy. 

It is important to be consistent, continually overseeing and maintaining the underlying 
models, the common static (absolute, relational or semantic) representation of 
dependencies, and the physical organization of devices in the environment (on each 
device or in a central repository). Because the organization of a physical space changes 
continually, various small events can violate the model of the physical organization: 

- A device is moved and used within a physical space that has a different physical 
organization. 

- A device that is considered permanent in the physical space is moved, added, 
removed or exchanged. 

- A user who has a mobile device moves around, transforming at least the 
perspective of the physical space. 

The Physical Cursors platform provides an alternative to underlying models of the 
internal organization of every device in the shared space. The internal (virtual) models of 
physical devices and services depending on particular other physical devices are kept 
minimal and simple. Instead, the dependencies and relationships between services rely on 
direct manipulation of the space’s spatial and physical properties. This isolates the virtual 
representations for the physical widgets and keeps them independent from the overall 
organization of the space, and of every specific device currently available there. The 
configuration and maintenance of the physical-to-digital associations is distributed to 
individual relations between the separate physical widgets, and to the virtual labels 
individually represented by each (RFID-tagged) physical widget. As is true of the 
physical widgets, several properties can have an impact on this particular approach of 
managing the models of the physical organization:   

- If a device is moved the physical widget attached to it is also moved or may 
simply be abandoned (computationally wasted) like any physical thing that may 
be lying around in the physical  

- A user can manipulate and organize the physical widgets and devices, both 
physically and spatially, also without constant usage of a proximity sensor, that is 
connected to a sensor host (online). This offline manipulation does not continually 
monitor and uphold a digital representation of the organization of the physical 
space. With offline manipulation and interaction a physically and spatial model is 
produced offline.  

- Providing combined physical widgets (macros) that represent a particular instance 
or combination of services (see RQ3) for one physical widget may possibly 
challenge the simplicity of having each physical widget separately associated with 
devices or services.  If any of the devices or services they represent are taken out 
of use these combinations are also computationally wasted. 
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The sample applications illustrate how the physical direct manipulation of physically 
represented services and devices can be applied as an alternative to maintaining the 
underlying virtual models of the organization of the physical space. Three particular 
characteristics of the Physical Cursors platform exemplify how the services physically 
available in the space can be accessed and maintained through direct manipulation: 

- Objects or devices (physical widgets) in the environment are directly selected and 
addressed, identified by an RFID tag attached to them. The user does not need to 
make any assumptions about the physical arrangement of the environment.  
Instead, each object (representation or device) is directly and individually 
manipulated or selected, independent of organizational models such as their 
spatial relation to other devices in the same physical space. 

- The only mapping that is required is an association between the RFID-tagged 
physical widgets and the services, attributes or device they represent. This reduces 
the demand for underlying holistic models of the physical environment and 
facilitates direct manipulation of physical devices and tools as an alternative. 

- The only hardware required to provide computational capabilities to additional 
objects, devices or locations is to associate an auto-ID (RFID tag) with it. This 
makes Physical Cursors a cheap and realizable approach for directly manipulating 
multi-devices.  

7.5.5 RQ5 
How to design the manipulation of physical widgets to enable a social protocol for 
coordination as an alternative to (invisible) individual manipulation? 
For people collaborating in physical spaces, hands-on manipulation and gestures form an 
essential element of the social coordination, even for activities that are mainly concerned 
with digital media. Most desktop and GUI applications are designed to support individual 
(invisible) control and communication without further involving the visible and offline 
properties of shared physical space as a social protocol. The experiences in using Patcher 
and Tangible Meeting Manager provide examples of how the manipulation of digital 
media (and properties) can be made physically visible. 

Physical objects can be organized in a persistent way, whether spatially, on the fly or 
physically; for example, users may prefer having an overview or the ability to reach the 
objects.  They may also manipulate or play with them without prior knowledge or any 
intended goal. This not only supports efficient manipulation, but can also encourage 
exploration and “trial and error experimenting” with the physical objects (Sharlin et al., 
2004, Klemmer et al., 2006). 

In our regular social and physical interactions, we might point towards different things, or 
manipulate or move various physical objects in the environment. In doing so, we do not 
expect things to happen implicitly or accidentally unless we explicitly or actively do 
something more, such as holding a remote control and pushing a button, or ask someone 
to help us out with our intentions. In some cases, we might end up with a changed or 
negotiated plan of action and continue with it. In such situations we prefer explicit 
(Abowd et al., 2002) selection and interaction with physical objects and representations 
rather than implicit tracing of motions, and applications that act proactively. 
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Table 7.6 Examples of expected accounts enacted as users physically and visibly manipulate the 
physical widgets corresponding to the developed sample applications for the physical cursors. 

These social and spatial enactments and manipulations occur in the physical setting, but 
the sensors need not recognize them; nor must they be digitally executed, either implicitly 
or proactively. The sample of the implemented physical widget applications provides 
alternative, physical and visible manipulation mechanisms to the iROS/Teamspot system 
software applications. The implemented sample applications illustrate how it is possible 
to provide visibility, awareness, and accountability, which (Erickson & Kellogg, 2000) 
call social translucence, to negotiate and socially coordinate the control of shared digital 
resources and service. Table 7.6 shows the considered accounts (Dourish, 2001) for the 
iROS/Teamspot applications, in relation to the corresponding physical widget examples. 

The sample applications illustrate how it is possible to provide visible and offline 
properties of shared physical space, such as hands-on manipulation and gestures for 
activities concerned with digital media and interaction, based on the Physical Cursors 
platform. In particular, three qualities of the Physical Cursors platform enable the visible 
and physical manipulation and account for the intended interaction within an interactive 
meeting space: 

- The reading range of the handheld wireless RFID readers provides a granularity, 
making it possible to identify physical widgets by touching or holding the RFID 
reader in the proximity of the manipulated or combined physical widgets.  

- The physical and explicit interactions carried out by touching physical widgets 
with the handheld wireless RFID readers enable a visible protocol for 
coordinating computer-based activities within a socially shared physical space. 

- The physical manipulations can be used as enactments or as proposing activities; 
the considered actions can be negotiated and possibly either change direction or 
be abandoned before they are selected and launched. 

- A user can manipulate and organize the physical widgets and devices, both 
physically and spatially, also without constant usage of a proximity sensor, that is 
connected to a sensor host (online). Also, the offline manipulation also 
communicates intention to the co-worker, and is part of the preparation of an 
online interaction. 

Account, Social protocol and functionality Service Physical Widget 
(Here – do you/we want to) view this document, on 
your personal/this shared screen? 

CrossWarp File & Data Gateway 

(Can) I overwrite the content of (all) your (the 
shared) copy-paste buffers? 

CrossPaste File & Data Gateway 

(Can) I take control or interrupt (with my mouse 
and keyboard) on this shared display right now? 

PointRight Pointer Redirection 

(Is it ok if) I connect my computer to this 
interactive work session? 

Authentication Authentication 
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Chapter 8 Resulting principles and concluding 
remarks 

The technical solutions and prototype systems described in chapters Chapter 5 through 
Chapter 7 strive towards a number of diverse goals. A direct goal is to provide and 
deploy an application or solution to particular problems or observations from the 
interactive meeting space. On the other hand, often these environments are unique 
combinations of specialized technical solutions, where both the observed problems and 
their solutions are difficult to transfer or reproduce directly to comparable settings 
(instances of interactive meeting spaces). From that perspective, we also want to describe 
the prototype systems, and make it possible to implement them, in ways that apply to 
other comparable situations or problems. The three previous chapters described the 
design and implementation of three interaction techniques for interactive meeting spaces. 
The design of these three interaction techniques have been described and examined 
individually in respect to the research questions (section 2.4), originating from the 
parallel design and deployment of interactive meeting spaces. To conclude, in this 
chapter, we provide an analysis of the designed interaction techniques, relating them both 
to the design of interactive meeting spaces and to each other.  

 
In this chapter, we tie together the different design processes, provide an analysis, and 
propose a number of principles applying to the design of tangible interaction and living 
laboratory deployments. The investigation presented in this chapter proposes and presents 
a number of principles for applying physical manipulation within interactive meeting 
spaces. This investigation is based on experiences in deploying, using, and maintaining 
interactive meeting spaces, as well as designing and developing three physical 
manipulation techniques for interactive meeting spaces. Figure 8.1 illustrates how the 
designs of interactive meeting spaces both locally and at other sites have developed and 

Figure 8.1 Illustration of how the parallel and iterative development and use of interactive
meeting spaces (both locally and at other sites) have influenced the development of physical
interaction techniques and evolving principles of physical interaction in interactive meeting
spaces. Easier 



Chapter 8 Resulting principles and concluding remarks 

142 

influenced the design of the series of interaction techniques presented in Chapter 5 
through Chapter 7. The local maintenance and development of interactive meeting spaces 
has occurred iteratively, through a process of supporting and deploying solutions to 
problems appearing during use of the spaces, but also while deploying and upgrading 
components and solutions from other interactive meeting spaces. 

Through the analysis, we highlight a number of perspectives and principles for research 
and development of interactive meeting spaces and related applications of tangible 
interaction. Below we summarize the investigations that were part of the overall design 
process. Together with the three interaction techniques described in chapters 5 through 7, 
items 3 and 5 below are also listed as overall contributions of this work. 

1. A summary describing and relating the separate but overlapping design processes for 
interactive meeting spaces and interaction techniques, highlighting a number of 
design decisions and ways that the different design processes have influenced each 
other. 

2. An investigation of the major purposes of deploying  interactive meeting spaces (a 
research facility and a team resource facility) and the corresponding impacts and 
tensions between different perspectives and goals.  

3. An analysis of studies and use, particularly with perspective on observation methods 
for long-term, day-to-day use of living laboratories and interactive meeting spaces 
(methodological contribution).   

4. Introduction and analysis of a repertoire (Schön, 1983) of prospective principles for 
physical manipulation applying to interactive meeting spaces, in respect to both the 
physical manipulation, and applications for physical manipulation. 

5. A tentative pattern language and a single unique design pattern example, 
corresponding to one of the prospective design patterns for applying physical 
manipulation to interactive meeting spaces.  

The investigations are divided in three sections, one corresponding to interconnected 
design processes (section 8.1, corresponding to items 1 through 3). The overview and 
reflection on the research process provides a contribution as a methodological example of 
making observations and design from a practice, particularly one based on technical 
maintenance and technology-in-use. The investigation of various perspectives and 
ambitions also outlines some implications for the design of technical solutions in future 
interactive meeting spaces, and ways they can support the issues of collaboration and 
visible physical interaction targeted in this work.  

A second section  (section 8.2, corresponding to item 4) introduces a repertoire of 
tentative principles of physical manipulation for interactive meeting spaces and reflects 
on these principles of physical manipulations to the themes and perspectives given in the 
Tangible Interaction Framework (Hornecker & Buur, 2006). In a third section (0 
corresponding to item 5) we provide some background on design patterns, outline a 
tentative pattern language for physical manipulation in interactive meeting spaces, and as 
an example develops one of these tentative design patterns. 
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8.1 Perspectives and design processes 
A number of observations and design decisions based on the development of interactive 
meeting spaces, supporting components and principles, and the series of interaction 
techniques have developed and influenced each other. The interactive meeting spaces 
were designed as a living laboratory (Abowd et al., 2000) that would serve two major 
purposes: 

- It would serve as a research facility, supporting the study of three questions:  
o how the deployed technology influences and supports collaboration and 

teamwork,  
o how to provide an environment and applications to support the 

productivity of design teams, and  
o how to meet upcoming technical challenges and provide improved 

technical solutions for future generations of interactive meeting spaces 
- It would also serve as a resource facility for those on work teams, particularly for 

meetings and work within design, research and student projects. 

Throughout the period of this study, a number of different user groups have been 
populating the interactive meeting space. A technology baseline was established, making 
the space easier to use, and instructions were developed. This allowed separate projects to 
use the environment independently, without needing instantly available technical support. 
For several reasons, including diminishing time and resources, and the presence of other 
activities and development, routine maintenance and introductory tutorials about the 
environment have decreased since spring 2006. In summary, five different types of 
collaborative activities and studies have been proposed and carried out for and in our 
interactive meeting space: 

Design-team studies: graphic design, web design, collaborative programming, 
construction design (e.g. CAD & sketching) 

Project-team studies: meetings, collaborative writing, information searches, 
videoconferences 

Teaching support studies: lectures, course assignments (e.g. experiments, design projects 
or problem solving) 

Controlled studies: training, experimental tasks, usage scenarios, demonstrations 

Internal, analytical or technical studies: video analysis, technical experiments, 
performance tests, troubleshooting, repair and maintenance 

Section 8.1.1 below, and Table C.1through Table C.5 in Appendix C provides a summary 
of the design decisions and principles for physical and visible manipulation developed 
throughout the series of interaction techniques. The summary relates the interaction 
techniques to each other and to the research questions, observations and deployments 
within interactive meeting spaces. The three first concepts of manipulation (pointing, 
placing and touching) correspond directly to the interaction techniques developed, while 
the last (offline spatiality) provides a perspective on the kind of physical manipulation 
that would be desirable to monitor and represent digitally; therefore this discussion  
combines perspectives based on the concepts of placing and touching. The summary of 
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design decisions below is followed by an overview of the goals, activities and insights, 
corresponding to the two major and separate purposes of the interactive meeting spaces 
(described in section 8.1.2 and 8.1.3). These overviews conclude with a reflection on 
observations and data collection corresponding to this division of ambitions and 
perspectives (in section 8.1.4). 

8.1.1 Design decisions 
Observations, limitations and reflections on this use of interactive meeting spaces 
resulted in the research questions (design problems) framed in section 2.4 and influenced 
the series of physical interaction techniques designed for use in interactive meeting 
spaces. The summary below draws on several of the study’s observations and design 
decisions, as the basis for an analysis that will refine some principles of physical 
manipulation for interactive meeting spaces. For each principle of manipulation, a short 
summary and overview of the principle’s central properties, that shows how it relates to 
the interaction techniques described in Chapter 5 through Chapter 7 is provided. In 
addition, Appendix C contains tables demonstrating the sequence of design phases and 
decisions, for both the interactive meeting spaces and the interaction techniques, and 
shows both their interior and sequential relationships to each other. 

Many design decisions were made during the process of developing the interaction 
techniques for physical manipulation (Chapter 5 through Chapter 7). Some of these 
decisions related directly to the research questions (framed out of the experience of 
maintaining and using the interactive meeting spaces). Additional design decisions were 
based on material concerns and properties. The design of the interaction techniques was 
sequential (with smaller overlap and continued maintenance and refinements). 
Reflections and knowledge gathered during the earlier designs were carried forward to 
the next iteration or interaction technique being developed. A common principle 
throughout the sequence of physical manipulation techniques has been the visibility of the 
physical manipulation. The point is to communicate activities and intentions socially, and 
not only provide a technique to control and communicate with the digital services.  

Table C.1, in Appendix C, gives an overview of the observations and design decisions 
that occurred during the development of the iLounge and local interactive meeting spaces. 
Problems and observations from the local interactive meeting space deployment, along 
with indirect observations at the Stanford interactive meeting space site, helped drive that 
development, resulting in improved and upgraded software infrastructure. The table of 
observations and design decisions gives an overview of the design and use of the iLounge, 
but also provides a background for five categories of interaction support and five possible 
categories of applications of physical manipulation in such spaces. A more extensive 
description of the design and the deployments is provided in section 4.1.2. 

Table C.2, in Appendix C summarizes the design process and decisions that resulted in 
the Pointing interaction concept. The initial design emerged from some early designs and 
experiments with interactive meeting spaces. Initially, a major goal was to discover and 
select local and physically represented services. The pointing concept and the iwand core 
idea combined into an expressively selective universal remote control platform. A 
number of similar platforms and interaction techniques were also explored and developed 
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by others, based on discrete sensors for capturing laser beams (Beigl, 1999, Ma & 
Paradiso, 2002, Ringwald, 2002). Yet others  developed camera-based versions, 
including some large, single-screen applications (Olsen & Nielsen, 2001, Myers et al., 
2002), as well as room-based multi-device systems, e.g. (Wilson & Shafer, 2003). Table 
8.1 contains an analysis of the Pointing conceptual design in terms of the tangible 
interaction framework, in comparison to other concepts of physical manipulation. 

Table C.3, in Appendix C, summarizes the design process and decisions that resulted in 
the Placing interaction concept. The entire design was purposely carried out within 
iLounge, in order to resolve issues involved in getting the environment up and running 
with a configuration that would support various activities and to turn the room off 
smoothly. The idea behind the bowl was developed to provide a user interface that could 
support a simple and configurable but stateful user interface to turn on and off the 
different configurations in the space. One example of a comparable technical solution are 
the mediaBlock slots  (Ullmer et al., 1998). 

Table C.4, in Appendix C, summarizes the design process and decisions resulting in the 
touching interaction concept. This concept was developed as a continuation of the 
pointing concept and the moving and translation application concept (Spell). It seemed to 
hold more potential as a research direction than further developing the custom-designed 
line-of-sight, laser tags. Other researchers have developed tangible user interface 
applications and ubiquitous computing systems based on RFID, e.g. (Want et al., 1999, 
Rekimoto et al., 2001). A significant characteristic of the Physical Cursors and the 
touching solution is the way devices and services are identified and combined, once they 
are given some physical representation. Other systems (e.g. (Want et al., 1999)) have a 
reader associated with a particular device, and able to identify mobile devices, or 
representations of services or data. In this application, however, each device, or physical 
representation of a service or data, is represented by electronic tag. The handheld readers 
are used freely to identify combinations of tags that are scanned either concurrently or 
sequentially. 

Table C.5, in Appendix C, summarizes the evolution of the Offline spatiality concept, 
which developed particularly out of the Touching concept but also in contrast to the 
Placing concept. The development of the Offline spatiality concept does not apply 
directly to the development of the described interaction techniques described within 
Chapter 5 through Chapter 7. Instead, it evolved out of the deployment, testing and 
reflections of several applications, particularly the Physical cursors and the Patcher 
application (Fernaeus, 2007). Also, in contrast to the Placing concept and the MCRpd 
(Ullmer & Ishii, 2000) tangible user interfaces have a particular property: they must be 
maintained in a digital state and it must be embodied physically. Within the basic 
Touching concept, demo applications the principle of direct selection, is addressed by 
having the tag within the basic demo applications of the Touching concept representing a 
particular appliance directly attached to it. Within the Offline spatiality concept, we 
focused on developing the ability to freely organize or physically customize both the 
representations of various appliances and the physical representations of digital services 
and properties, independently of their digital representations and associations. 
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8.1.2 Research facility: Perspectives, projects and studies 
In its role as a research facility, the interactive meeting space primarily serves as a 
teamwork studio, where it is possible to study teamwork in design teams, from at least 
four perspectives:  

Understand collaborative activity and organization: Study, analyze, and understand 
collaborative activities and the use of available technology. 

Support productivity of design teams: Study what constitutes a productive design team 
studio, with a satisfying physical arrangement and supporting technology. 

Design promising systems and technology: Study and design promising and innovative 
systems and technology to support collaboration and productive teamwork. 

Support remote collaboration and communication: Study, understand, support and 
provide systems to support collaboration and teamwork, remotely distributed over several 
sites. 

The study of these different perspectives applies to the analysis and observations of 
sessions corresponding to the different categories of collaborative activity carried out in 
the interactive meeting space. To support these different types of studies the room has to 
be prepared and equipped differently, not only in respect to a particular collaborative 
activity, but particularly to support significant data collection that will satisfy the 
different perspectives being studied. The list below presents some examples of gaps, 
tensions and conflicts that researchers must bear in mind in respect to different activities 
and study setups. 

- One might use the same video equipment to record a local collaborative activity 
and to record remote collaboration and communication. 

- Many of the technologies and prototype systems being explored do not provide 
enough robust and carefully customized features to be possible to use efficiently 
for the activity of an actual project team. 

- Preparation, setup, maintenance and system upgrades involve a number of design 
aspects and technology evaluation, most of which are also carried out 
collaboratively with the design teams. Sometimes different components, used in 
parallel but supporting each other if needed, can meet the requirements for a 
particular study. These sessions are seldom documented with rigor. 

- Providing continuity for various activities, as well as actual studies, places 
different demands on the environment’s setup, and the configuration of equipment.  
Examples are camera placement, and the configuration and monitoring of 
applications and infrastructure.  Do users want the debug and test mode or do they 
want to work as quickly and smoothly as possible?  Moreover, different physical 
arrangement of devices, materials, and displays are dedicated to particular 
applications. How can different recurrent activities within the environment be 
supported without destroying or conflicting with other recurrent activities? 

To exemplify the different perspectives of study for the interactive meeting spaces some 
research projects that have accommodated our interactive meeting spaces and influenced 
their development are described briefly, and positioned in relation to the listed 
perspectives of study (Figure 8.2). Then a number of studies and theses, resulting form 
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the work with interactive meeting spaces are listed and positioned in respect to the listed 
perspectives. This work has emphasized co-located issues of interactive meeting spaces, 
on which the non-remote collaborations perspectives have been focused. 

FEEL (Focused Efficient and Enjoyable Local activities, founded by European Union), 
KTH (DSV), SICS (Swedish Institute of Computer Science), and University of 
Southampton. “The main objective of the project is to deal with the problem of the 
intrusiveness of today's mobile technology and how work in local environments can be 
enhanced by introducing the idea of non-intrusive services realized partly by 
disappearing computer environments. […] Design appropriate disappearing computer 
environments—design mechanisms by which multiple services simultaneously can share 
and effectively use the disappearing computer environment—establish a software 
platform, which handles software components on small artifacts transparently and 
manages open sets of services.  Making usability studies for the disappearing computer 
environments.” 1  

FASADE 2  (Facilitator for Social Activities in Dynamic Environments, founded by 
Vinnova), KTH (DSV), provides proactive services and (formal) face-to-face meeting 
support, and investigates how pro-active devices and services influence social processes 
in a meeting. Although this project has not been well supported in terms of co-workers 
and goals, and results and other information are hard to find, the perspectives from the 
project have been influential in the development and use of iLounge. 

DEKAL (Shared Representations and Collaborative Learning of Interaction Design, 
founded by VR), KTH (DSV & NADA departments): “The project aims to investigate 
how interactive artifacts can be used to support and strengthen shared use of 
representations in learning of interaction design.”3 

ISPACES (Interactive workspaces, founded by WGLN (Wallenberg Global learning 
Network)) at Stanford University (CS & CDR departments) and at KTH (DSV, TS-
Lab/IMIT and Mediateknik (media technology) departments). “The iSpaces project has 
created seamless interactive environments that have enriched learning in classrooms, and 
facilitated collaboration in meeting rooms, project spaces, and impromptu collaboration 
spaces.”4 

1 http://www.feelproject.com  
2 Vinova,  project number 22457-1 
3 http://www.dsv.su.se/~robban/Research/Current_research/DeKaL/dekal.html, 
http://vrproj.vr.se/detail.asp?isndeid=19938,  
4 http://www.wgln.org/symposium_program.pdf  
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The list below describes four thesis projects carried out in relation to the described 
perspectives of interactive meeting spaces; these are pinpointed in Figure 8.2. We focus 
here is on the works that have been most influential for our local design and deployment 
of interactive meeting spaces; much of the text in these descriptions is cited directly from 
these works. 

a. (Sundholm, 2007). This dissertation investigated both distributed and co-located 
collaboration in interactive meeting spaces. Among the studies carried out in iLounge, 
a particular focus was placed on the co-located perspectives. This thesis is about 
collaborative activities in interactive spaces, which have large, shared, displays in 
combination with private displays and software tools that facilitate a fluent sharing of 
information between people and their resources. The aim is to understand the 
collaborative activities in interactive meeting spaces: how are team members allowed 
to contribute to the overall work? What influence do the physical qualities of space 
have on the collaboration? The research questions focus on the ways team members 
come to contribute to the work, how roles and functions are handled during 
collaboration, and how the physical qualities of the space influence the collaborative 
activities. To investigate these issues two empirical studies were conducted. The first 
study focused on two student teams that carried out conceptual design activities. The 
second study focused on geographically distributed meetings of an international 
research network. Data was mainly collected using video recordings, observations 
and questionnaires; the analyses are primarily based on detailed investigations of 
video recordings. The results of the first study showed that the large, touch-sensitive 
displays made it possible for the team members to interact and contribute to the work 

Figure 8.2 Illustrates the perspectives and tensions involved in
designing, maintaining and using an interactive meeting space. This
work (and the illustration) particularly emphasizes the co-located 
aspects of collaborative activities. 



Pointing, Placing, Touching 

149  

in several ways, which led to more equalized roles. It was further found that the 
physical and the social space were intertwined: they appeared as spaces within spaces. 
Also, in a concrete sense, the team members were constructing spaces within spaces: 
they created their own spaces in the common space and they often made transitions 
between shared and private, focal and peripheral work. 

b. (Croné, 2006). This licentiate thesis investigated how synchronous, co-located 
teamwork is supported in interactive meeting spaces. The author argues that the 
strength of this kind of computer-support for cooperative work (CSCW) is that it 
supports the coordination of work instead of supporting specific work activities. 
Collaborative work is complex and there is a dynamic shifting between collaborative 
and individual work activities. In an interactive meeting space, people can work 
collaboratively using the same single-user tools that they use for their everyday 
individual work activities. This thesis includes three user studies of synchronous co-
located collaborative work in three different prototype interactive workspaces.  

c. (Johanson, 2003). This dissertation, from a participant in the Stanford partner of the 
iSpaces project, describes and develops the system software infrastructure used for 
the deployed interactive meeting spaces. The support applications developed in the 
study focus mainly on co-located collaboration. The common mode of user 
interaction with a computer involves a single person using a mouse and keyboard in 
front of a single display. With the proliferation of mobile devices and the ability to 
embed large touch screens in workrooms, a new type of human-computer interaction 
involving multiple machines and multiple people becomes possible. This research 
looks at the case of ubiquitous computing rooms, or interactive meeting spaces. The 
nature of interaction in such a space will be with collections (or ensembles) of 
applications, but to date there is no clear model of how these applications should 
coordinate with one another at the application level. This dissertation addresses the 
need for a well-suited middleware infrastructure for application coordination in 
interactive workspaces.  

d. Pointing-Placing-Touching (Mattsson, 2007), this dissertation particularly emphasizes 
interaction techniques for physical manipulation, and applications applying to co-
located collaboration within interactive meeting spaces. 

8.1.3 Team resource facility: Goals, activities, and availability 
About 400 booked sessions have occurred in the iLounge, along with about that many 
non-booked sessions, involving a variety of studies and team activities in interactive 
meeting spaces. Over the past four years, however, the uses of the deployed interactive 
meeting spaces have mostly been sporadic. The list below categorizes various activities, 
and their participants, including their demands for technology support and some 
characteristic activities. 

Research & thesis project: The use of technical resources is often biased towards face-
to-face project (talk) meetings, with some usage of the large displays for searching out 
and sharing information. Occasionally collaborative writing and video conferences have 
been carried out successfully without onsite support. 
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Student projects: The environment may be used independently for course and group-
work assignments, typically those involving design work or problem solving.  Examples 
are graphic/web design, collaborative/pair programming, construction design (including 
modeling, CAD, and sketching), experiments or problem-solving assignments, and data 
collection. 

User experiments: These are predefined or prepared activities (controlled experiments), 
that place high demands on working and supported technology and allow limited 
opportunity for improvisation in case of failure. 

Introductions: Informal demonstrations involving active participants occur before the 
individual research or student project activities. They commonly involve the installation, 
configuration and testing of client software and system components on personal 
computers, and thus require intense and active technical support, or even manual off-
stage control (i.e. the Wizard of Oz). 

Internal projects: These use much of the technology in frequently unfocused project 
work that proceeds in parallel with explorations of technical features, possible 
improvements and solutions to various experienced problems. These require detailed 
technical instructions and apply to the design and testing of systems, like the Pointing, 
Placing, Touching systems, and many of the deployment and maintenance activities of 
iLounge, some MA thesis projects and the Location-aware iROS course projects. 

Demonstrations: These use much of the technology, but it is tested, prepared and used in 
a controlled way, and is constantly and immediately supported. Most demo participants 
are not involved with the technology, but they ask questions about various functions and 
technical solutions. Some demonstrations have also been more like the introductions or 
prototyping workshops, as participants have explored, played around and collected 
feedback on some prototypical system or component. 

The experiences of maintaining, supporting and using the interactive meeting spaces 
made it possible to identify a number of motives that played a part in limiting the 
availability and use of the interactive meeting spaces:  

Location and access: The space hosts a lot of removable technology and its location is 
detached from the offices and work area of responsible personnel, so the environment had 
to be watched and the access limited. Daily and spontaneous use, including research 
projects, student projects, technical experiments, projects and maintenance were rare. 

Support resources: Most of the time and resources for maintenance and support can be 
either categorized as an overhead within a technical design project or as emergency-
driven appearance by technical personnel persuaded by individuals in a project using the 
room. Some minimal effort has been put into detailed introductions that would allow 
others to handle potential technical problems. 

Practice, training and exposure: The interactive meeting space targets new practices 
with a more intense use of computer tools within meetings. To establish new practices, 
the software must be introduced and made easily available. Advances in using the tools 
must be published and must be significant enough to motivate others to install the tools 
and learn to use them. Although the tools have been improved over time, others have not 
had enough active exposure to them. 
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Significant activities: In studying interactive meeting spaces, our emphasis has been on 
the observation and analysis of un-controlled work sessions in which researchers, 
designers and students carry out their regular group work. These activities often support 
the identification of demands or implications for systems, supporting or solving both 
technical and usability struggles, such as how to frame design problems (RQ1-RQ5). To 
evaluate the use and impact of a particular application or interaction technique in a 
practical and realistic way, the research must carefully select the activity, which will 
significantly and frequently demand the use of that particular system.  This issue was also 
pointed out in respect to “Evaluation in Context” by (Schmidt, 2002). 

Acceptance and robustness: For activities where regular group work is carried out un-
controlled, the regular activity is kept in focus. The group members make only minimal 
efforts to solve technical problems; instead, they improvise and fall back on alternative 
and familiar approaches. To simplify their efforts they sometimes apply hacks, such as 
batch solving several familiar and reappearing issues (i.e. restarting services and devices, 
both nightly and by launching a single script). In any case, unforeseen situations that 
require unique solutions occur frequently. 

Maintenance, customization and flexibility: Most of the studies on design teams, project 
teams and teaching support that have used interactive meeting spaces realize later that a 
less intensive interactive meeting space would have been enough to support a team that 
aimed to collaborate, smoothly sharing, and contributing to a common goal. The 
substantial utilization of additional displays and modalities occurs mostly during 
customized activities and applications and peripheral interaction (e.g. temporal storage, 
notes, reminders, contextual information, system status and feedback or ambient 
displays). Except for a few temporary lightweight (Teamspace) deployments (Croné, 
2006) has iLounge been our mostly used and maintained interactive meeting space with a 
fairly fixed default setup:  a number of shared displays, with some uniform basic software 
installed. In addition, the client software for personal devices, and installation instructions, 
must be customized for different deployments and activities, and made simple enough to 
be accepted and used.  

Continuity, time, sessions, startup and recovery: Within periods of more intense use, the 
interactive meeting space has been a scarce resource, used by several projects and studies 
in parallel. During these periods, it has been problematic to get, and keep the room in the 
condition expected and required for the particular activity. Working documents, custom 
software applications, and light configurations are often changed between one work 
session and the next (and are in principle, solved by using the bowl). The major problems 
have involved system software upgrades and configurations, hardware setups, and the 
alignment and placement of the cameras used for documentation.    

Comfort – air, temperature, light, seats and ergonomics: The iLounge is equipped more 
as a cozy living room or lounge than as an office or project space. For longer work 
sessions, some issues of comfort have also been apparent. The substantial number of 
computers in the room may raise the temperature, while the closing of both cloth and 
screen walls may affect the ventilation, and the limited daylight sometimes tires users. 
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8.1.4 Maintenance as an observation method 
Among a number of interactive meeting spaces, iLounge has been the most complex and 
permanent. The interactive meeting spaces have been operating as living laboratories for 
over four years. Living laboratories are inhabited by the researchers who have designed 
them, but also independently by students and other research groups. For some of the 
studies conducted in the iLounge, the data collection and analysis have been structured 
and well planned. Most of the significant team activities studied within the research 
projects have been of a character much like the regular use of the space as a teamwork 
resource facility. But, the planned observations and structured data collection have been 
quite limited and held within many of the independent uses of the space as a team 
resource (i.e. for design, project, and teaching), and as a research facility (i.e. for 
controlled studies, demonstrations, and analytical or technical investigations, carried out 
by researchers, students and technicians). Several explanations can be offered for the 
frequently unstructured data collection: 

- Divisions in perspectives or insights may have distinguished the more planned 
user studies from the regular teamwork, demonstrations, maintenance, and 
analytical and technical studies.  

- The users of the spaces have little practical reason or incentive to continually 
document their experiences, and to log and collect data, comments and attitudes.   

- Observation equipment and video equipment have not been permanent and 
properly installed, and they need to be manually set up and checked for each 
particular activity or study. 

- Even if data, comments, or videotapes were collected continually, the data would 
soon be overwhelming and probably not reviewed. 

- Resources are not sufficient to continually support users and come up with 
suitable and immediate solutions to the many issues that arise, and to regularly 
ask for and document feedback on both the issues and what worked well. 

Most observations and developments addressed in this thesis, however, were made in 
direct response to problems or situations of need. Simply being part of the practice of 
maintaining, customizing and supporting the use of the environment has been a method 
for observing of upcoming situations and activities. Upcoming needs have been met as 
well as the time, knowledge and available materials allowed. In many cases, the emerging 
needs have been addressed as new materials and versions became available, capable of 
providing better or more easily managed solutions. Some solutions were also applied to 
allow customizations or to more easily respond to recurring problems. These efforts at 
support or maintenance were based on participation and reflection, comments, requested 
support, or special needs. Most of these observations address actions that were taken and 
reflected upon as the situation arose.  

As a tool to recreate and describe the overall design process and development of the 
interactive meeting spaces, we have collected and revised information from several 
sources: booked sessions using the room, internal mailing lists, dated instructions and 
publications, and reports on relevant studies and projects. The overall process of 
designing, maintaining and developing the interactive meeting space has continued for 
over four years. A summary of activities, development and design decision is given in 
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Appendix C, Table C.1. The summary is based on a review of over 400 sessions booked 
in the room’s booking system between April 2002 and June 2006.1 The booking system 
has mostly been used for strictly planned activities, especially during periods when the 
facility was being used intensively. The review of the booking list has been correlated 
with the documents mentioned above, to aid in reviewing the design decisions and 
concrete observations throughout the development period. 

In summary, the observations depend on the following repertoire of data collection and 
observation methods, which corresponds to the overall living laboratory study of the 
interactive meeting spaces. 

Video (transcripts) and field-notes: These apply to targeted and planned studies. 

Participatory reflections: These are mostly instruction sessions, internal projects and 
demonstrations. 

Log-files: These were used particularly during technical investigations of performances, 
but were also useful for the review and analysis of the room-booking list. 

Questionnaires, interviews and comments: Questionnaires or interviews were conducted 
in some semi-planned studies, or when student teams were encouraged to use the 
environment; some comments were collected during demo sessions. 

Support requests and efforts: These were collected and analyzed with respect to the time 
and amount of persuasion put in by team members, within many types of sessions. 

Materials and technical investigations: These apply to maintenance, internal projects, 
and technical student and course assignments.  

Maintenance and system upgrades: These have also been a source for observing 
limitations and identifying different versions and design decisions throughout 
development of the interactive meeting spaces. 

From the longer perspective of deploying an interactive meeting space, every activity 
potentially belongs in a study. Researchers who aim to analyze the activities over a 
period of several years encounter several problems with automatic and continual data 
collection in the form of video, photo snapshots, or machine logs. How can they 
document, collect and analyze the experience of the development? What is practical to 
collect and store? What can be made available as a baseline for analysis? What can be 
reconstructed, to revisit the overall period and process? 

Based on the overall process of designing, deploying and maintaining interactive meeting 
spaces, documented through the sequence of observations, it is possible to describe a 
number of perspectives on the tensions and factors limiting the availability of a deployed 
interactive meeting space. The perspectives, goals and resources have shifted, depending 
on the influences and demands of different projects and studies working with the spaces. 
The analysis of the various perspectives and tensions, provided in this section, is based on 
the period of use and deployment. Several constraints, documents, and approaches have 
provided a baseline for the analysis of this overall design process: 

 

1 http://people.dsv.su.se/~johanm/thesis/iLounge.xls  
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- The documentation addressing the spaces from a long-term perspective has been 
limited. 

- In many cases the support, customizations and solutions that were requested for 
various problems have been deployed but not well documented. 

- Various problems in both the hardware and software, and the software 
configuration were observed and addressed, based on introductory sessions, 
demos, explicit support requests, and during maintenance and upgrades.  

In conclusion, it has been possible to retrieve a sequence of the versions, activities, and 
observations, by revisiting and analyzing the booking list, the mailing list and documents 
introducing and guiding the users of the environment, from various dated versions of the 
room. 

8.2 Analysis and synthesis 
The contributions described in this thesis have focused primarily on technical and 
tangible user interface solutions to support the specific problem of managing the 
coordination and setup for the use of interactive meeting spaces. 

The implemented artifacts described in this thesis represent a number of interaction 
techniques. In addition to the technical designs and implemented sample applications, the 
artifacts also correspond to a broader range of applications and solutions to problems on a 
conceptual level. Section 8.1.1 contains an overview of some emerging principles of 
physical manipulation, based on the design of the interaction techniques described in 
Chapter 5 through Chapter 7. In this section, the aim is to synthesize these principles and 
the experience gained from the implementation in order to outline some principles for 
applying physical manipulation tools in interactive meeting spaces.  

The technical design and development of the interaction techniques addressed the 
problem areas involved in selecting, setting up, and manipulating multi-devices. These 
problem areas were approached through physical interaction, to make the interaction in 
interactive meeting spaces visible and socially coordinated. Each of the interaction 
techniques was evaluated based on reflection around five research questions that were 
developed through analysis of the problem areas; they are based on problems and 
observations made during the design and use of interactive meeting spaces. 

The Tangible Interaction Framework (Hornecker & Buur, 2006) describes a number of 
themes that address tangible interaction. The framework addresses the isolated 
manipulation and interaction with a particular tangible user interface, but also the overall 
physical interaction within a room. The themes and concepts of the tangible interaction 
framework overlap somewhat with the problem areas and the research questions 
addressed earlier in this thesis. The tangible interaction framework has been used as a 
baseline for analyzing and comparing the properties of manipulation elaborated 
throughout the design of the interaction techniques. That framework for tangible 
interaction emphasizes physical interaction and social space—which makes the 
framework particularly relevant for analyzing and reflecting on physical manipulation 
techniques, as they apply to the social coordination of collaborative computation within a 
physically shared interactive meeting space.  
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The tangible interaction framework provides five themes for analyzing, designing, and 
reflecting on tangible interaction. The framework combines several theoretical 
perspectives on tangible interaction: the Data-centered view, e.g. (Ishii & Ullmer, 1997), 
the Expressive-Movement-centered view (Jensen et al., 2005) and a Space-centered view 
(Bongers, 2002). The framework consists of four themes, and each theme is elaborated 
through a number of concepts that describe the interaction. The lists below summarize 
these themes and cite the descriptions of each concept of the framework: 

Tangible Manipulation (TM) refers to the distinct tactile qualities and physically 
manipulated material. 

- Haptic Direct Manipulation: Can users grab, feel and move ‘the important 
elements’? 

- Lightweight Interaction: Can users proceed in small, experimental steps? Is there 
rapid feedback during interacting? 

- Isomorphic Effects: How easy is it to understand the relation between actions and 
their effects? Does the system provide powerful representations that transform the 
problem? 

Spatial Interaction (SI) refers to spatial movements in real and physical space that are 
part of the tangible interaction. 

- Inhabited Space: Do people and objects meet? Is it a meaningful place? 
- Configurable Materials: Does shifting stuff (or your own body) around have 

meaning? Can we configure the space at all and appropriate it by doing so? 
- Non-fragmented Visibility: Can everybody see what’s happening and follow the 

visual references? 
- Full-Body Interaction: Can you use your whole body? 
- Performative Action: Can you communicate something through your body 

movement while doing what you do? 

Embodied Facilitation (EF) emphasizes the organization of objects and material within 
the space, and how that organization influences group behavior. 

- Embodied Constraints: Does the physical set-up lead users to collaborate by 
subtly constraining their behavior? 

- Multiple Access Points: Can all users see what is going on and get their hands on 
the central objects of interest? 

- Tailored Representation: Does the representation build on users’ experience? 
Does it connect with their skills and invite them into interaction? 

Expressive Representation(ER) concerns the expressiveness and legibility of the digital 
and material representation used to manipulate the tangible artifacts. 

- Representational significance: Are representations meaningful and of long-lasting 
importance? Are physical and digital representations of the same strength and 
salience? 

- Externalization: Can users think and talk with or through objects, using them as 
props to act with? Do they give discussions a focus and provide a record of 
decisions? 
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- Perceived Coupling: Is there a clear link between what you do and what happens? 
Are physical and digital representations seemingly naturally coupled? 

Each theme is elaborated using various concepts; several of the themes and concepts 
overlap with the perspectives on interaction and coordination of activities within an 
interactive meeting space that were introduced in Chapter 2. The concepts from the 
Tangible Interaction Framework have been used to analyze and reflect on the design of 
the interaction techniques that were developed and described in Chapter 5 through 
Chapter 7. 

In Table 8.1 below we reflect on various properties of the interaction techniques and 
evolving principles for tangible manipulation that were described and outlined in section 
8.1.1 (Pointing, Placing, Touching and Offline Spatiality). In the table a number of cells 
have been merged, both across different concepts within a theme and across the 
principles of physical manipulation that evolved from the developed interaction 
techniques. Similarly, some cells have been color-coded across several principles of a 
particular concept in the framework. The point of this coding is to indicate clusters of 
properties that apply to several principles of physical manipulation or several concepts of 
the framework.  

The short list below summarizes some of the properties of each theme; also 
corresponding to aspects those themes have in common with the research questions from 
section 2.4. These summarized properties are also used as a baseline for further 
investigation towards principles for applying physical manipulations to interactive 
meeting spaces, as described in Table 8.2  

- Discrete multi-device identification and selection of distinctly digitally augmented 
objects in the space (Multi-device selection, RQ1, TM).  

- Digital models of spatial or relational organization can be omitted in favor of 
direct association and detection of physical and spatial devices represented in the 
physical space (RQ2, SI). 

- Explicit, seamful and spatially visible use and deployment of sensor tools (Multi-
device direct manipulation, RQ4, EF). 

- Visible and expressive physical gestures, supporting social negotiation and 
coordination of multi device connectivity (Social coordination, RQ5, ER). 
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 Pointing Placing Touching Offline Spatiality 

H
aptic 

D
irect 

Physically pointing 
out objects and 
devices 

Physically placing 
objects within a 
bowl or distinct 
area. 

Physically 
combining objects 
and touching them 
with a reader tool. 

Physically and 
directly organizing 
and manipulating 
(significant) 
physical objects. 

Lightw
eight Interaction 

(TM
) 

Direct feedback on 
a successful 
selection of a target 
is responded with 
haptic feedback 
from the pointer 
tool.  

The objects placed 
within the distinct 
area correspond to a 
selected (enabled) 
state that combines 
several services. 

Devices and objects 
are directly 
represented and 
selected by the 
detection of their 
physical 
representation or 
appearance (i.e. the 
proximity tag 
attached to them). 

Within a limited 
and accessible 
physical space, the 
relational, 
representative and 
spatial properties of 
the space itself can 
be managed, 
directly and 
independently of 
relational digital 
representations. 

Isom
orphic Effects (TM

) 

Several application 
areas that might 
extend the one-to-
one mapping 
between appliance 
and control of 
services are 
proposed with the 
spells. 

Physical objects 
represent the 
enabling of a 
configuration, 
corresponding to a 
state that combines 
services. Several 
physical objects can 
be enabled at once. 

A cheap and 
realizable approach 
to enable multi-
device manipulation 
(Rekimoto, 1997) 
and tangible 
manipulation 
properties to 
consumer devices 
and arbitrary 
physical objects. 

Only the desirable 
(Benford et al., 
2005) digital 
properties need to 
be digitally 
represented and 
controlled. 

Inhabited Space (SI) 

Pointing and 
selecting objects 
residing in the 
physical space. 

The selected active 
configurations are 
physically 
represented in a 
bowl that is also 
present in the space.

Touching, selecting 
and associating 
objects and digital 
material residing in 
the physical space. 

Physical objects 
representing 
opportunities 
(selected or not) are 
physically available 
in the space and 
users can 
manipulate them 
freely. 

C
onfigurable M

aterials (SI) 

Physical 
organization of 
objects, furniture, 
computational 
devices and 
locations can be 
managed freely. 

Combinations of 
physical objects 
representing 
different selected 
active 
configurations of 
the room. These 
configurations 
result in new 
selected active 
states. 

Physical 
organization of 
objects, furniture, 
computational 
devices and 
locations can be 
managed freely. 

The representations 
of objects, e.g. 
furniture, 
computational 
devices, and 
locations can be 
physically removed, 
manipulated, and 
organized in a way 
that is meaningful 
for a particular 
activity. 
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N
on-fragm

ented Visibility (SI)  

Allows us to see 
and directly point 
out distinct physical 
elements in the 
space, for tracing 
and interpretation 
by both co-workers 
and sensor systems 
in the space. 

Allows us to see 
and directly touch 
distinct physical 
elements in the 
space, in actions 
that can be traced 
and interpreted by 
both co-workers 
and sensor systems 
in the space. 

For digital 
representations of a 
space, an 
understandable 
symbolic or 
relational model 
needs to be 
maintained. As the 
(digitally 
augmented) 
physical objects 
must be directly 
selected, 
corresponding 
digital models are 
redundant. 

Perform
ative Action (&

 
Full Body Interaction) 

Pointing at and 
tracing a target with 
a laser beam acts as 
a cue for 
negotiation about 
an intended action 
and also 
communicates and 
demonstrates how 
an action is 
performed. 

Physical 
representations of a 
room configuration 
are physically 
available and freely 
manipulated. The 
manipulation and 
selection of a new 
selected active state 
is physically visible 
and the gestures 
involved in this 
manipulation may 
provide a cue for 
negotiating and 
communicating 
about the 
interaction. 

Combining and 
manipulating 
objects, or taking 
up a touching tool, 
can serve as a cue 
for negotiation 
about an intended 
action and can 
communicate how 
to perform actions. 

Physical 
manipulation and 
organization of 
physical objects 
may also provide 
propositions and 
cues for negotiation 
about the activity. 

Em
bodied C

onstraints (EF) 

Digitally 
augmented objects 
are explicitly 
pointed out with a 
selection tool. 

Digitally 
augmented objects 
are explicitly placed 
in a bowl. The 
objects must be 
shaped to fit and be 
detected by the 
sensors in the bowl. 

Digitally 
augmented objects 
are explicitly 
touched with a 
selection tool. 

Digitally 
augmented objects 
are manipulated and 
organized freely 
and are explicitly 
selected. This 
exposes the seams 
(Chalmers & 
Galani) of the 
corresponding 
interaction 
technique. 
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M
ultiple Access Points (EF) 

The technical 
solution and the 
spells are intended 
to support multiple 
pointing devices, 
and pointing targets 
for most appliances 
in the space. 

A scaled 
deployment 
possibly utilizes 
several bowls, e.g. 
they may be 
associated with 
dedicated 
appliances, similar 
to the media slots 
for the mediaBlocks 
(Ullmer et al., 
1998). 

Several touching 
tools could be used 
in parallel by 
several users; both 
sequential and 
stacked 
combinations of 
physical objects can 
be distinguishably 
detected in parallel. 

Here we 
particularly 
highlight the 
coordination effects 
and power of 
offline 
manipulation, 
where users need 
the access points 
(selection tools) at 
specific times and 
can share them over 
time. 

Tailored Representation (EF) 

In particular, the 
pointing concept 
provides an 
enabling 
technology, and an 
instrument for 
physical 
manipulation. 
Tailored 
representations and 
customizations 
apply to particular 
applications 
requested by a 
particular group of 
users. 

The deployed use of 
the bowl 
particularly 
supports selection 
of active 
configurations for 
longer sections, 
where quick and 
simple interaction is 
facilitated for 
enabling and 
disabling active 
states of combined 
services and 
appliances. 

In particular, the 
touching concept 
provides an 
enabling 
technology, and an 
instrument for 
physical 
manipulation. 
Several features are 
provided that add 
flexibility and 
facilitate easy user 
customization of 
applications. 

The physical 
organization and 
appearance of the 
manipulated objects 
can easily be 
customized. They 
can also be attached 
to suitable objects, 
or placed out 
physically. Direct 
annotation and 
decoration are also 
possible. 

Representational 
Significance (ER) 

Pointing does not 
leave long-lasting 
representations or 
traces of the 
expression.  

The selected active 
state resulting from 
a placing 
expression is 
physically 
represented n the 
bowl as long as it is 
active. 

Touching does not monitor and maintain a 
consistent long-lasting representation of 
the expression. The organization of 
physical objects corresponding to an 
expression can be left in a state 
corresponding to the digital state, e.g. as 
the offline, floor constructions seen in 
Patcher (Fernaeus & Tholander, 2006 ) 



Chapter 8 Resulting principles and concluding remarks 

160 

Externalization (ER) 

An increased set of 
smoothly controlled 
significant 
interactive 
opportunities could 
increase the power 
of pointing gestures 
and holding a 
pointing tool, 
through the direct 
executive power of 
performed 
suggestions. 

The placing concept 
is expressed 
physically, 
particularly during 
the initiation and 
closing of a session 
or distinct activity. 
Therefore placing 
offers limited props 
for talking, thinking 
and acting within a 
session of activity 
corresponding to 
selected active 
configurations. 

Physical objects representing physical 
objects and devices, digital data and tools, 
and the touching tools can be physically 
manipulated freely. Examples, indicating 
such enactments through the physical tools 
are mentioned in section 7.4.4. In 
particular,  such negotiation is further 
analyzed and highlighted in (Fernaeus, 
2007) who studied the interaction with 
Patcher. 

Perceived C
oupling (ER) 

The particular impact and perceived (digital) coupling of the 
Pointing, Placing and Touching manipulation occurs as the 
selected and initiated software is activated. Improved direct and 
constant digital feedback could also provide guidance and make 
optional choices on partial, but sensed interactions more 
perceptible (Lightweight Interaction(TM)), and better 
communicate the functional state of the interaction tools. 

Feedback would be 
improved by using 
a graphical user 
interface, and 
visualizing the state 
of the currently 
connected sensors, 
the associated 
physical objects 
that were recently 
detected, e.g. on a 
tabletop display. 
This does not 
necessarily require 
a tight mirroring of 
the actual physical 
organization of the 
space. 

Table 8.1 Summary of reflections on the concepts presented in the Tangible Interaction Framework 
(Hornecker & Buur, 2006) and the four principles corresponding to the physical manipulation 
described in Chapter 5 through Chapter 7.  

Several interaction support systems and sample applications were developed, drawing on 
experiences gained during the design of iLounge and the iSpaces collaboration, and while 
deploying and using software for interactive meeting spaces. The list of these systems 
and applications also provides categories of possible applications of physical 
manipulation for interactive meeting spaces. Corresponding to the categories of sample 
applications and demonstrators for interactive meeting spaces, we propose a number of 
application principles for physical interaction. The list below summarizes five such 
applications goals for physical manipulation. Most of these goals, particularly the first 
three, have also appeared in the sample application, ideas and outlines of additional 
applications of the interaction techniques. 

Select & Connect: This is the selection of combined distributed services on different 
devices, e.g. service selection and service composition. ICrafter provides a GUI generator 
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that can combine, select and control appliances and services within an interactive meeting 
space. iROS Manager makes it possible to select among different interactive meeting 
spaces and to launch and connect a compilation of services to the common room 
infrastructure at the same time (Johanson et al., 2004), (Table C.1, in Appendix C, V32). 
Physical manipulation also allows users to select a combination of distributed services on 
different devices. Examples of such tools are iButton (Ballagas et al., 2003), home 
appliance remote controls, iwand, contextual guidance applications, and the spells, the 
services selection and guidance and information spells. The Magic Bowl, particularly in 
the startup and shutdown examples, Physical Cursors, the physical authentication widgets.  

Sharing Data: This involves moving digital files and data between services on different 
devices e.g. CrossWarp, CrossPaste, Filestarter, Tipple and Picador (Table C.1, in 
Appendix C, V1 & V14), and instant messenger applications. When sharing data, 
physical manipulation allows the user to move digital media between different devices.  
Examples of such tools are Pick-and-drop (Rekimoto, 1997), Media Blocks (Ullmer et al., 
1998), Web Stickers (Ljungstrand & Holmquist, 1999), and IR-beaming data between 
mobile devices. Tools developed in this study that help with sharing data include iwand, 
the moving-and-translation spell, the Magic Bowl, the presentation phicon, Physical 
Cursors, and the Physical File-and-Data gateway widget. 

Sharing Control: For redirecting control streams several kinds of equipment are useful, 
such as point-right (Table C.1, in Appendix C, e.g. V14 & V24), VNC, and remote 
desktop and bi-directional real-time media, as well as synchronous media streams such as 
VoIP and video conferencing. Tools that allow physical manipulation for redirecting a 
control stream include the iwand, the implemented pointer-redirection prototype of the 
moving and translation spell, along with Physical Cursors, the physical pointer 
redirection widgets. 

Continual Control: For continual on-screen navigation and direct manipulation, useful 
tools include drawing and 2D and 3D navigation user interfaces, e.g. CAD, games, and 
virtual worlds. The Stanford iROOM/CIFE FourD Demo provides coordinated multi-
view support to traditional 3D CAD tools used in interactive meeting spaces (Johanson et 
al., 2004). Continual free hand gestures control digital whiteboards, using handwriting 
recognition and motion-based input devices, e.g. for navigation in games and virtual 
worlds. 

Implicit interaction: This category includes proactive or remainder applications and 
services, e.g. UI-agents, entertainment calendar reminders, and task schedulers. The Feel 
project examined services for rerouting personal messages and communication during a 
meeting to other less intrusive devices such as peripheral displays and modalities, in a 
shared meeting room (Espinoza et al., 2007) Table C.1, in Appendix C, U39). The focus 
is on implicit, physical interaction, and custom and ambient interpretation of sensor data 
for tracing and recognizing activities and proactive services, e.g. surveillance systems, 
augmented reality, and geographical navigation systems. An example of ambient 
interpretation of sensor data is the Hello.Wall (Streitz et al., 2007). 

Table 8.2 displays these proposed principles for applying physical manipulation from the 
perspective of the listed significant properties of the interaction techniques and principles 
reflected on in Table 8.1. 
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Table 8.2 Summarizes how the desirable qualities of physical interaction for interactive meeting 
spaces apply to the proposed categories for applying physical manipulation to interactive meeting 
spaces. 

8.3 Design patterns for physical manipulation in Interactive 
Meeting Spaces 

This thesis has described the design and implementation of several interaction techniques 
and corresponding sample applications that were tried out within the context of 
interactive meeting spaces. The spaces, as well as the developed support tools, need to be 
tailored to particular situations and activities. The sample applications demonstrate some 
of the basic functionalities, rather than being an evaluation of applications that were 
optimized and customized for particular activities. 

In this chapter, we investigated several emerging principles for physical manipulation and 
several applications of manipulation that apply to interactive meeting spaces. These 
principles point to several qualities and properties that correspond to the experiences 
from both the design of the three interaction techniques and the design and deployment of 
the spaces. The description and analysis provide a snapshot of ideas, sources of 
inspiration, and reflections, as well as knowledge and experiences gained about the 
materials that correspond to the designs and evolution of these principles. 

The design of interaction techniques and applications for physical manipulation in 
interactive meeting spaces represent a multi-disciplinary design domain; its elements 
range from the architectural organization and physical movements within the space to 
custom design of hardware, software, user interfaces and multi-device communication 
and networking. The sample applications addressed technical solutions and principles, 
rather than being tailored to particular activities or groups of users. The interaction 
techniques, and the principles of manipulation and interaction analyzed earlier in this 

 Select & 
Connect 

Sharing 
Data 

Sharing 
Control 

Continual 
Control 

Implicit 
Interaction

Discrete multi-device 
identification and selection of 
distinct digitally augmented 
objects 

Possibly Yes Yes Rarely No 

Direct association and 
detection of objects physically 
represented and spatially 
organized in the space 

Possibly Yes Yes No No 

Explicit, seamful and spatially 
visible use and deployment of 
sensor tools 
 

Yes Yes Yes Possibly Rarely 

Visible and expressive 
physical gestures, supporting  
social negotiation and 
coordination of multi-device 
connectivity 

Yes Yes Yes Yes No 



Pointing, Placing, Touching 

163  

chapter, target several problems and qualities that may be reusable by other sensor 
solutions, and instances in other implementations of such spaces. In this section, we 
address these principles and qualities, by introducing a tentative pattern language. The 
goal here is to describe the experiences that can be used in solving problems, and 
deployed in a range of situations, extending some of the technically unique details of the 
implementations described in Chapter 5 through Chapter 7. 

Christopher Alexander (Alexander et al., 1977, Alexander, 1979)  introduced design 
patterns for describing architectural problems and solutions. In his keynote speech at the 
object-oriented software conference (OOPSALA ‘96), Alexander discussed how patterns 
apply to architecture, but also to software design:  

In traditional society where lay people either built or laid out their own houses, their own 
streets, and so on, the adaptation was natural. It occurred successfully because it was in 
the hands of the people that were directly using the buildings and streets. So, with the 
help of the shared pattern languages which existed in traditional society, people were able 
to generate a complete living structure. In our own time, the production of environment 
has gone out of the hands of people who use the environment. So, one of the efforts of the 
pattern language was not merely to try and identify structural features which would make 
the environment positive or nurturing, but also to do it in a fashion which could be in 
everybody's hands, so that the whole thing would effectively then generate itself.  
(Alexander, 1996).  

Similarly, we see it as ideal for technology in the interactive meeting space to be laid out, 
adapted and structured “in a fashion which could be in everybody's hands”.  The 
interaction techniques developed in this study have particularly addressed the 
development of platforms, as technical solutions to explore and support further design 
and customization of applications, addressing physical manipulation as it applies to 
interactive meeting spaces. The use and availability of both the deployed spaces and the 
designed platforms has been limited by the scope of this work. Within this work, however, 
it has been possible to describe a number of principles, applications and concepts.  

In conclusion, we propose a tentative pattern language for designing physical interfaces 
and applying physical manipulation to interactive meeting spaces. Here, we develop only 
one of the proposed patterns, and briefly describe and relate the other proposed patterns 
to other interactive systems and human computer interaction-related design patterns. 

8.3.1 A tentative pattern language 
Architectural design patterns (Alexander et al., 1977) have been adapted in a variety of 
disciplines. Within computer science, design patterns were first adopted for the design of 
object-oriented software (Gamma, 1995); others were developed for human computer 
interaction. Most of these design pattern languages have focused on individual, on-screen 
user interfaces (e.g. (Van Welie & Trtteberg, 2000, Tidwell, 2006). Other researchers 
have explored and developed interaction design patterns to explore how we interact 
within the physical space with each other, and how we use and design the overall systems, 
devices and interactive setting (e.g. (Borchers, 2001, Junestrand et al., 2001, Arvola, 
2004, Chung et al., 2004, Martin & Sommerville, 2004 ). The design pattern work 
mentioned here is recorded in books, theses and various publications; it is often 
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developed, catalogued and shared in less static collections, such as online pattern 
collections; 1 in any case, it is common practice to review and publish design patterns as a 
means of evaluation. (Borchers, 2001) makes a similar distinction within human 
computer interaction-patterns which he describes in terms of design patterns, vs. activity 
patterns, where activity (or organizational) patterns describe existing situations without 
claiming that any particular qualities should be reused for tool design.  

Cross-discipline readability and domain-independent uniform format are two key 
requirements of interdisciplinary pattern languages as described by (Borchers, 2001).  
(Alexander et al., 1977) also mention this requirement for the structure of a pattern 
language. That is, the pattern should be readable across disciplines; it should bridge the 
gap between practitioners in different disciplines and address different levels of 
abstraction. In the case of architecture that can be explained as follows: the pattern 
language should be readable and useful for both architects and construction workers but 
should also be possible for lay persons to use it; for example a group of neighbors should 
be able to plan, improve or work out improvements in the neighborhood, or families 
should be able to design a house for themselves. 

Name (ranking**) 
[Problem Context Illustration] 

[…]Introduction 

       ◊ ◊ ◊ 

Problem 

Forces, Examples 

[Therefore:]  

Solution 

[Diagram or sketch] 

       ◊ ◊ ◊ 

Connections and References […] 

Pattern languages describe design patterns in a uniform format, most commonly based on 
typographical rules (Alexander, 1979),  structured through typography, without explicit 
text labels. Table 8.3 illustrates how these have been used in the example pattern 
described in section 8.3.2 below. A pattern is a three-part rule; it expresses a relationship 

1 Jan Borchers, http://www.hcipatterns.org;  
Tom Ericsson, http://www.visi.com/~snowfall/InteractionPatterns.html;  
PoInter project, http://www.comp.lancs.ac.uk/computing/research/cseg/projects/pointer/pointer.html;  
Berkley GUIR, UbiComp Design Patterns, http://guir.berkeley.edu/projects/patterns;  
Tidwell, Common Ground pattern language, http://www.mit.edu/~jtidwell/common_ground.html.  

Table 8.3 Illustration of the applied 
typographic structure used for the pattern 
described. 
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between a certain context, a problem, and a solution (Alexander, 1979). In Table 8.3, the 
introduction describes the context of the patterns and the core problem and the solution is 
described in bold text. Forces and examples give a deeper description of the problem, and 
some concrete examples of ways to address it. The solution illustrates the principles of 
the solution. The connections describe the relationships to other levels of design patterns 
and related solutions, and mention considerable drawbacks and alternatives for 
improvement. 

Although the structure and format of patterns are addressed rigorously, the conservation 
of a described design pattern can be seen as more flexible and evolving. That means that 
patterns should be seen as working hypotheses, “all tentative, all free to evolve under the 
impact of new experience and observation” (Alexander et al., 1977). If we are to have the 
most power over the language, Alexander recommends that we modify and make our 
own version of the patterns, with solutions relevant to our context or design problem. 
This perspective gives patterns an inspirational role: they can be appropriated and used to 
frame our own version of the pattern language, to create a repertoire of solutions. 

Based on the principles investigated in section 8.2 we have developed a tentative pattern 
language for physical manipulation in interactive meeting spaces, proposing seven 
different design patterns. The tentative pattern language corresponds to the evolving 
principles for designing interaction and physical manipulation at two levels: the level of 
applications and the level of physical and visible manipulation techniques. As a limitation, 
we have chosen to develop just one of the design patterns (SHARING CONTROL) and 
just outline the others briefly. 

 
We have chosen to focus in detail on investigating and describing principles of physical 
manipulation for sharing control within interactive meeting spaces, in the format of a 
design pattern. Referring to Table 8.2, the items of Select & Connect and physical 
manipulations for Sharing Data and sharing Control clearly apply. These have also been 
exemplified, particularly with the sample demo applications of Physical Cursors; their 
implementation is also described in Appendix B. The concepts of Select & Connect and 
Sharing Data have some applications in common and some partly in common with 
Sharing Control. Select & Connect develops the principle of a selective (universal) 
remote control, but also highlights some expressive properties. (Rekimoto, 1997) 

Figure 8.3 illustrates a number of different concepts and how they 
depend on each other, as if they all (ovals) were worked out as 
design patterns for physical manipulation  
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describes a multi-device direct manipulation technique, pick-and-drop that has much in 
common with Sharing Data. Also mediaBlocks (Ullmer et al., 1998), IR beaming data 
between mobile devices, or the use of a USB stick provides examples on multi device 
direct manipulation, applying to Sharing Data. Figure 8.3 relates the proposed principles 
for physical manipulation and for applications of physical manipulation that apply to 
interactive meeting spaces. In the next section, we provide a detailed proposal for a 
design pattern for Sharing Control. We have chosen to focus on a detailed proposal for 
the Sharing Control design pattern, even though al the concepts placed in the ovals in 
Figure 8.3 correspond to prospective design patterns. In the description of the Sharing 
Control design pattern proposal, we refer to these other patterns, but also include 
descriptions that may overlap or actually belongs to them. 

On the basic level, four design patterns originate from the interaction techniques 
described in Chapter 5 through Chapter 7 as POINTING, PLACING and TOUCHING – 
corresponding to the physical manipulation – and OFFLINE SPATIALITY. On a higher 
level, some design patterns correspond to applications and goals of the manipulation such 
as SELECT & CONNECT, SHARING DATA And SHARING CONTROL.  

The Design pattern for SHARING CONTROL applications is also highly dependent on a 
manipulation technique. As a result of that, and that we have chosen to just develop one 
of the prospective design patterns in more detail, a number of aspects of the described 
solution and context for the SHARING CONTROL should rather belong to the a design-
pattern corresponding to a TOUCHING manipulation technique. A number of additional 
patterns related to these design pattern can probably be found in the design pattern 
collections by, e.g. (Van Welie & Trtteberg, 2000, Borchers, 2001, Junestrand et al., 2001, 
Arvola, 2004, Chung et al., 2004, Martin & Sommerville, 2004 , Tidwell, 2006). 
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8.3.2 SHARING CONTROL 

 
…With several networked computing devices deployed in a common physical 
environment, we need to design applications and user interfaces for collaboration and 
coordination of parallel and shared activities. Some of the computing devices may 
already have software applications installed that support either re-direction or direct 
bidirectional communication of individual interactions (e.g. Remote Desktop, application 
sharing, Point-Right, Synergy). To coordinate parallel activities that are physically 
distributed over a number of both shared and individual computing devices, we also need 
a physically visible way to select, negotiate about, and initiate instant re-direction and 
share individual interaction. 

Figure 8.4 This sequence illustrates the problem of bringing the control 
of one screen to another as, when the focus of activity is moved from 
one shared screen to another, in the interactive meeting space. 
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◊ ◊ ◊ 

 

Most computer devices and software are designed to be used individually; they treat 
communication in a locally shared physical space as if the users are communicating 
globally. Even in shared physical space, much of the coordination and selection of 
devices and services is both invisible and individual, relying on individual managed 
tools and remote communication mechanisms. This can lead to various types of 
confusion. It is hard to know who is in control of each shared resource. It is hard to 
know how to gain control of a particular shared resource. And it is hard to know 
how to set up and prepare the tool in order to gain control of any physically visible, 
directly available shared resources. 
 

Tools based on GUI and PCs, such as VNC1 and Point-Right (Johanson et al., 2002b) 
allow individual and remote control of the mouse and keyboard of different computer 
devices used in a shared physical space; they  require digital representations or models of 
the physical spaces to identify and connect to the different devices. These models must be 
produced and maintained so that they consistently mirror the physical space, for example 
keeping spatial relational models and user-friendly names that represent currently 
available services, devices or co-workers consistent and up to date. As the physical 
organization changes, and users and computer devices enter, or are moved around or 
leave, these models need to be updated. If shared devices are remotely controlled through 
individually controlled tools that violates the overview and the sense of being in control 
of shared devices in the environment.  

 

An alternative to the invisible and individual remote control of devices is the direct 
manipulation and selection offered through touch screens. In combination with a file and 
data sharing software, the user can physically manipulate one device directly thorough 
their touch screen and smoothly transfer files and selected content to other devices.   
Examples of such software are Tipple (Werle et al., 2001), Picador, 2 
MultiBrowse/CrossWarp (Johanson et al., 2004), and DROP CONNECTOR, GO 
CONNECTOR or SEND CONNECTOR (Arvola, 2004).   The technique of  pick-and-
drop (Rekimoto, 1997) enables  on-screen direct manipulation through a touch-screen 
stylus; the user can also manipulate and move content, and use the stylus to pick it up and 
associate it  with multiple devices.  Thus, the control and integration among multiple 
devices becomes even easier to manage.  

 

Two drawbacks of the touch-screen manipulation techniques need to be mentioned here. 
First, it requires a touch-screen add-on to each device, which is not generally available.  
In particular, touch screens generally cannot identify several different styluses, as would 
be necessary in the pick-and-drop case. Data sharing software requires some 
representation to keep track of and spatially organize the different devices. Second, 
1 Virtual Network Computing, http://www.realvnc.com/  
2 Multi-device photo sharing iLounge demo version of Tipple and FileStarter 
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physically visible manipulation is particularly suitable for large, public and shared 
displays, but for most personal devices (laptops, smart phones or PDAs) the touch screen 
interaction is as invisible as using the mouse directly. In many situations, touch screen 
manipulation is also inefficient, e.g. as for the case of text and keyboard input, short 
command keys or right click. 

 

With the Physical Pointer Redirection Widgets (described in section 7.4.2), the direct 
manipulation and selection of sources and targets through a pointer redirection 
application such as point-right (Johanson et al., 2002b) makes it possible to negotiate and 
select sessions of re-direction through physical and visible manipulation. As soon as the 
user selects a session, individual keystrokes and mouse manipulations are re-directed 
from a selected mouse, keyboard or personal device. This approach supports physically 
visible negotiation of control in a session, in contrast to the continually physical visibility 
of the touch screen-approaches described earlier. To integrate a new device in a multi-
device setting, the only hardware needed is a cheap auto-ID tag that must be attached to 
and associated with the device. 

 

Therefore:  

 

Once it is possible to select devices, displays and services for users to share and 
redirect control through physical direct manipulation, the users can make their 
intentions visible and negotiable with co-workers; this limits the need for digital 
models of the overall physical space. A handheld auto-ID sensor and cheap auto-ID 
tags can be used to physically select and identify most devices and physical objects. 
Users can redirect control by detecting a combination of input devices and displays, 
either concurrently with a multi-tag reader or sequentially. The only digital model 
needed is the associations between individual auto-ID tags and corresponding 
service-identifiers. The matching combination of identified attributes, 
corresponding to selected services and devices, is used to identify and initiate 
software that can redirect control; an example is the Point-Right pointer redirection 
event in Figure 8.5. 
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◊ ◊ ◊ 

 

The solution above applies particularly to RFID, as in the example of the  Physical 
Pointer Redirection (TOUCHING), or when a proximity tag slot (e.g. Bowl) is attached 
to every device (PLACING), similar to the mediaBlock slots (Ullmer et al., 1998). To 
some extent, sharing control could appear inefficient and require us to stand up and move 
around if not all the objects or devices we want to control are within direct reach. One 
solution would be to move the representations of devices around in the room and 
organize them freely on the shared table (OFFLINE SPATIALITY). Another would be to 
combine the proximity tags with IR-Beacons or laser-tags (POINTING). Similar to the 
situation with SELECT&CONNECT and SHARING DATA, the aim is to manipulate 
digital services and media through as much real physical direct manipulation as possible 
in what (Borchers, 2001)) calls AUGMENTED REALITY, instead of through on-screen 
user interfaces. To implement SHARING CONTROL also requires some software 
protocol or application to support sharing and redirection of control, e.g. (Johanson et al., 
2002b)… 
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Figure 8.5 These are the functional principals for SHARING CONTROL, 
implemented based on the TOUCHING pattern, to move the mouse
cursor control from the laptop (t1) to the shared smartboard screen (t2).
TOUCHING is a prospective design pattern using where an RFID
proximity sensor to identify physically represented computer devices and 
services.  
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8.4 Concluding summary 
The work described in this thesis has addressed its three objectives: 

1. To design appropriate technical support that will emphasize and make more 
visible the critical and central co-located manipulation and coordination actions in 
interactive meeting spaces. In particular, it addresses three critical applications for 
interactive meeting spaces: Multi-device selection, Multi-device setup, and Multi-
device direct manipulation. 

2. To integrate the technical solutions with the non-technical interactions, in order to 
support essential social coordination. In particular, it addresses physical and 
visibly shared interaction through Pointing, Placing and Touching. 

3. To overcome the technical complexity of interactive meeting spaces and their 
need for constant maintenance. 

The two first objectives have been addressed by the design and conceptualization based 
on the three developed interaction techniques:  the iwand for Pointing, the magic bowl for 
Placing, and the physical cursors for Touching. Analysis and reflection occurred 
continually during the design process, as experiences and qualities emerged during the 
design of the interaction techniques, and in relation to the design of interactive meeting 
spaces. Based on these experiences and analysis, a tentative design pattern language has 
been proposed for applying physical manipulation to interactive meeting spaces. 
SHARING CONTROL, one of the application-oriented principles for physical 
manipulation has been worked out as a design pattern.  

A particular focus has been the selection, setup and direct manipulation of multiple 
devices in the physical space, within the design of the different interaction techniques. 
These application concepts address all three objectives. The second is addressed through 
the usage of physical sensors to discover, identify, combine and interact directly with the 
devices and objects in the physical space. The third objective is addressed by the applied 
principle of keeping the underlying relational model of the space as small and simple as 
possible, and particularly by maintaining relations between physical objects, directly 
through physical manipulation. 

Addressing the third objective, the deployment and use of interactive meeting spaces 
have been studied and analyzed. Based on reflections and observations from giving 
support to users, and maintaining the environment over a period of four years, it was 
possible to outline some methodological principles for living laboratory deployments and 
maintenance as observations. 

The table below (Table 8.4) summarizes and compares the technical results and 
principles related to the designs of the three interaction techniques and the experiences 
from the design and deployment of interactive meeting spaces. 

 

 

 



Chapter 8 Resulting principles and concluding remarks 

172 

 Iwand Magic Bowl Physical Cursors iLounge 
Reusable 
technical 
solution 

Multi-device 
selection 

Multi-device setup Multi-device direct 
manipulation 

Interactive Room 
Operating System 
(iROS) 

Physical 
interaction 
principle 

Pointing Placing Touching Offline Spatiality 

Application 
concepts 

Spells Phicons Physical Widgets Interactive 
Meeting Spaces 

Impact of 
technical 
solution. 

Other research 
projects also 
developed similar 
laser-pointer based 
interaction 
techniques (2000-
2003). Several 
application themes 
and a platform for 
their realization are 
established for the 
iwand.  

The technical 
solution provides 
easy setup of the 
room. Phicons 
represents custom 
room presets, 
activated by 
placing the phicons 
in a bowl. A preset 
is deactivated if the 
phicon is removed. 

The technical 
solution allows 
users to combine 
complementary, 
digital services and 
attributes, by 
directly 
manipulating 
(tagged) physical 
objects. 

Technology 
transfer and  
custom 
deployment of the 
Stanford 
interactive room 
software 
infrastructure 
(iROS) 

Scalable 
Realization  

Non standard, 
unstable custom 
developed 
technical baseline.  

Based on standard 
RFID technology. 
Services to activate 
and inactivate 
presets are 
specified uniquely 
for each custom 
preset.  

Based on standard 
RFID technology. 
Each services or 
devices only 
demand a cheap 
RFID tag to be 
integrated. 

Commercial of-
the-shelf 
equipment. 
Also lightweight 
and less 
maintenance 
demanding 
(Teamspace) 
deployments.   

Method of 
observation and 
investigation 

Technical design, 
proof of feasibility 
and scenarios  

Technical design, 
permanent and 
stable deployment 

Technical design, 
prototyping, 
demonstration and 
hands-on user 
exploration and 
testing. 

Maintenance, 
analysis of 
documented 
support requests, 
upgrades, and 
room bookings.  

Outcomes from 
the design 
process 

Interaction 
technique that 
enables explicit 
and physically 
visible pointing 
gestures to be 
digitally 
interpreted.  
Exemplified by the 
spells for: 
Contextual 
Guidance, and 
Pointer redirection 
 

Interaction 
technique that 
enables explicitly 
placement of 
physical objects to 
be digitally 
interpreted. 
Exemplified by the 
phicons for: startup 
and shutdown, and 
several demo 
samples. 
 

Interaction 
technique that 
enables explicit 
and physically 
visible proximity, 
gestures of 
touching objects 
with each other to 
be digitally 
interpreted. 
Exemplified by the 
Physical Widgets 
for: File&Data 
gateway, Pointer 
Redirection, and 
Authentication 

Omit inconsistent 
dual digital and 
physical 
representations. 
Application 
principles for 
multi-device 
interaction within 
interactive meeting 
spaces: 
Select&Connect, 
Sharing data, 
Sharing control, 
Continual control, 
and Implicit 
interaction. 

Table 8.4. Summary of core principles and technical results, related to the design of the three 
interaction techniques and the interactive meeting space deployment. 
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This thesis project has been strongly biased towards laboratory design and maintenance 
practice, compromising and technically supporting various external projects. Up to the 
point of finalizing this thesis, have the time to analyze, reflect and write-up the results of 
the included experiments and studies been modest. Much of the material could be directly 
reworked and published; even more could be further analyzed, and reflected upon. A 
number of future projects, and publications are possible, based on the thesis material. In 
addition to publications directly based on the material in this thesis, several directions for 
future work can be suggested: 

- Further development and production based on the interaction techniques, e.g. 
improvements and combinations of the technical platforms and applications of the 
proposed interaction techniques. 

- Continual conceptualization and development of design patterns and the tentative 
design pattern language for applications of physical manipulation, applying to 
interactive meeting spaces. 

- Development of applications for new, more easily and spontaneously available 
interactive meeting spaces, e.g. as support for local collaboration in public spaces, 
like the information and advertisement displays commonly available in shopping 
malls or airports. 
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Appendix A Location-Aware iROS 

Table A.1 Summary of Location-Aware iROS, design project from the Ubicomp Course 2006

UCRealm: a Virtual and Physical Role-Playing Game. A pervasive meeting and market place for 
ORPG gamers. Using mobile devices, players that meet or hang out in the same physical space 
also can find each other in their favorite virtual location (ORPG or online world) to trade, battle, 
or just hang out in together in the virtual world as well. 
Restore and Recall (RnR) is a system providing automatic auto-recovery and local storage of the 
work carried out in an interactive meeting space. Saving the events as a log or vectors and make 
“time-navigation” possible. The implementation would allow users to restore and continue the 
work in the interactive meeting space anytime. 
Digital Paper - uses RFID’s attached to and associated with paper documents, when a document 
is scanned with a RFID reader a digital version of the document is projected automatically on the 
big screen. The location and the shared screen to use is discovered and located (through the Spots 
system). 
Shared File Space is an interactive Shared File Space for Collaborative work. We add a new 
service called “SFSServer” that provide a GUI on each client’s laptop. In this way, when one 
shares a file, the others can use the file at the same time from the SFS that shows the latest 
version of files dragged to the GUI to everyone. 
iNOTIS, is a Non Obtrusive Telecom Interaction System. When an iNOTIS enabled device 
(laptop, palmtop) enters a room and detects the local iROS server spot, it silences the owners 
phone via Bluetooth, and connects the device to the iROS server. This service allows the user to 
redirect the notification to any iROS enabled display in the room. 
Spot discovery; provide visitors to a shopping mall with a way to access to information, e.g. 
discounts and promotional coupons provided by the different businesses in the mall. When 
entering the spots defined by some particular business, information, such as a promotional 
coupons show up on the device. 
Conferencing spot system, is a chat and bulletin application based on the spots and iROS system. 
If iROS is used during a conference, or lecture participants possibly want to communicate locally, 
or send messages and information, to the participants, or sign a digital participation list, without 
interrupting the speaker. 
ParLect is a system provides location aware tool for collaborative note-taking, typically for 
students attending a lecture. The students are located at the lecture they attend by the spots system 
and can post notes to different slides, presented. The slides with the common notes are then made 
available to the students from the web. 
Hide-and-Seek, a computer based game, played by two players. One player in the game will be 
seeker whose task is to locate a hider, which is the second player in the game. Both of the players 
have their own laptops in their hands and the spots system is used to locate the players. A 
playground (or area) of pre-defined spots need to be prepared. 
Authentication: to become sure that the right person logging in into iROS, both the user and his 
laptop should be inside the interactive room. This system makes the authentication and discovery 
more reliable - using Spots system for laptops as 1st level (location based) authentication, and 
RFID tags for users as 2nd level authentication. 
iMeeting is considered to be setup in student areas, to support two or more students to compare 
their schedule for some particular time. When they show up in the area their schedule show up 
and so they is able to find out if, they have some common free time in their schedule for 
arranging a party or any collaborative activity. 
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Appendix B Physical Cursors sample applications 
We particularly wanted to exemplify and explore the capabilities of the Physical Cursors 
and how it could be applied to activities and applications used in an interactive meeting 
spaces. Particularly we explore physical widget alternatives, as user interfaces to control 
some central supporting software tools of the iROS/Teamspot software infrastructure for 
interactive meeting space activities. In this appendix, some detailed descriptions of the 
Physical Cursors sample applications (Physical File-and-Data Widgets, Physical Pointer-
Redirection Widgets, and the Physical Authentication widgets) are provided. For each of 
them an overall introducing motivation, a detailed usage description, and a description of 
concerned technical details are provided. A description and downloads of the sample 
applications, and the Physical Cursors platform can be found at: 
http://www.dsv.su.se/~johanm/physical_cursors/  

B.1 Physical File & Data Gateway Widgets 
Physical Cursors based prototype application, to support multi-device direct manipulation 
for copying and moving files and data between different devices, as a physical 
manipulation alternative to the CrossWarp and CrossPaste functionalities in 
iROS/Teamspot. The expected concept of this physical widget sample application is 
introduced in section 7.4.1 Additional technical requirements and goals for this example 
application are: 

- Provide a visible alternative and a social protocol for coordinating and managing 
the sharing of digital media and information.  

- Provide a multi device direct manipulation tool for addressing and selection of 
devices without the demand of providing and keeping track of the used “screen-
names” or IDs for every device. 

To support information exchange, through the Physical Cursors we envisioned an 
alternative to the Copy & Paste operation in a GUI, by associating content to a physical 
token, and passing that (copying) token between devices. To identify the multi device 
direct manipulation, corresponding to the moving of some file or data a sensor must 
detect labels identifying the device id of a source device. A target device and the physical 
file & data transport service identifier must also be detected by the sensor. In addition, a 
software mechanism to select the particular file or data is needed. The following steps 
describe an example of the principal manipulation (of physical widgets, using a handheld 
RFID proximity sensor): 

1. Attach the RFID-tagged (object or card) identifying the application for copying 
and moving files and data between different devices (application tag) on a RFID-
sensor 

2. Move the reader (with this application tag attached) to also scan a RFID-spot 
attached to (and representing) the device where the file or data that you want to 
move or copy currently is residing (stored), the source device. 
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3. As the application tag is associated with some source device an application is 
launched on the source device – that supports association of the file or data to be 
moved (association service), e.g. as illustrated in Figure 7.7 (d). 

4. Now the file or data is associated with this particular application tag. 

To move, and make the file or data appear on some target device, continue with the 
following steps: 

5. Attach the particular application tag (identifying the application for copying and 
moving files and data) associated with the file or data to be moved (in step 3) to 
an RFID-sensor 

6. Move the reader (with the application tag attached) to also scan a RFID-spot 
attached to (and representing) the device where you want to show (or move the) 
file or data associated with the application tag (target device). 

7. The file or data is transferred over the network to be launched (and showed or 
moved to) on the target device. 

8. In addition, the association service (mentioned in step 3) is launched (on the target 
device too) to enable association of some other data to the application tag. 

This manipulation makes a selected file and data associated with some physical token. By 
associating the physical token with another (target) device, the selected file or data move 
to the target device. Here we needed to define matching policies and application domain 
conventions for the capturing of this physical manipulation. In addition, we needed adapt 
some service and apply these matched attributes to support such re-direction of 
keystrokes and mouse events. 

Some modification of the existing iROS/TeamSpot applications was done. As a first 
attempt, we made an application that made use of the existing Multibrowse droplet, 
iROS-Teamspace implementation as the user interface for the association of files and 
data to the physical tokens. Major struggles, according to our intentions, both from the 
technical perspective of the underlying implementation but also from a UI design 
perspective were met. Therefore, we designed and implemented a new user interface for 
this purpose, where we only relied partially on the existing Multibrowse implementation 
for transferring, notification and launching of moved files and data. The designed UI, just 
provided a drop-area, showing up (at the edge, on the screen, typically beside the tag also 
identifying the device) temporarily when a copying token is associated with a particular 
device. We also defined some control messages for this Physical file and data gateway UI. 
Table B.1 summarizes the format of the physical file & data-gateway control messages 
for the selection of a particular device. With the implementation of the file and data 
gateway, a modified version of the iClipboard implementation, supporting selective copy 
& paste, that not overrides the content of the clipboard buffer of all devices. 
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Table B.1 This table corresponds to the unique fields of the event (control message) corresponding to 
the implemented file & data transfer mechanism. 

iROS/Teamspot (CrossWarp & CrossPaste) supports a message protocol, based on the 
Event Heap to support transfer of files and data between devices. In admission, a message 
protocol has been provided for the custom designed file and data gateway user interface, 
for association and communication of files and data associated with identified physical 
tokens, supported by the iROS/Teamspot applications for sharing files and data. 

The required attributes and the label matching policies for the Physical File & Data 
Gateway Widgets, template service (spots.client.iros.services.CopyPaste) are summarized 
in Table B.2. The template service post (“CopyPaste” control) messages to the local 
Event Heap when an attribute matching for physical gateway (file and data) token is 
associated with a device in the room. This result in making the physical file and data 
gateway service to:  

- If there is any content previously associated with the particular identified token, 
by some other device (physical widget) the content is CrossWarped or 
CrossPasted (depending on the content) to the selected device. 

- Launch the association service (the physical gateway) UI on the selected device. 

Table B.2 the attributes and the label matching policies for the Physical File & Data Gateway 
Widgets, template service. 

Key Value type Value 
EventType String “CopyPaste” 
Device String <device screen name> 
TokenID Long <RFID (64-bit) identifier> 
TokenName String <The default spot “Name”-label> 
ActionTimeStamp Long <timestamp (64-bit)> 

Key Value Policy and Description 
“spots.service.
ServiceID” 

“spots.client.iros.serv
ices.CopyPaste”  

This URI identify the service template 
implementation 

Name The name identifying 
the particular 
physical widget  

This is the default, spots name label, identifying the 
particular instance (token) of a copy and paste service 
tool. This is the Name label of the same tag as the 
service id label (spots.client.iros.services.CopyPaste) 

“iROS-Session 
ClientID” or 
“iROS-Session 
ServerID” 

The iROS screen 
name of the selected 
device 

This attribute identifying the selected device  

“iROS-
LocalEH 
Adress” 

The IP/network name 
of the local event-
heap. Commonly 
already discovered 
and matched before. 

The event coordination server, for control messages 
and distribution of mouse and keyboard events. This 
label is possibly associated with all iROS-
SessionServer devices in the room. This label is also 
a local resource used by all locally used services in 
this interactive meeting space application domain.  
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B.2  Physical Pointer Redirection Widgets 
Physical Cursors based prototype application, to support multi-device direct manipulation 
for keystroke, and mouse re-direction, as a physical direct manipulation alternative to the 
point-right functionalities in iROS and Teamspot. The expected concept of this physical 
widget sample application is introduced in section 7.4.2 Additional technical 
requirements and goals for this example application are: 

- Provide a visible alternative and a social protocol for coordination of control the 
individual manipulation of the shared screens, through pointer redirection 
applications. 

- Provide a multi device direct manipulation tool for managing selection devises to 
use (and re-direct mouse control and key-strokes from) and control selected 
shared devises with. 

To re-direct the keyboard and mouse pointer of a iROS Session Client (pr-source), to a 
particular iROS Session Server (pr-sink)  a sensor need to detect labels identifying the 
screen names of the pr-source, the pr-sink, and the pointer redirection service identifier. 
The manipulation (with physical widgets and RFID sensors) as we considered can be 
described in the following steps:  

1. Attach the RFID-spot identifying the pointer redirection application (application 
tag) on a RFID-sensor 

2. Move the reader (with this application tag attached) to also scan a RFID-spot 
attached to (and representing) your laptop with the RFID-sensor.  

3. Move the reader, (still with the application tag attached) and scan a RFID-spot 
attached to (and representing) a shared screen that you would like to control. 

4. Use your laptop, to type and control the mouse pointer of the selected shared 
screen. 

This manipulation makes the keystrokes and mouse movements of your laptop redirected 
to the selected shared screen. Here we needed to define matching policies and application 
domain conventions for the capturing of this physical manipulation. In addition, we 
needed adapt some service and apply these matched attributes to support such re-
direction of keystrokes and mouse events. From some implementation notes and through 
some testing and experimenting we found that there existed such control messages for 
point-right, the iROS/Teamspot pointer re-direction application that we have been used. 
Table summarizes the format of the point-right control messages for the selection of a 
particular screen. 

Point-right supports a message protocol, based on the Event Heap. Events can be posted 
to the Event Heap to control point-right (the mouse and keyboard re-direction 
application) to select and switch target displays (servers) for any point-right service 
configured to share its pointer (source or client), as specified in Table B.3. 
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Table B.3 corresponds to the unique fields of the control message that makes point-right switch to 
control a selected “Screen”. The “InputSource” and “Screen” fields apply to the example in Figure 
7.3 

The required attributes and the label matching policies for the Physical Pointer 
Redirection Widgets, template service (spots.client.iros.services.PointerRedirection) are 
summarized in Table B.4. The template service implementation post such (point-right 
control) messages to the local Event Heap when an attribute matching for switching a 
target display is satisfied. As the point-right application already supported these control-
mechanisms, no further modifications or configurations of the point-right services 
running on the used host devices in an interactive meeting space was needed.  

Table B.4 The attributes and the label matching policies for the Physical Pointer Redirection Widgets, 
template service. 

B.3  Physical Authentication Widgets 
Physical Cursors based prototype application, to support multi-device discovery, 
selection and authentication for interactive meeting space locations, as a physical direct 
manipulation alternative to the room based authentication mechanism in Teamspot and 
Teamspace. This Physical Cursors alternative provide physical, visible and accountable 
direct manipulation of devices (and physical widgets) that is discovered, by their physical 
appearance in the  shared physical space. The existing GUI based discovery and 
authentication mechanism requires selection from a list of interactive meeting space 

Key Value type Value 
EventType String “PR2Input” 
Type String “JumpToScreen” 
InputSource String <source, controlling device> “keyboard1” 
Screen String <server> “PDA1” 

Key Value Policy and Description 
“spots.service.
ServiceID” 

“spots.client.iros.services. 
PointerRedirection”  

This URI identify the service template 
implementation 

“iROS-Session 
ClientID” 

“keyboard1”, as in the 
Figure 7.3 example or 
your used iROS screen 
name 

This attribute identify your source device (aka. 
“InputSource”, in the pr control message)  

“iROS-Session 
ServerID” 

“PDA1”, From e.g. 
Figure 7.3, the screen 
name of the selected 
(shared) screen 

The target device to be controlled, (aka. “Screen” 
in the pr-control message). The origin (RFID-
spot) of this label is not supposed to be the same 
as for “iROS-SessionClientID” and should also 
have a newer timestamp 

“Iros-LocalEH 
Address” 

The IP/network name of 
the local Event Heap. 
Commonly already 
known and discovered by 
the sensor host before 

The event coordination server, for control 
messages and distribution of mouse and keyboard 
events. This label is associated with stationary 
(Session Servers) devices (same RFID-spot as the 
“iROS-SessionServerID”). This label is also a 
local resource used by other local services in the 
same application domain  
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locations. A client based, room dependent authentication mechanism, is provided, where 
a password is provided and displayed at a residential shared (session server) display. This 
room public, client specific password, is re-typed at the client host to fully connect and 
authenticate the client software. The expected concept of this physical widget sample 
application is introduced in section 7.4.3. 

To discover, select, authenticate and connect an iROS Session Client, to a particular 
(iROS) interactive meeting space, we particularly need to find out, select and be able to 
connect to the local Event Heap address. As long as the client of consideration also has a 
sensor connected (a sensor host) discovery demands a sensor to scan the tag from a local 
stationary (Session Server) device, with an “iROS-LocalEHAddress” label associated 
(Local Sensor Authentication). But if our Session Client not is connected directly to a 
RFID-senor, just having the RFID tag attached (see Figure 7.4) basically just associated 
with the “iROS-SessionClientID” screen name, some more concerns need to be taken. 
This as we not some other way to identify the address of the local event-heap, for this 
case we have worked out a Shared Sensor Authentication mechanism. In any of the cases 
we want a similar procedure of manipulation to connect and authenticate to a interactive 
meeting space. The manipulation (with physical widgets and RFID sensors) as we 
considered can be described in the following steps:  

1. First make sure that the session client software service is started and in a ready to 
connect mode on the device that you want to connect to the interactive meeting 
space. 

2. Attach the RFID-spot identifying the Authentication application (application tag) 
on a RFID-sensor 

3. Move the reader (with this application tag attached) to also scan a RFID-spot 
attached to (and representing) your laptop (the session client to get connected 
from) with the RFID-sensor.  

4. Next move the RFID-reader, (still with the application tag attached) from your 
laptop and over to scan the tag of one of the other, session servers, or already 
connected and authenticated devices in the interactive meeting space. 

5. By this manipulation your device will discover, select, authenticate and connect 
the Session Client software to the interactive meeting space (and its local event-
heap) and you will be ready to use the software, with the other physical widget 
examples (or as usual, through GUI’s) 

Here we needed to examine some details, and make some modifications to the existing 
client based authentication mechanism. When a session client has discovered the network 
address for the local event-heap (that has been selected from a list) the authentication 
mechanism, (for Teamspace) makes the (Session) client software generate a password, 
and post it be displayed at a residential shared (session server) host display. The room-
public password is then re-typed at the client host and compared with the generated 
password before it connects and fully start up the session client software. Here we needed 
to modify that mechanism to allow the RFID-sensor based discovery, selection and 
authentication. We also needed to implement two different discovery and authentication 
mechanisms, local sensor host authentication and shared sensor host authentication.  
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For the local sensor host authentication, we just need a matching policy for discovering 
the local event-heap server that is associated as a label for all the tags attached on the 
stationary session server devices.  

For the shared sensor host authentication we needed lookup service to find out in what 
interactive meeting space the (RFID-tag attached to the) device we want to connect has 
been seen. For this, we have labels associated with all session clients, that correspond to a 
notification service template and the network address were these notifications is posted. 
Here we need a matching policy for the sensor host, that is connected, and know the local 
event-heap address (either from a local sensor host authentication, or as a session server) 
to post a notification to the notification server when a session client tag is scanned. For 
this notification/lookup service another event-heap, running on the specified host can be 
used. 

As a shared sensor host discovers its name from a notification on the lookup-service it 
also discovers what interactive meeting space, and what local event-heap to connect to. A 
(Shared Sensor Host) verification can be done by a waiting and checking that the sensor 
host is connected to the discovered event-heap by matching the source device value of the 
notification message with any of the events (i.e. state-beacons) posted on the discovered 
local event-heap. 

Table B.5 Notification posted to the lookup service. 

Some modifications of the TeamSpot client connection and authentication mechanism 
was needed, to enable connections through external (certified) notifications. The 
notifications are sent by the service template on a successful matching of attributes for 
connection of a client.  There are two types of authentication notifications supported, 
Local Sensor (host) authentication and Shared Sensor (host) authentication. For Local 
Sensor authentication, a local, internal notification message (with the discovered local 
event-heap address) is sent to the connecting session client application. For the Shared 
Sensor (host) authentication, a message is posted to a public lookup server, by an 
authenticated and connected sensor host. When a session client discovers the notification 
about its current location it connects to that interactive meeting space. 

The required attributes and the label matching policies for the Physical Authentication 
Widgets and the client locator notifications template services 
(spots.client.iros.services.iROSSessionClient, 
spots.client.iros.services.PublicEHNotifyer) is summarized in Table B.6. 

Key Value type Value 
EventType String “ClientLocatorEvent” 
iROS-LocalEHAddress String <local IMS eh server address> 
iROS-Locale String <used name for the IMS locale> 
iROS-SessionClientID String <session client screen name> 
NotificationSpotId String <session client tag ID> “0x”… 
SourceDevice String <network name of the authenticated 

sensor host, default (auto-set) event field> 
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Table B.6 the attributes and the label matching policies for the Physical Authentication Widgets, i.e. 
local and shared host authentication and template services. 

 

Key Value Policy and Description 
spots.service. 
ServiceID 

“spots.client.iros.services.
iROSSessionClient”  

This URI identify the authentication service 
template implementation 

iROS-
SessionClient 
ID 

The iROS screen name of 
the selected session-client 
device 

This is the name associated, with the tag attached 
to the device you is trying to authenticate and 
connect to a interactive meeting space 

spots.service. 
ServiceID 

“spots.client.iros.services.
PublicEHNotifyer” 

This URI identify the public notification service 
template implementation 

Public 
NotificationEH 

The public 
lookup/notification 
servers network address 
(i.e “l585.dsv.su.se”) 

This is the network address to the 
notification/lookup service. A notification 
message that this session client (screen name) 
want to connect to the local event heap will be 
posted. 

iROS-LocalEH 
Address 

The IP or network name 
of the local Event Heap 

The local event-heap server address. In the case 
of local sensor (host) authentication, this Session 
Client will be connected to this identified event-
heap address. 
In the case of a shared authentication this label 
should already been matched. 
This label is associated with stationary devices in 
the room, i.e. the same RFID-spot as the “iROS-
SessionServerID”. This label is also a local 
resource use by all locally used services in this 
interactive meeting space application domain.    
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Appendix C Design decisions and processes  
  Description Date / RQ 
V 1 IMS@Electrum (Werle et al 2001) (Tipple & FileStarter) 2001 
R 2 Multi device manipulation and selection RQ1 
R 3 Multi device manipulation and sharing RQ2 
V 4 iLounge opening (Picador Photo Sorter, Tipple & FileStarter version)  2002-04-18 
R 5 Configuration and turning everything on (and off) manually RQ3 
U 6 Feel Project study 1: , Raven matrix (collaborative image sorting – 

picador) 
2002-05-22 
2002-06-19 

U 7 iSpaces project study: (Maria) 
Cannot find any results, or remind me the setup, right now. 

2002-06-05 
2002-06-13 

R 8 Naming conventions and consistency (IP,DHCP and DNS policies, 
service names, user names, user friendly names) 

RQ4 

R 9 Service GUIs and maintenance of correlations to spatial, physical 
organization (Photo Sorter) 

RQ4 

R 10 Additional networking issues, wifi access, network administration  
R 11 Versions, profiles, upgrades, compatibility/rollback RQ4 
U 12 Demo, Tony Blair & Göran Persson 2002-09-04 
U 13 Fasade Project study: (David & Sussi) 2002-09-18 

2002-10-15 
V 14 iwork services permanently installed after a three months trial and use 

within the iSpace project 
2002-07-19 
2002-10-31 

R 15 Awkward or unclear space models (particularly point-right v1) RQ4 & RQ5
V 16 Room start-up through web and WAP interface 2002-07-31 
U 17 Video-link to Gothenburg (DC-jamboree) 2002-10-01 
V 18 Room startup & shutdown with iButtons installed 2003-01-16 
V 19 Work Space Navigator installed 2003-01-23 
U 20 iSpace Project Study: (Hillevi & Maria) 2003-03-17 

2003-04-04 
V 21 X10 light & curtain controls installed  2003-03-31 
R 22 Lagging, delay and feedback RQ5 
U 23 Fasade Project: Study: with the ACAS project meetings 2003-04-14 

2003-06-18 
V 24 PointRight 2 (parallel installation with old version) 2003-05-14 
R 25 Troubleshooting repair (simple and manageable guides and 

procedures) 
RQ4 

V 26 Magic Bowl, demo version (sensory course) 2003-06-01 
V 27 iSpace Retreat 4 2003-10-17 
U 28 Kid’s-group workshop 2003-10-27 

2003-10-30 
V 29 Meeting Machine spaces on floor7  2003-11-1 
V 30 Magic Bowl and PatchPanel permanently installed 2003-12-15 
U 31 DEKAL Project: regular workshops 2004-01-21 

2006-02-21 
V 32 iROS Manager released and installed 2004-02-01 
V 33 iLounge restart and repair HOWTO  2004-02-01 
V 34 Capture, storage and recall - State and Session Handling for IMS 2004-02-01 
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Technical study (thesis-project) 2004-06-01 
R 35 Client application upgrades and versioning RQ4 
V 36 iROS/Teamspace client download and installation instructions for 

iLounge  
2004-03-08 

V 37 Teamspace deployed in a number of meeting locations at floor 7  2004-03-08 
U 38 iSpace Project Study: (booked for arbitrary student projects) 2004-03-29 

2004-06-02 
U 39 FEEL Project, iLounge study (Jennie’s MA-thesis) 2004-06-01 

2004-06-15 
U 40 iwand pointing-redirection test deployment 2004-08-10 
U 41 E-Meeting Platform Project: regular project meetings 2004-10-18 

2005-10-24 
V 42 WGLN-I/iSpace Final workshop 2004-10-25 
U 43 DEKAL Project Study 2004-11-15 

2004-11-18 
R 44 Client application installation and configurations RQ4 
R 45 Client configuration and profiles (concerning different interactive 

meeting spaces instances, activities and customizations) 
RQ4 

U 46 Mechanics KTH 2005-01-25 
2005-03-15 

U 47 CSCW course assignment 2005-02-02 
2005-03-01 

V 48 Location aware iROS v1 (UC course 2005, Version or Use?) 2005-03-01 
2005-05-15 

V 49 Teamspace installed and configured for iLounge 
WGLN bridging, investigating improvements and supporting 
configurations for the use of the bowl  

2005-04-01 
2005-05-15 

U 50 Fasade Project Pilot Study: Tangible Meeting Manager Demo/Study 
deployment 

2005-06-15 

V 51 KTH Forum Library TeamSpace deployment (floor 4) 
MA-thesis Comstedt and Larsson  

2005-09-01 
2006-01-01 

V 52 Location aware iROS v2 (UC course 2006, Version or Use?) 
See Appendix A 

2006-03-01 
2006-05-15 

U 53 Physical Cursors Deployment Demos (and Study) 2006-05-01 
2007-06-01 

V 54 Location aware iROS v2 (UC course 2007, Version or Use?) 2007-03-01 
2007-05-15 

Table C.1 Gives an overview of the activities, development and observations within iLounge. 
Extracted from the ilounge mailing list archive (http://mail.ssvl.kth.se/mailman/options/ilounge, 
visited and available until March 2007) and the booking list for ilounge 
(www.dsv.su.se/~johanm/thesis/iLounge.xls). The Categories R, V and U stands for Reflections 
(observations and problems), Versions (or development) and Use (studies). 
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Table C.2 Summarizes the design process and decisions resulting in the Pointing interaction concept.   
The design was initially emerging out of, some early designs and experiments with interactive 
meeting spaces. A major goal initially was to achieve physical service discovery and selection. 

 Line of sight selection and visibility of action (Pointing) Date/observation 
1 Iwand, initially targeting basic line-of-sight selection of discrete physical 

devises and locations (e.g. for a universal remote application). 
Table C.1, R2 

2 Initial prototype, a Linux and IrDa laptop, with a matrix of photo sensors 
on a lab-board 

Summer 2001 

3 Second prototype, solar panel as photo sensor, and an iPaq as pointing 
device, developed during a Disappearing Computing troubadour. 

Summer 2002 

4 Demonstration of a PDA based version, fetching web forms and sites 
associated with physical pointing targets at the Disappearing Computing-
jamboree Gothenburg. 

September 2002 

5 The spells a generative metaphor, conceptualizing physical interaction, 
particularly inspired and developed as a continuation of possible 
manipulations for the iwand.  The spells initially targeted four categories 
of manipulation (Service-selection, Information-and-guidance, moving-
and-translations and sequential-selection-gestures). 

Table C.1, R3, 
R8 

6 Moving-and-translation (pointer-redirection), example implemented and 
tried out in iLounge. 

Autumn 2004 

7 The sequential-selection-gestures was dropped from the spells and 
emerged with moving-and-translation, providing a more application 
oriented perspective of sequential selection as moving for moving digital 
data and references between different appliances. 

Autumn 2004 

8 Further development of the technical solution was abandoned. Reached a 
Technical proof-of-concept, but lacking of faith and resources for an 
improved, reasonable cheap and stable implementation. 

Spring 2005 
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Table C.3 Summarizes the design process and decisions resulting in the Placing interaction concept. 
The design was entirely carried out within iLounge, particularly to solve the struggles of getting the 
environment up and running with a configuration supporting the different activities and to turn the 
room off smoothly.  

 Stateful toggling of selected combinations of services upholding 
visibility of state and action (Placing) 

Date/observation 

1 To reach a simple way of getting the room started, configured in different 
modes and turned off a number of services for controlling the room over 
the network were deployed 

Table C.1, R5 

2 With the iButtons (Ballagas et al., 2003) we provided scripts for 
controlling compilations of services also from scratch by a simple button 
press. 

Table C.1, V18 

3 Due to lacking feedback and delay (e.g. in devices controlled by the 
services) users seemed to press the buttons several times. This causes 
even more lag or uncontrolled toggling behavior of the controlled 
services and devices. 

Table C.1, R22 

4 The initial version of Magic Bowl provided selection of a few alternative 
configurations for starting up the room. This version was developed 
within a graduate course on design of sensor systems. As a selected item 
was placed and detected in the bowl the room started-up with a 
corresponding configuration. As the item was removed, the room was 
turned off. 

Table C.1, V26 

5 To provide more flexible configuration a second version of the Magic 
Bowl where deployed, enabling several items to be detected within the 
bowl at ones, and using a GUI tool to manage different configurations 
(Ballagas et al., 2004). 

Table C.1, V30 

6 Some additional technical experiments were carried out to further 
improve flexibility, and ease of managing configurations. One system for 
capturing and accumulating the result of applied changes to be associated 
with a new item and recalled later. Other experiments were concerning 
how the result of a combination of physical items can be combined and 
associated with a separate item. 

Table C.1,  
V34 & V49 

7 The Magic Bowl has been permanently deployed and used, particularly 
to start up and shutdown the room with a default setup, a few additional 
demo configurations have been available and sporadically used. 

2004 – 2007 
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Table C.4 Summarizes the design process and decisions resulting in the touching interaction concept. 

 Hands-on selection and combination of services and visibility of action 
(Touching) 

Date/observation 

1 Technically a (more realizable) continuation of the spells (pointing) 
concept, but based on available OEM technologies (RFID) proximity 
sensors (touching) as alternative to line-of-sight pointing. 

Table C.2, 8 

2 Initially designed example applications were Patcher (Fernaeus & 
Tholander, 2006 ) and Tangible Meeting Manager. 

Fall 2004 
Table C.1, U50  

3 Not only sequential selection and association, objects can also be 
physically combined (stacked) and touched. 

Table C.2, 5 

4 Simple and minimal models associating sensor reports of identified 
objects with corresponding digital attributes (ideally user manageable). 

Table C.1, 
R8, R15 & R45  

5 Spatial associations of different physical objects managed offline and 
physically directly. 

Table C.1, U53 

6 Physical Cursors provide the functionality to select physical objects, 
select and apply a selected tool to manipulate the selected object. This 
provides an off-screen manipulation model with the versatility of the 
onscreen mouse cursor, for physical and multi devise interaction. 

Integrated 
implementation 
of platform 
Spring 2006 

7 A number of example (demo) applications corresponding to the Select & 
Connect, Sharing Data and Sharing Control application areas were 
designed and deployed in iLounge. 

Spring 2006 

8 A few demo and test use sessions have been carried out in iLounge Summer 2006 
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Table C.5 Summary of the evolution of the offline spatiality concept, particularly out of the Touching 
concept but also contrasting the Placing concept. 

 Spatial manipulation and organization, without the need of maintaining 
complex models and constant detection of the overall physical space 
(Offline Spatiality) 

Date/observation 

1 Contrasting to the concept of Placing, not all manipulations of devices 
and physical object, and their physical state necessarily need to be 
constantly sensed. 

 

2 Spatial associations of different physical objects can be managed offline 
and physically directly, without the upholding of inter-relational digital 
models of devices in the physical space. 

 

3 Much physical manipulation implies spatial, organizational and social 
meaning that neither can or is meaningful to trace and interpret 
consistently. 

 

4 Continuing on the touching concept and Physical Cursors the initial and 
illustrative scenarios and examples assumed that every physical 
representative of a device was physically attached to the corresponding 
device. Much of the services and devices still benefit from being easily 
reached from your seat and spatially organized. Most of this organization 
can still be managed directly physically and socially, directly handed out 
or laid out as they is used.  

Prototyping and 
design 
discussions 
Spring 2006 

5 Within the limited test use, indicated that the interest to move around 
physically to get in control of a shared resource. Roles or practice where 
a shared screen became a shared display individually controlled by one of 
the participants was taken on. 

Summer 2006 

6 If the setup had been properly installed for all participants, with a more 
production, than talk oriented activity the collaboration, the tangible 
manipulation and organization, towards negotiation, coordination and 
organization of shared resources probably would have been more active 

Reflection 
Fall 2006 


