
A quick investigation of the term ambience finds definitions such as “sur-

rounding (on all sides...),” “encircling,” or “completely enveloping.” Ambience

is sometimes described as a “special atmosphere or mood created by a partic-

ular environment often combined with some form of excitement.” Ambient

music is an atmospheric and ruminant version of electronic music. Brian Eno,

for example, in his album “Ambient1: Music for Airports” tried to develop

enjoyable music for people passing through, as well as for people waiting.

What an example of user centeredness and user experience orientation!

Over the last few years, ambient intelligence has developed into a leading

vision of the European Technology Research & Development program (the

IST—Information Society Technologies). According to this program, humans

will be surrounded in an ambient intelligence environment by intelligent inter-

faces supported by computing and networking technology embedded into

everyday environments and objects. Ambient intelligence defines a set of

user-centered criteria for upcoming interaction environments.

Ambient intelligence has to be driven from the HCI perspective to

achieve optimal user experience. The question, “What are the key ingredi-

ents of natural intelligent interaction?” has to be intensively investigated in

much more complex contexts than before. In this special issue of <interac-

tions> we have assembled a collection of articles to give an overview of

ongoing endeavors and existing viewpoints in this field. We cover different

viewpoints both from industry and research to introduce emerging AmI pro-

totypes and environments. Every article delivers its own interpretation of

ambient intelligence. 

Ambient Intelligence faces a lot of challenges. Among these are: 

• the social implications of AmI environments

• the different potentials of AmI to enrich our lives

• aspects of privacy and trust 

• characteristics of different AmI interactions 

• how much intelligence people are willing to accept

• the different dimensions of the term ambient

• the design of future interaction spaces and intelligent artifacts

• factors of user experience for implicit interaction

• existing and emerging AmI application areas and scenarios

• the connection of AmI concepts to physical 

spaces where it happens

Some of these issues are discussed in the following articles. Ambient

Intelligence environments are already prominently placed into the agenda of

the HCI field. We need to be a central part of future developments in AmI.
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IT SEEMS LIKE A PARADOX but it will

soon become reality: The rate at which

computers disappear will be matched

by the rate at which information tech-

nology will increasingly permeate our

environment and determine our lives.

This notion of the “disappearing com-

puter” [5] is one of the starting points

that determines our work. Another one

is the shift from information worlds to

experience worlds. This was a conse-

quence of our work on innovative office

environments where we explored the

range of social processes that should be

supported with information technology

and the shift to a new application

domain, i.e. games and entertainment



in the context of home environments.

The Disappearing Computer.

The increasing ubiquity of computers

and related devices (e.g., sensors) and

their diffusion into our environment

requires a rethinking of the complex

interplay between technology and

humans. The often quoted observation

by Mark Weiser, “The most profound

technologies are those that disappear.

They weave themselves into the fabric

of everyday life until they are indistin-

guishable from it,” [9] set the stage for

the vision of an unobtrusive, calm tech-

nology. Since then, the effort to make

technologies disappear into the back-

ground has been an ongoing endeavour

involving a series of international initia-

tives and innovative program. One

prominent example is the proactive ini-

tiative “The Disappearing Computer”

(DC) launched and funded by the

“Future and Emerging Technologies”

strand of the IST programme of the

European Commission (www.disap-

pearing-computer.net).

As computers disappear from the

scene, become invisible, and disap-

pear from the perception of the users

[5], a new set of issues is created con-

cerning the interaction with comput-

ers embedded in everyday objects

resulting in smart artefacts: How can

people interact with invisible devices?

How can we design implicit interac-

tion for sensor-based interfaces? How

can we design for transparency and

coherent experiences? One way of

tackling these problems is described

in the following examples. It is charac-

terized by returning to the real world

as the starting point for design and

trying to exploit the affordances that

real-world objects provide.

From Information Design to

Experience Design. Our initial work

on innovative office environments

focused on support for “productivity-

oriented” processes and was reflected

in the design of so called Roomware®

components (see Figure 1) as, for

example, large interactive walls and

tables [4, 8] and innovative multi-user

interfaces and software support for

brainstorming in electronic meeting

rooms [3]. In these developments, we

speak of the “mental disappearance” of

computers in smart artefacts because

they are not per-

ceived as computers

anymore,  due to

smooth integration,

but rather as “walls”

and “tables” that are

interactive. This is

complemented by

our notion of “physi-

cal disappearance” of

computer compo-

nents due to minia-

turization.

Addressing the

office environment

as an integrated

organization located in a physical envi-

ronment and having particular informa-

tion needs, both at the organization’s

collective level and at the worker’s per-

sonal level, we learned that more

“experience-oriented” processes are

important as well [6]. Examples are

awareness of what is going on in an

environment, team interaction, and

informal communication. This corre-

sponds to an extension and augmenta-

tion of our perception and experience of

the physical and social environment. It

can be reflected in a shift of the focus

from developing not only “information

worlds” but also “experience worlds.”

As a consequence, this requires com-

plementing information design by expe-

rience design. This “experience-orient-

ed” approach is even more prominent

when designing games and leisure

activities for future home environ-

ments.

Different Qualities of Experi-

ence and Perception. In order to

address experience design in a more

systematic fashion, we investigated and

classified the different types of experi-

ences. At a first level, we distinguish

between a) direct experiences using our

human senses and b) indirect and medi-

ated experiences.

Direct experiences are based on per-

ception using the human senses vision,

hearing, touch, respective tactile and

haptic sensation, smell, taste, as well as

the equilibrium sense. The indirect and

mediated experiences can be more com-

plex. Here, we distinguish between per-

ception of “invisible” things, perception

using aggregated parameters, and social

experiences. The latter categories are not

exclusive but have some overlaps.

A typical example of an indirect and

mediated experience of invisible things is
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Figure 1: Second generation of Roomware® components



radioactivity conveyed by the sound of a

Geiger-counter. Other invisible parame-

ters are certain components of pollu-

tion, traffic over computer-networks,

etc. Another aspect is to “look into” real

objects, making them “transparent” and

identify certain internal components or

their ascribed characteristics in a corre-

sponding virtual world (e.g., the “data

shadow” or Web page of a physical

object or the playing piece example

described below). Vice versa, one has

the possibility of assigning real experi-

ences (e.g., haptic and tactile properties)

to virtual objects. Aggregation of param-

eters is used in case of conveying higher

level properties as, for example, the

atmosphere or ambience of a room or

building; activities, moods of situations,

emotions... Finally, we think of social

and group experiences based on commu-

nicating closeness, connectedness,

awareness, interaction, and—at a high-

er level—perhaps even friendship.

The task of experience design is

now to identify the relevant parameters

for a given situation, collect their corre-

sponding raw data, aggregate them—if

necessary—at a defined level and in

some cases map them to an intermediate

representation which is then used for the

final mapping to output/display parame-

ters on the different dimensions that are

accessible to the human senses. This

implies defining certain codes sometimes

involving metaphors that tap the every-

day background knowledge and experi-

ences of people. In the following sec-

tions, we illustrate this by describing

examples of designing different types of

experiences taken from our work.

Communicating Awareness via

Ambient Displays. Our

work on creating smart envi-

ronments for augmenting

social architectural spaces in

office settings is an example

of supporting experience-ori-

ented social processes. The

context was provided by the

project “Ambient Agoras”

(www.ambient-agoras.org)

being part of the EU-funded

“Disappearing Computer” ini-

tiative mentioned above. 

As the guiding

metaphor, we chose the

notion of the Greek “agora”

(marketplace). Here, we investigated

how to turn everyday places into social

marketplaces of ideas and information

where people could meet, interact and

experience the “feeling of the place”

(genius loci). Design recommendations

for the workplace frequently conclude

that informal communication, aware-

ness about ongoing activities in the

local work environment and a sense of

community play vital roles in the work-

place. Teams that share the same phys-

ical environment generally benefit from

increased informal awareness. The situ-

ation changes dramatically when we are

confronted with the situation of remote

teams in physically distributed loca-

tions. In this case, the particular design

goal is to convey the experience of peo-

ple being present in the respective loca-

tions as well as the mood and the

atmosphere. The communicated experi-

ence should provide awareness about

chances for initiating spontaneous

encounters—similar to chance encoun-

ters in the hallway or in lounge areas

where people have coffee or tea. The

support system should facilitate oppor-

tunities for informal communication

that can take several different forms in a

follow-up activity. We concentrate here

on conveying experiences between dif-

ferent locations.

We considered that a smart envi-

ronment based on a calm, ambient

technology would best support the

informal social encounters and com-

munication processes. Ambient dis-

plays exemplify this approach and go

beyond the traditional notions of the

typical displays found on PCs, note-

books, PDAs, and even our interactive

walls and tables. As our version of an

ambient display, we developed the

Hello.Wall for the Ambient Agoras envi-

ronment [6, 7]. It is a 1.8-meter-wide by

2-meter-high smart artefact with inte-

grated light cells and sensing technolo-

gy for identifying people and artefacts.

Figure 2 shows how this “display” facil-
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Figure 2: The Hello.Wall—an ambient display showing
continuously high-quality aesthetic patterns conveying

presence and mood parameters

Figure 3: The Hello.Wall patterns express: 
(a) three different levels of mood and 
(b) three different levels of presence—low,
medium, and high.

(b)

(a)



itates communication via dynamically

changing light patterns. The Hello.Wall

provides awareness and notifications to

people passing by or watching it.

Different light patterns correspond to

different types of parameters. Using

abstract patterns allows distinguishing

between public and private or personal

information. More details can be found

in Streitz, et al. [7].

To evaluate how the Hello.Wall and

its supporting artefacts could facilitate

awareness and

communication

between two

remote teams,

we ran a living-

lab evaluation

between two

sites: our lab at

Fraunhofer IPSI

in Darmstadt,

Germany, and

our project partner’s lab at Electricité de

France in Paris, France. We used

dynamic light patterns to communicate

different types of parameters (Figure 3):

the presence and number of people at

the opposite site, their general mood,

the presence and availability of specific

team members, and their interest in

communicating with the remote team.

The evaluation showed that partici-

pants could learn to identify and inter-

pret the Hello.Wall patterns correctly in

a short period of time. The participants

perceived the Hello.Wall as an appro-

priate means of establishing awareness

of people who were working at remote

sites. We are now applying this knowl-

edge to other domains, including home

entertainment and extended home

environments.

Interactive Hybrid Games.

Smart artefacts also play an important

role in the design of so-called hybrid or

pervasive games. The leitmotif of these

future entertainment systems is to bring

together the best aspects of physical,

virtual, and social dimensions. The

result is a new gaming genre that

blends game elements from all these

dimensions using ambient intelligence

technologies.

No longer is

the graphical

user interface

with mice, keyboards, and joysticks the

primary interaction interface, but play-

ers interact directly with each other and

may use dedicated tangible or graphical

interfaces to interact with the digital

world [1, 2].

In effect, there is a unique set of

experience qualities that characterizes

hybrid games.

Social Quality—Players meet face-

to-face for playing hybrid games and

exploit rich means of communication

including non-verbal hints such as

mimics or gestures. Social dynamics

can emerge much more easily than in

traditional computer entertainment,

where the notion of a

player is only con-

veyed through a

computer display.

Haptic Quality—

Similar  to board

games, the primary

interfaces in hybrid

games are tangible

artefacts such as

smart playing pieces

or game boards. The

hapt ic  qual i ty  of

these artefacts pro-

vides natural interac-

tion means. Add-

itionally, many physi-

cal pieces are nice to

touch, to look at, to

assemble, or to col-

lect (see Figure 4).

M u l t i m o d a l

Stimulation—Multi-

modal stimulation

adds to the immer-

siveness of the gam-

ing experience and

can effectively be real-

ized with an ambient

digital logic. Changing the ambience of

the players to reflect the status of the

game can vastly enhance the atmos-

phere of the gaming experience. The

modes to stimulate are manifold, ambi-

ent light or sound or even creating wind

with a simple fan can add to the multi-

modal stimulation of the players (see
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Figure 4: Physical game boards and playing
pieces conveying haptic qualities

Figure 5: Multimodal stimulation with ambient intelligence technologies

Figure 6: Displaying virtual properties of physical
smart artefacts



Figure 5).

Real-world Parameters—In the

same way as ambient intelligence can

stimulate the gaming experience by

altering physical aspects such as light

or sound, these real world properties

can also provide an input for the virtual

parts of a game. For instance, the back-

ground noise level in a room might

influence how efficiently digital desk

workers in a respective game perform

their tasks. Or the light in a room might

affect how well digital flowers bloom.

Virtual Attributes of Physical

Artefacts——Arbitrary virtual properties

that differ from game to game can be

assigned to physical artefacts. In one

game, an artefact might be associated

with attributes such as intelligence or

dexterity, in another game, certain

behaviours or alignments might be put

into the artefact’s digital representation

providing for context aware enrich-

ments. Even dedicated GUI artefacts

might be used to peek into the physical

artefact and to modify its virtual state

(see Figure 6).

Conclusions. In this contribu-

tion, we presented different examples

of how we designed experiences by

making use of selected parameters and

indicators for processes and other char-

acteristics for situations and objects.

The application domains range from

office environments to interactive

hybrid games.
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THE PHYSICAL WORLD is full of inter-

actions that at first don’t seem to need or

be able to benefit from a computer inter-

face; what scenarios should we expect

for computers in physical world? How

can we sense what is needed and what

are appropriate ways to communicate to

a person? The sink, for example, is an

important site for interaction in our daily

lives. The way we use the sink can

directly affect our safety and hygiene.
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