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Abstract 
The paper deals with the awareness of and the 
adaptation to the context in audio-augmented 
environments. Taking into account the rela-
tionship between aural and visual perceptions, 
we focus on the issues and the potential of 
adapting intelligent audio interfaces to aug-
ment the visual real environment. The descrip-
tion of the LISTEN project, a system for the 
creation of immersive audio-augmented envi-
ronments, is taken as showcase; in particular, 
our focus is on the modelling and personaliza-
tion methods affecting the audio design and 
presentation. The outcomes of the preliminary 
tests are reported in order to describe the is-
sues and complexity of intelligent user model-
ling in audio-augmented environments. 

1 Introduction 
The LISTEN project conducted by the Fraunhofer Insti-
tute in St. Augustin deals with the audio augmentation 
of real and virtual environments. The users of this sys-
tem move in space wearing headphones and listen to 
audio sequences emitted by virtual sound sources 
placed in the environment. The audio pieces vary ac-
cording to the user’s spatial position and orientation of 
his/her head. 

At the beginning of July 2003, a first LISTEN proto-
type was applied to an art exhibition at the Kunstmu-
seum in Bonn [20]. The visitors of the museum experi-
ence personalized audio information about exhibits 
through their headphones. In such a scenario, the dis-
tribution and authoring of this valuable information on 
exhibits is a non-trivial task [22]. The audio presenta-
tion takes into account the visitor’s profile. Besides 
presentation, the system provides recommendations to 
the visitor regarding to his/her context. Recommended 
exhibition objects attract the visitor’s attention by emit-
ting sounds from its position. 

Furthermore, the LISTEN environment offers the 
ability to adapt the audio presentation (i.e. the order of 
audio pieces, their content, and sound source) to the 
users’ contexts (e.g. interests, motion, focus, etc.) and 
thus perform personalization. Since the user movement 
in physical space is the only interface, these move-
ments have to be interpreted in order to derive a mean-
ingful interest model of the users.  

This paper aims at describing the main issues in the 
user modelling components that have been employed 
for the personalization of the LISTEN system. For this 

reason we have investigated three different approaches 
that seem to be suitable for our purposes: Content-
Based Filtering Systems [e.g. [1,2]), Collaborative Fil-
tering Systems (e.g. [6,15]) and Context-Aware Systems 
(e.g. [11,16,17]). Furthermore we examined hybrid 
systems (like [3,15]), which combine several ap-
proaches. They are often able to overcome some limita-
tions of pure approaches and improve the quality of 
recommendations. 

Section 2 of this paper gives an brief overview on 
context-aware systems discussing how context can be 
defined and giving an idea about what context is in the 
LISTEN system. A detailed description of the LISTEN 
system is provided in Section 3. The interpretation of 
the users’ context and monitoring of the context’s evo-
lution over time answers the question, why should be 
adapted. Section 4 gives an answer to that question 
from a LISTEN perspective and focuses on what can be 
adapted within an audio-augmented environment. Thus, 
we describe possibilities of combining the order, the 
source (position and motion) and the content of audio 
pieces for adaptation purposes. Furthermore, we pro-
vide an overview on the first evaluation process of the 
LISTEN system in Section 5. 

2 Context-Aware Systems 
By definition, context-aware systems are aware of and 
adapt to the context of the user. Several approaches 
have defined context models and described different 
aspects of a context taken into account for context-
aware systems. For example, Schilit et al. have men-
tioned [17]: where you are, who you are, and what re-
sources are nearby. Dey and Abowd [9] discuss several 
approaches for taking the computing environment, the 
user environment, and the physical environment into 
account. Furthermore, they distinguish between pri-
mary and secondary context types: Primary context 
types describe the situation of an entity and are used as 
indices for retrieving second level types of contextual 
information. In this work we base our context model-
ling approach on the four dimensions of a context 
which Gross and Specht have considered in [11]: 
 
Identity: The identity of a person gives access to the 

second level of contextual information. In some 
context-aware applications highly sophisticated 
user models hold detailed activity logs of physical 
space movements and electronic artefact manipu-
lations and infer information about the user’s 
needs, interests, preferences, knowledge, etc.  



Location: We consider location as a parameter that can 
be specified in electronic and physical space. An 
artefact can have a physical position or an elec-
tronic location described by URIs or URLs. Loca-
tion-based services as one type of context aware 
applications can be based on a mapping between 
the physical presence of an artefact and the pres-
entation of the corresponding electronic artefact 
[10]. 

Time: Time is an important dimension for describing a 
context. Beside the specification of time in CET 
format categorical scales as an overlay for the 
time dimension are mostly used in context-aware 
applications (e.g., working hours vs. weekend). 
For nomadic information systems a process-
oriented approach can be time dependent (similar 
to a workflow). 

Environment or Activity: The environment describes 
the artefacts and the physical location of the cur-
rent situation. In several projects, approaches for 
modelling the artefacts and building taxonomies 
or ontology about their interrelations are used for 
selecting and presenting information to a user. A 
group of people sharing a context is also part of 
the environment (social context), as well as the 
technical context describing which devices are 
used.  

 
Context awareness enhances the possibility to design 
intelligent user interfaces: Their context dependency 
builds a bridge between user and system in order to 
improve the interaction usability. Smart modelling 
techniques are essential to acquire, represent and ex-
ploit context awareness. In particular, context model-
ling includes user modelling as a key issue. User mod-
els can be deduced explicitly or implicitly [12]. In the 
first case, the user states information explicitly, such as 
his/her interests, preferences, skills etc. In the latter 
case, inference techniques based on domain modelling, 
understanding the typical behaviour of similar users, 
and user interaction observation (tracking systems) are 
used in order to draw hypothesis about user interests, 
needs, and plans. Inference systems pose the challenge 
of defining what parameters should be measured and 
how, so as to acquire a complete and useful context 
description.  

The interpretation of the overall context model may 
have impact on a large variety of adaptation targets like 
information presentation, content, modality definition, 
etc. Since the adaptation process is strictly dependent 
on the domain, the LISTEN specific process is de-
scribed in Section 4. 

3 Aural-Visual Interaction: The 
LISTEN Project 

The goal of a ‘Computer Augmented Environment’ is 
to bring computational power to everyday contexts so 
as to enhance a seamless, invisible user interface. In 
order to augment and enhance the everyday life, rather 
than attempting to replace it, the computer systems 
need to be aware of the context [9]. The project we 
describe in this paper is an attempt to make use of in-
herent “everyday” integration of the aural and visual 

perception, developing an immersive audio-augmented 
environment. 

The key idea of the LISTEN concept [8] is to place 
the individual perception of space at the centre of the 
interface design so as to convey an immersive user ex-
perience. By moving through real space users addition-
ally navigate an acoustic information space designed as 
a complement or extension of the real space. Virtual 
acoustic landmarks play an equally important role than 
the visual ones for the orientation of the users in this 
augmented environment. Acoustic labels are attached 
to visual objects, thus affecting the soundscape and its 
perception. Fine-grain motion tracking is essential for 
the LISTEN approach because full auditory immersion 
can only be reached when the binaural rendering proc-
ess takes into account the rotation of the user’s head. 
The users of the LISTEN system move in the physical 
space wearing wireless headphones, which are able to 
render 3-dimensional sound, and listen to audio se-
quences emitted by virtual sound sources placed in the 
environment.  

A first prototype of the LISTEN application has been 
applied for the August Macke art exhibition at the 
Kunstmuseum in Bonn in 2001 (Figure 1). Museums 
and exhibitions as domains have already been explored 
in several research projects. Many of them focus on the 
goal to provide content concerning the artworks [9], or 
to immerse the user in a virtual augmented environment 
built in virtual museums [4], or to provide orientation 
and routing functionalities [5]. The visitors of the pro-
totype experience personalized audio information about 
exhibits through their headphones. In July 2003, the 
first public exhibition is presented in the mentioned 
museum. 
 

Fig. 1.  Image of the LISTEN System Applied at the 
Kunstmuseum in Bonn 

In the following sections we focus on the goals to be 
achieved, the modelling of an audio-augmented envi-
ronment, and on the possibilities of combining the or-
der, the source, and the content of sound items in order 



to retrieve a tailored presentation and provide a 
customized user experienc

 
customized user experience. 
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Combining high definition spatial audio rendering 
technology with advanced user modelling methods en-
ables context-sensitive audio-augmented environments. 
Speech, music and sound effects are dynamically ar-
ranged to form a personalized and situated soundscape, 
offering information related to visual objects placed in 
the scenery as well as creating context-specific atmos-
pheres. In order to seamlessly integrate the virtual 
scene with the real one a sophisticated auditory render-
ing process has to take into account the information 
provided by a very precise user tracking system. This 
tracking system observes the user’s movements and 
delivers his/her current position and head orientation to 
the several modules of the LISTEN system (Figure 2). 
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To present customized information and create aug-
mented environments, such systems have several mod-
els in common [10], described in more detail in this 
section: the world model, the augmentation layer, the 
domain model and the user model. 
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section: the world model, the augmentation layer, the 
domain model and the user model. 
The world model (space model, location model) de-
scribes the physical environment the user moves 
through interacting with the system. In the LISTEN 
environment, the space model contains the geometric 
information of the environment and its visual objects. 
The LISTEN world model is a detailed virtual reality 
based geometric model. It is described as a geometric 
scene graph created by the AVANGO application [19]. 
The AVANGO system is a distributed virtual reality 
framework, which is used for authoring the physical 
domain in LISTEN, for example a museum. 
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The augmentation layer, on top of the world model, 
defines areas (Zones, Segments, Triggers) within the 
world model. By defining zones and segments, the 
user’s focus obtains a valuable meaning and thus, the 
system is able to determine connections between the 
user’s physical position and any physical or virtual ob-
ject that is attached to this location. In Figure 3 we 
show the scenery of the application of LISTEN in a 
museum environment. The zones, which are connected 
to the visual objects placed within the environment, are 
divided into object zones and near fields. The object 
zones are associated with specific sound information 
about their connected visual object from a general per-
spective. The near fields are connected to smaller parts 
of the visual objects and contain more detailed sound 
information. The left hand picture shows an example of 
a sound emerging directly from the painting. The 
LISTEN system also allows the sound sources to be 

placed to certain parts of the painting or to be moving 
around. 
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The domain model holds information about sound ob-
jects and other hypermedia objects by using meta-data. 
The domain model builds up a virtual acoustic space, in 
which the location of virtual sound sources and spaces 
are defined. Stopping in front of a visual object gener-
ates aural information about the art piece. Moving the 
head and body activates a further audio source, where 
music deepens the user’s impressions, or the voice of a 
commentator talks about the artist or describes the pe-
riod the painting originates from. 
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The user model contains knowledge and profile in-
formation about the system’s users. From the user 
modelling point of view, the AVANGO application 
serves as the target application, in which all the adapta-
tion takes place While the user moves in physical 
space, AVANGO sends events to the personalization 
engine, which refines the user model. Furthermore, 
adaptation procedures are executed by AVANGO, in 
order to perform changes within the environment. A 
detailed description of the personalization process can 
be found in the next section. 
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ences, knowledge, and interests. In most cases, the user 
model acquisition is driven by monitoring the activities 
of users concerning the user interface or by an analysis 
of specific device characteristics. In the HIPS project 
[14] the user’s preferences, knowledge, interests, and 
movements in physical space are modelled to achieve a 
better fit of information and the users current context. 
Additionally, nomadic information systems make use 
of localization technologies to adapt to a richer context 
model. Besides the identification of the user’s current 
location, appropriate technologies allow a precise user 
tracking in physical space. 
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amount of annotations for sound pieces respectively 
visual items.  

The enrichment of information items with significant 
meta-information enables the personalization and cus-
tomisation of information offers. We designed a do-
main ontology for the Macke exhibition to enable the 
description of these information items, thus allowing an 
individualized sequencing and presentation of these 
items. Paintings and sound items can be classified into 
this category system with a variety of dimensions de-
scribing the sound items technically and from a stylistic 
point of view. The ontology provides classification 
based on: 

• technical descriptions of the sound items such as 
length of item, type (music, speech, sound effects); 

• the relation to the physical space objects (art objects 
to which an item contributes, physical area zones or 
focuses to which they are connected); 

• phases of work, image genre, or art technical aspects; 
• the preferred target group, like the stereotypical lis-

teners for such a sound item, or the emotional im-
pacts or dramaturgy. 

 
In particular speech sound items could be further 

classified into subcategories like citation, collage, di-
ary, letter, newspaper and others to describe their style 
of presentation. 

The LISTEN user modelling component can build 
hypotheses about the user’s interests and preferences 
based on the time spent listening to certain audio 
streams or on the time spend gazing at a certain part of 
a visual object. 

In our approach the personalization process is di-
vided into four steps: Information collection, model-
ling, controlling and rendering. Each step fulfils a cer-
tain role within the user modelling process. Based on 
these four steps of the personalization process, the 
LISTEN application is able to adapt the scenery in 
various ways. The next subsections describe these mod-
ules in more detail. 

4.1.1 Information Collection 
The utilization of implicit feedback is an important 
issue for the realization of a personalized immersive 
environment. The only information to base the person-
alization process on is the spatial position of the visitor, 
the orientation of the head and some meta-information 
about sound snippets and visual objects. This meta-
description consists of key-value pairs that hold infor-
mation about colours, genre, epoch, etc. (e.g. colour = 
“blue”). A network of sensors is placed in the environ-
ment and connected to variable parameters of the do-
main. These sensors are used for recognizing changes 
within the environment and especially for the percep-
tion of the users’ interaction with this environment. An 
observation module receives all incoming events sent 
by the application. These event descriptions are pushed 
into a database. Thus, an event history for every user is 
saved and an implicit user profile is recorded, which 
can be further processed.  

4.1.2 Modelling 
By the means of statistical models, the implicit user 
profile already allows the deduction of valuable infor-

mation that can be used for standard adaptation activity 
(e.g. the more time the user spends with a specific vis-
ual object, the more s/he likes it). This deducted infor-
mation builds a behaviour model of the user. The be-
haviour model can be treated like an explicit represen-
tation of an implicit user feedback and may be con-
sulted to draw an assumption about the user’s interest 
in a specific object. Different machine learning and 
data mining algorithms are implemented to extract se-
mantically enriched information and to gain more sig-
nificant information relating to the user’s behaviour. 

In our user modelling approach for a museum envi-
ronment we chose to employ an interest model and 
stereotypes not explicitly specified by the user. The 
interpretation of the user’s focus in association with the 
time dimension helps to derive the users interests in the 
observed objects. By the interpretation of the users spa-
tial position and head orientation based on the world 
model and augmentation layer the user’s focus of atten-
tion can easily be derived. This focus points to a visual 
object, which is in turn associated with a meta-
description. In combination with time the user spends 
looking on this visual object, the interest model is con-
tinuously refined with the corresponding meta-
description. Starting with an empty representation, this 
accumulation procedure generically builds up a 2-depth 
tree. The nodes on the first tree level are named after 
the keys of all meta-descriptions that have been proc-
essed so far. The children of these nodes represent the 
accordant key-values and have a numeric value as-
signed that expresses the strength of the user’s interest 
in this topic. This numeric value is increased every 
time a meta-description with the appropriate key-value 
pair appears as an input. To fine-tune the user’s interest 
model, the LISTEN system processes the meta-
description of the user’s object of attention in a con-
stant three-second interval. In succeeding steps this 
interest model supports the recommendation, filtering 
and collaboration process. Since this model is imple-
mented in a domain independent way, it may be em-
ployed in several domains containing objects described 
by meta-information. 

The use of stereotypes is a common approach in 
adaptive systems. With the aid of stereotypes, the per-
sonalization engine defines the users’ observation type, 
thus the system is able to accordingly adapt the scen-
ery. Every stereotype causes a different presentation 
and different strategies (see next subsection). In a mu-
seum environment it is not trivial to predefine mean-
ingful stereotypes. Some stereotypes, which are easy to 
identify, are for example “adults” and “children”. The 
stereotypes used by the LISTEN system are motion 
styles that represent stereotypical user behaviour in 
moving through an exhibition. In our domain the user 
may be sauntering around, goal-driven or standing still 
being either focused on a certain object or unfocused. 
This motion styles emerge from the analysis of the lo-
cation and focus of the user and their evolution over 
time (history). These stereotypes result from the first 
review process of the LISTEN system and are meaning-
ful, easy to detect and to revise. The interpretation of 
the user’s motion style in combination with the location 
determinates the presentation style and facilitates the 
pre-filtering process of relevant sound pieces. If the 
user stands still focusing the object, object-dependent 



information is presented. If the visitor moves slowly 
with his/her look not being focused on one specific 
object, a zone-dependent, more general presentation 
starts. 

4.1.3 Controlling 
Meaningful user profiles accurately document the us-
ers’ activity within the environment and can be ex-
ploited to adapt this environment in order to support 
the user and to provide personalized information. 
Therefore, a controlling component is necessary to de-
cide what consequences must be taken if certain condi-
tions in the user’s context and in the individual user 
model configuration appear together. On the one hand, 
the control layer must consult the user model to get and 
set information about individual users, groups of users, 
or average behaviours in a certain environment. On the 
other hand this layer must be aware of the domain 
model to get information about the environment the 
user is currently moving in.  

Based on these information sources the control 
component assembles a sequence of commands in order 
to adjust certain variable properties of the environment. 
Thus, different sequences of commands lead to differ-
ent kinds of information presentation. This adjustment 
of environmental parameters is used for realizing do-
main independent adaptive or strategic methods, which 
are expressed domain dependently. On the strategic 
level of the control layer a decision between high level 
adaptations and the selection of different adaptive 
methods is taken. 
 

Fig. 3. Possible Adaptive Methods in Context-Aware Systems 

In the field of adaptive hypermedia, several methods 
of adaptation and adaptive strategies are defined (cf. 
Figure 3) that are suited to tailor information selection 
and presentation to the individual user. To adapt these 
methods to the LISTEN principle, we have analysed the 
expressive means mainly used in audio environments 
and selected some of the mentioned adaptive methods 
that seemed appropriate for the personalization of an 
audio environment. Every adaptive method realizes its 
adaptive activity by queuing a sequence of commands 
for the rendering engine of the application (i.e. the 
AVANGO system). A more detailed description of the 
adaptive strategies implemented in the LISTEN system 
can be found in the next subsection. 

4.1.4 Rendering 
Rendering means handling the connection back to the 
domain. This engine translates the assembled sequence 
of domain-independent commands into domain-

dependent commands. The implemented domain-
dependent methods directly change variable parameters 
of the domain (i.e. change the audio augmentation) ac-
cording to the users’ behaviour. Thus, the decisions 
taken by the controlling component are to be mapped to 
real world actions.  

4.2 Adaptation Strategies 
In LISTEN, several domain independent adaptive 
methods and strategies are defined that are suited to 
tailor the information selection and presentation to the 
individual user. A control component selects and in-
stantiates a strategy for presenting objects in the user’s 
environment. Examples for domain independent adap-
tation methods on a strategic level are “adaptive 
prompting” and “adaptive annotation” for objects. In 
order to map the above-mentioned methods to the 
LISTEN principle, we have analysed expressive means 
mainly used in audio environments and selected some 
that seemed appropriate for the personalization of an 
audio environment.  

4.2.1 Adaptation of the Sound Presentation  
The basis for every kind of adaptation in LISTEN is the 
presentation of the sound space. Besides the decision, 
which sound item is to be played, the way the sound 
presentation can be modified is when, with which char-
acter (e.g. volume), from which direction, with which 
motion and how long a sound is played. With combina-
tions of these possibilities, a wide range of adaptability 
is already accomplished. 

4.2.2 Adaptation of the Space Model  
In LISTEN a virtual zone holds several zone specific 
sound pieces and is mostly associated to one specific 
domain object. Because users enter and leave these 
zones in virtual space (AVANGO), they should adapt 
to the user’s particular behaviour. Some users want to 
step back and look at the object from a different view-
point. Because the user still shows interest in this spe-
cific object, the associated zone should expand up to a 
predefined point (zone breathing), so that s/he is able to 
listen to the sound further on. In addition, a sound item 
that is not completed should be transportable from one 
zone to another. 

4.2.3 Adaptation to Social Context 
If users are spatially and temporal similar (e.g. a family 
walking through an audio-augmented museum), they 
might want to receive the same audio information. 
Through building such clusters of people, for example, 
a subsequent discussion about seen objects is possible. 
Vice versa, the breaking up clusters of people is also 
possible. This would lead to a better distribution of 
people among several objects. Of course, one precondi-
tion for this expressive method is the detection of peo-
ple clusters. 

4.2.4 Adaptation to the Level of Immergence  
In LISTEN, interest in objects is expressed by the time 
a user’s focus lingers on these objects. The level of 
interest corresponds to the complexity, the amount, and 
the style of already received information about one 
object and is transferred to succeeding objects. If one 
of these objects complies with the user’s interests, the 
sound presentation directly steps in the right level of 



interest and sound items are played that are classified 
on the adequate information depth and style. 

4.2.5 Adaptation to Movement and Reception 
Styles 
Several kinds of common behaviour can be identified 
with people walking through the environment (e.g. 
clockwise in museums). Attractor sounds emitted from 
different sound sources are used to draw the user’s at-
tention on certain objects of the environment. Thus, 
entire tours through the environment can be recom-
mended. The selection and dynamic adaptation of tour 
recommendations can be adapted to the stereotypical 
type of movement and her/his preferred perception 
style. For examples of stereotypical user classes and 
their movements in museum environments see [21]. 

5 Evaluation  
In order to refine the LISTEN system before its public 
presentation in July 2003 at the art exhibition in Bonn, 
some demonstrations already took place at the 
Kunstmuseum. The outcomes of these tests enabled a 
preliminary evaluation: in two workshops in which 
testing visitors, art curators, sound designers, and art-
ists were involved, impressions and refinement issues 
were brought out. 

A first positive result, reported by the 15 experts 
testing the system, was the success of the synesthetic 
experience: the visitors enjoyed the combination of 
audio-visual perception and felt as the interaction with 
the real visual objects was augmented. At the same 
time, curators appreciated the possibility to deliver 
content concerning the artworks in an innovative, en-
riched and less descriptive way.  

Critical points in the domain model were also no-
ticed: the zones of interaction surrounding each artwork 
were sometimes too small, thus forcing the visitor to 
approach the artwork very closely. In particular, in the 
case of overlapping zones, the boundaries of the object 
zones were hardly localizable by the user. In order to 
overcome these problems, we are working at making 
the zones more flexible, creating some “breathing 
zones” in which a sound is more attached to the user’s 
behaviour in observing visual objects. In this sense, 
auditory icons providing some landmarks in the virtual 
environment navigation are meant to be inserted in the 
audio presentation in order to make the user aware of 
the interaction with the environment. 

Further effort needs to be put into the recognition of 
the users’ real focus as well: the tracking system senses 
the visitor’s position in the space, but his focus can be 
on an object belonging to another sound presentation 
zone. Besides, some visitors could not realize whether 
the changes in the audio virtual environment were due 
to their movements in the space or were part of the au-
dio sequence. 

We learnt that one of the main drawbacks of the 
LISTEN system would be the lack of explicit user feed-
back we have to cope with. Computer users are known 
for providing little feedback to rate the quality of items 
recommended to them. The lack of explicit feedback 
causes difficulties in clearly distinguishing between 
interesting and non-interesting objects. We can assume 
that in case of the LISTEN system, users will provide 
no (or at most very little) explicit feedback. In these 

back. In these situations, some systems use heuristics to 
determine positive and negative evidence of the user's 
information interest (i.e. unselected objects are nega-
tive examples [18]). Another approach developed in 
[13] uses significant analysis aiming at selecting those 
features that are extraordinarily important to the user 
for identifying relevant objects. 

Another main criticism in the evaluation was the use 
of stereotypes (i.e. fact oriented, general overview ori-
ented, or emotional) that were to be selected in advance 
before the presentation started. The visitors do not like 
to be clustered and classified: the request to select what 
kind of art visitors they are generated irritation. Due to 
this fact and due to the decision of not providing any 
input devices (neither desktops nor handhelds) we in-
tend not to use stereotypes in refining the system, but 
rather gather more significant information about the 
user. The new test scenario will provide hidden stereo-
types that represent the user’s moving styles like saun-
tering, goal-driven or standing still, because these 
stereotypes are meaningful, easy to detect and to revise. 
We have to approach the fact that in the LISTEN sys-
tem the human-computer interaction only lasts a short 
time period. Therefore, the system needs to pre-process 
a sufficient amount of past users’ data in order to build 
a meaningful user model. Since such adequate informa-
tion opulence is not accessible by now, we are forced to 
develop learning algorithms that can infer from a small 
set of data. The next evaluation step will provide much 
more information, when the LISTEN system was ex-
perienced by the public.  

6 Conclusions 
In this paper we presented an approach for adapting the 
sound presentation in an audio augmented environment. 
The technology for this sound augmentation is pro-
vided by the LISTEN system, into which a user model-
ling component was embedded. This component as-
sembles a bunch of well-known user modelling tech-
niques for adapting the audio presentation regarding to 
the users’ preferences, interests, and motion. We dis-
cussed the application of these techniques in our spe-
cial environment and described suitable realizations. 

We attempt to highlight the potential of intelligent 
audio user interfaces, a research field that needs to be 
further explored and still presents critical issues. The 
project here described provides a good example of the 
complexity of the user and context modelling process 
of an intelligent audio-augmented environment. 

In the LISTEN application, the only user interface is 
the user’s motion. This implies a trade-off in terms of 
communication between the user and the system. Once 
the user has started his/her walk through the environ-
ment, s/he does not carry any device except the head-
phones. The only events that the user can send to the 
system are his/her positions in the time, but no explicit 
control channel is provided. Thus, the system will not 
get any explicit feedback from the user during the 
user’s tour. Thus, the user can’t switch to a different 
type of sound presentation while experiencing the envi-
ronment, nor controlling how to play the sound 
presentation. To be able to provide audio sequences 
that suit to the user’s context, the system needs to infer 
information from the user’s behaviour. The basis for 
this inference process is the data delivered by the 



ence process is the data delivered by the observation 
component: 
 

• Time (e.g. timestamps, delays, time sequences), 
• Position (e.g. position in the physical environ-

ment, position in the virtual environment like 
zone identifiers), 

• Focus (e.g. the identifier of an object the user is 
looking at). 

 
In addition to the adjustment of the audio presentation 
associated with a specific object, a certain strategy de-
cides which particular object is recommended next. All 
intended adaptation processes result in several se-
quences of commands for controlling the environment. 
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