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Preface

We are proud to present the TAMODIA 2006 proceedings. In 2006, the TA-
MODIA workshop celebrated its fifth anniversary. TAMODIA is an obscure
acronym that stands for TAsk MOdels and DIAgrams for user interface de-
stgn. The first edition of TAMODIA was organized in Bucharest (Romania)
by Costin Pribeanu and Jean Vanderdonckt. The fact that five years later the
TAMODIA series of workshops still continues successfully proves the importance
of this research area for the human—computer interaction community! The first
workshop aimed at examining how multiple forms of task expressions can signif-
icantly increase or decrease the quality of user interface design. This is still the
scope of the current edition; we tried to assemble papers that discuss how the
complexity of HCI design and development can be managed with tasks, models
and diagrams. Much like the previous editions, the selection of papers from the
2006 edition reflects the broad scope of this field, which cannot be labeled with
a single title or term.

The invited paper is by Joélle Coutaz and discusses meta-user interfaces for
ambient spaces. Finding appropriate ways to design and develop user interfaces
for interactive spaces is becoming an important challenge for the creation of
future usable applications. This exciting work gives a good feel of the new type
of user interfaces and the required new approaches we are evolving toward when
we want to realize the vision of ambient intelligent environments and create
systems that can be used and controlled by the end-users.

From the papers included in these proceedings, we can clearly see both fields,
HCT and software engineering, moving toward each other. Techniques from soft-
ware engineering are becoming more popular and tuned for HCI design and
development. Requirements engineering, model-driven engineering, model-based
design and patterns are already familiar in both fields, but differ in notations
and approaches. Established notations such as UML and Petrinets are helping us
link models used in both fields and integrate approaches. In all papers, the end-
user is never forgotten, and the user tasks and context that need to be supported
play a central role.

October 2006 Kris Luyten
Belgium
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Meta-User Interfaces for Ambient Spaces

Joélle Coutaz

Université Joseph Fourier, LIG,
385 rue de la Bibliothéque, BP 53, 38041 Grenoble Cedex 9, France
joelle.Coutaz@imag. fr

Abstract. In this article, we propose the concept of meta-User Interface (meta-
UI) as the set of functions (along with their user interfaces) that are necessary
and sufficient to control and evaluate the state of interactive ambient spaces.
This set is meta-, since it serves as an umbrella beyond the domain-dependent
services that support human activities in an ambient interactive space. They are
User Interface-oriented since their role is to help users to control and evaluate
the state of this space. We present a dimension space to classify, compare, and
contrast disparate research efforts in the area of meta-UI’s. We then exploit the
generative power of our design space to suggest directions for future research.

Keywords: Ubiquitous computing, ambient interactive spaces, design space,
taxonomy, meta-Ul, GUI desktop.

1 Introduction

The capacity for users to control and evaluate system state is fundamental to
Computer-Human Interaction [33]. This principle, promoted in the early 1980’s by
cognitive psychologists and human factors specialists, has actually been applied
twenty years earlier by computer scientists who introduced the concept of Job Control
Language (JCL). JCL, used for batch processing, has been progressively replaced
with the Unix Shell followed by graphical desktops. With the emergence of ambient
computing, users are not limited to the system and applications of a single computer.
Instead, ambient computing embraces a model in which users, services, and resources
discover other users, services and resources, and integrate them into an ambient
interactive space.

An ambient interactive space is a dynamic assembly of physical entities coupled
with computational and communicational entities to support human activities. An
ambient interactive space can be as simple as a workstation or a PDA connected to the
services of the Internet, or as complex as a computational ecosystem that evolves to
adapt to the context of use. Augmented rooms such as FAME [29], iRoom [25], i-
LAND [40] and Dynamo [24], are early examples of interactive spaces where users
meet in a dedicated place to collaborate. With Jigsaw, users can create domestic
services by assembling augmented objects [38]. Coupling two tranSticks makes it
possible to extend a local interactive space to that of a distant machine [1]. An
ambient interactive space can also be viewed as a computational aura that follows
users as they move from place to place [16].

K. Coninx, K. Luyten, and K.A. Schneider (Eds.): TAMODIA 2006, LNCS 4385, pp. 1-15, 2007.
© Springer-Verlag Berlin Heidelberg 2007



2 J. Coutaz

These examples show that, with ambient computing, we are shifting from the
control of systems and applications confined to a single workstation to that of a
dynamic interactive space where the boundaries between the physical and the digital
worlds are progressively disappearing. As a result, the pre-packaged well-understood
solutions provided by shells and desktops are not sufficient [5], and many interaction
techniques are being developed for ambient computing, although on a case-per-case
basis. This ad-hoc approach is adequate for local exploration, but may not provide
sufficient insights to the problem.

In this article, we propose the concept of meta-UI (meta-User Interface) to denote a
kind of interactive system that allows users to control, mould and understand their
interactive ambient spaces. In the following section, we define the notion of meta-Ul
and propose a taxonomic space to understand its nature more precisely. Then, using
this space, we classify, compare, and contrast disparate research efforts in the area of
meta-UI’s to suggest directions for future research.

2 Definition and Taxonomy

A meta-Ul is an interactive system whose set of functions is necessary and sufficient
to control and evaluate the state of an interactive ambient space. This set is meta-
because it serves as an umbrella beyond the domain-dependent services that support
human activities in this space. It is Ul-oriented because its role is to allow users to
control and evaluate the state of the ambient interactive space. In the context of this
article, a meta-Ul is not an abstract model, nor a language description, whose
transformation/interpretation would produce a concrete effective UL It is an over-
arching interactive system whose role is to ambient computing what desktops and
shells are to conventional workstations.

As shown in Fig. 1, a meta-Ul is characterized by its functional coverage in terms
of services and object types. In turn, the services and objects are invoked and
referenced by the way of an interaction technique (or UI) that provides users with
some level of control. An interaction technique is a language (possibly extensible)
characterized by the representation (vocabulary) used to denote objects and functions
as well as by the way users construct sentences (including how they select/designate
objects and functions). Given the role of a meta-UI, the elements of the interaction
technique of the meta-UI cohabit with the UI’s of the domain-dependent services that
it governs. The last dimension of our taxonomy, the integration level, expresses this
relationship.

Functional coverage, interaction technique, and quality, are typical issues to be
addressed when analyzing and designing an interactive system. We have refined these
issues for the particular case of meta-UI’s into a set of dimensions that are discussed
next in more detail.

2.1 Object Types

Objects involved in the services of a meta-Ul may be digital, mixed-by-design and/or
mixed-by-construction. Applications and files are typical examples of digital objects
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Fig. 1. Dimension space for meta-UI’s

manipulated through the services of a meta-UI. Interactors such as windows, pointers,
menus and forms, are other examples of digital objects. They are the conceptual units
of windowing systems, which, according to our definition, are part of a conventional
meta-UI.

A mixed-by-design object is an entity that results from the coupling, by the
designer, of physical entities with digital services. A PDA and a mobile phone are
mixed-by-design objects: the assembly of physical components with digital parts has
been performed by designers beforehand.

A mixed-by-construction object is a mixed object that results from the coupling, by
the end-user, of physical entities with digital service in order for that object to fulfill
its raison d’étre. For example, to function as a pointing device, the physical object
that holds in the hand (called the mouse) must be coupled with the system mouse
driver by the end-user. Similarly, the plastic rabbit shown in Fig. 2 must be coupled
by the end-user to an Internet service (such as time of the day or weather forecast) to
serve as a communicating object.

The distinction between pure digital objects and mixed reality objects is now well
understood. For mixed objects, the situation is still unclear. For example,
Fitzmaurice’s taxonomy applies to a particular type of phicons — the bricks [15].
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Fig. 2. The Nabaztag is a mixed-by-construction object. It results from coupling a physical
plastic rabbit with a set of Internet services. http://www.nabaztag.com

Similarly, Holmquist addresses token-based access to information with the notions of
containers (to move information between different devices or platforms), tokens (to
access stored information), and tools (to manipulate digital information) [23]. Fishkin
structures the problem space of Tangible UI’s in terms of embodiment (to reflect
spatial relationships between input and output), and in terms of metaphor (to reflect
the analogy — or absence of analogy, between the mixed object and the real world)
[14]. In particular, a noun metaphor means that an “<X> in the system is like an <X>
in the real world”, and a verb metaphor, “<X>-ing in the system is like <X>-ing in the
real world.”

Although these taxonomies can be used to refine the notion of object types, they
are limited in scope or serve different purpose. Our notions of mixed-by-design and
mixed-by-construction objects are more generic and make it explicit the capacity (or
incapacity) for end-users to mould their own interactive space.

2.2 Generic Services

Back in the 1960’s, JCL provided end-users with generic services to control jobs
execution and to perform files management. In the early 1980’s, the Xerox Star
introduced additional generic functions such as find, cut and paste, undo and redo.
Starting/stopping the execution of a service, moving and renaming files, cutting and
pasting data, as well as finding, are the basics of conventional meta-UI’s. They are
conceptually valid in ambient computing, but they need to be extended and refined.

In particular, the notion of finding can be extended with that of objects discovery.
Objects discovery is key to building a sound mental model of the boundary and of the
state of ambient spaces. For example, the Speakeasy browser allows users to explore
lists of objects that satisfy some specified search criteria (such as location, object
types, availability, etc.) [32].

Because users are not simply consumers, but the designers and architects of their
own interactive space, because the system must manage resource allocation
dynamically, coupling objects becomes key. Coupling is the act of binding objects so
that they can operate together to provide a new set of functions that these objects are
unable to provide individually [11]. Two ConnecTables can be dynamically coupled
by approaching them close to each other to enlarge the screen real estate [41]. With
DataTiles, users obtain new services by configuring tagged transparent tiles on a flat



Meta-User Interfaces for Ambient Spaces 5

panel display [37]. The analysis presented in [11] shows that coupling raises a large
number of research issues.

Objects discovery allows users (and the system) to be aware of the objects that can
be coupled. By coupling objects, users (and the system) build new constructs whose
components play a set of roles (or functions). In conventional computing, roles are
generally predefined. Typically, the screen of a laptop plays the role of an interaction
resource, and this role is immutable by design. In ambient computing, where
serendipity is paramount, assigning roles to objects becomes crucial. For example, in
the Olympic Café scenario illustrated in Fig. 3, Bob and Jane uses spoons and lumps
of sugar to denote the streets and buildings of the city they are planning together [10].
Bob couples a spoon with the table by laying it down on the table. The system can
then discover the presence of the spoon and assigns it the role of interaction resource.
(The spoon coupled with the system objects tracker and identifier is a mixed-by-
construction object.) Then, by uttering the sentence “this spoon is Street Michel-
Ange” while pointing at the spoon, Bob couples the interaction resource with a
particular digital object known by the system as Street Michel-Ange. By doing so,
Bob assigns the role of token' to the spoon.

S e

Fig. 3. Bob and Jane use physical objects on the table to illustrate their ideas for the layout of
the city they are planning together

One particular role of interest in UI design, is that of input and output interaction
resource. In conventional computing, these resources are connected to a single
computer. In ambient computing, the platform is a dynamic cluster composed (by the
way of coupling) of multiple interconnected computing devices whose interaction
resources, all together, form an habitar for Ul components. Instead of being
centralized, user interfaces may now be distributed across the interaction resources of
the cluster.

Ul re-distribution, i.e. the application of objects re-distribution to Ul components,
denotes the re-allocation of the UI components of the interactive space to different
interaction resources. For example, the Sedan-Bouillon Web site shown in Fig. 4,
whose Ul is centralized on a single PC screen, is re-distributed in Fig. 5 across the
interaction resources of the PC and the PDA. Objects re-distribution and objects
coupling may require object re-moulding.

' Token, as in Holmquist’s taxonomy [23].



