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Background and Motivation
Ubicomp research continually develops novel interaction techniques, sensing technologies, and new
ways of presenting personalized information to the user. Gradually, companies operating in
environments such as airports, museums or even shopping malls are becoming aware of the potential
benefits in letting such technologies assist their users and customers. Intelligent environments are
predicted to aid their users in pursuing their activities, such as wayfinding or shopping, through the
situated presentation of personalized information. However, due to the large design space that ranges
from wearable computing to public displays, the conceptual and technological choices pose new
challenges to the designer of such user-assistance systems.
The MODIE workshop aims towards models, principles and methodologies, which guide the designer
of an intelligent environment in the early stages of the development process, such as task and
requirements analysis and conceptual design:
• Which user activities and tasks require assistance?
• How to map an activity model into interactions with computing artifacts?
• How should the designer choose the best sensing and interaction technologies for a scenario?
• Which mobile or wearable personal devices can be employed?
• How should multiple users with concurrent activities be supported?
• How should the current state of the user assistance system be represented, especially when dealing
with multiple tasks?
The first session of the workshop covers user-oriented design methods and provides some interesting
case studies. The second session covers the modelling of user assistance, user activity and multimodal
interaction. The third session specializes on the evaluation of system prototypes in virtual- or mixedreality and investigates how intelligent environments can be tested before they are actually deployed.
Besides the presentations, the intention of the workshop is to discuss some of the following topics:
• How to unify the complementary concepts of public and personal devices in Intelligent
Environments (IEs)
• How to model user activity (terminology, structure, notation) for the design of IEs
• Suggest a terminology for Intelligent Environments
• How tools can support the modelling and designing of user assistance in IEs
• What are the problems of applying traditional software engineering methodologies
• Are there principles that can be generalized for the design of all IEs
The MODIE Workshop will be held in conjunction with the 8th International Conference on Human
Computer Interaction with Mobile Devices and Services, MobileHCI 2006, which will foster a
discussion on how the contrasting paradigms of mobile/personal and ubiquitous computing can
converge into user assistance.
Finally, we wish to thank our co-organizers for their reviewing support and fruitful discussions, which
helped to raise interesting research questions and to define the scope of this workshop. Our thanks also
go to the MobileHCI workshop chair, Giulio Jacucci, and of course to the participants for their
contributions.
Espoo, September 12th 2006,

Christoph Stahl and Thomas Pederson (co-chairs)
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information to something the user touches, give deadline
reminders, et cetera. In short, it can bring some advantages of the
digital world into the physical world.

ABSTRACT
In this paper, we present our position on user experience methods
for designing and evaluating intelligent environments in a user
assistance context; a combination of narrative interviews, a
scenario-based approach and finally Wizard-of-Oz prototyping.
Users typically do not have any experience with intelligent
environments, making it difficult to reliably assess user
experience with such systems. An integrated scenario helps us
focus on the user from the beginning on, narrative interviews help
us understand the user in a very early phase of development and
Wizard-of-Oz prototyping allow us to test early and often in the
design of intelligent environments.

In this position paper, we present the three methods we have used
successfully to analyze user interaction with an intelligent system
designed to provide user assistance, in different phases of the
development process. The first phase consisted of scenariodevelopment to guide design and provide a general framework for
the project development. This scenario helps us focus on the user
already very early in the design process. Although this phase is
focused on the user, users themselves are not directly involved in
this phase. The second phase is the first phase in which users are
included, where we investigate users’ experiences and emotions
evoked by current technology based on narrative interviews to
create a better understanding of who the users are and how they
feel about intelligent systems and how they experience and
interact with technology. This phase includes no technology as
such yet. In the third phase, then, still very early on in the
development process, we experiment with user interaction with a
‘real’ cognitive vision system, by means of a wizard-of-oz
prototype. We will discuss these three methods that allow us to
gain insight in user experiences with intelligent technology in a
very early phase of its application.

The application of these three methods in a specific project on
cognitive vision is described, as well as their advantages and
disadvantages as methods for assessing user experience in
intelligent environments in general.

1.INTRODUCTION
Cognitive vision is the name of the combined technology that
allows computer systems to 'see' and to make sense out of what
they see. The computers are then able to acquire knowledge about
objects and activities in the environment (the vision part of
cognitive vision) and use this knowledge to improve the
interaction and better serve users needs (the cognitive part of
cognitive vision). Through its cameras, it can connect the real
physical world with the virtual computational world and creates
possibilities for proactive instead of reactive systems, systems that
can detect, locate, recognize and understand objects and situations
in the real world [8]. A cognitive vision system can show
purposive goal-directed behavior, can adapt to unforeseen
changes, and can anticipate the occurrence of objects and events
[5]. This technology is still under heavy development and can be
seen as the next step in computer development [3]. The
introduction of systems that can see their environment and
understand it requires a paradigm shift in the way we interact with
a system. As computers acquire more human capabilities, humanmachine-interactions can more and more approach human to
human interaction instead of the more traditional way of
interaction (GUI-style). For instance, a personal assistant in the
office can be created using this technology 9. This assistant can
take the form of an agent that can help the user locate his or her
keys, books or notes, can automatically give background

2.THE SCENARIO-BASED APPROACH
The first step we took in the cognitive vision project is based on
providing an integrated scenario for guiding and evaluating the
concept, the technology and the interactions associated with
cognitive vision technology. Users themselves are not involved in
this early phase in the design process. Instead, the scenarioapproach can be seen as a meta-approach to the project, where it
aids user-centered development, provides strong focus and makes
challenges clear.
The development of (cognitive) vision technologies is making
constant progress and first applications for the end-users can be
expected soon. Typically the development of such applications is
only driven by the availability of new technology and only minor
effort is made to design the interaction between the user and the
system. Here scenarios come in, as they have the power to
visualize systems that do not exist yet vividly and can present
possible ways to interact with them. Our starting point was that
scenario-based process models could help significantly to deal
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with the characteristic challenges in this area provided the
approach is adapted carefully to the specific requirements in this
context, like privacy, usefulness, trust, but also metaphors, or
interaction style.

must reflect the scientific key challenges from the targeted areas,
b) it needs to be able to be applied to different domains, and c) it
ideally also allows including aspects of human computer
interaction. Additionally, we defined one multidimensional design
space instead of sets of scenarios. To do so the constitutional
scenario is carefully analyzed with regard to relevant variables
influencing its complexity. The goal is to decompose it into
several complexity dimensions that allow characterizing the task
domain of the scenario in a multidimensional space. These
dimensions then are studied with regard to their interrelation and
finally systematically organized. For all dimensions characteristic
values with increasing complexity are identified.

There are three main reasons why our project approach for the
intelligent environment is based on an integrating scenario.
Firstly, a scenario-based approach helps to focus on interaction
issues right from the beginning of research and development and
to identify the challenges for interaction. Issues related to human
system interaction are of special relevance for intelligent
environments and should be tackled systematically. These
technologies have the potential to radically transform interaction
paradigms, e.g. every object might become an input device with
the use of advanced object and gesture recognition. This provides
great opportunities for the interaction design but also great
challenges - how is the user supposed to know which objects he
can use; what makes sense; what is new, what old? Scenarios help
us focus on these issues instead of only focusing on the
technological side of development.

The long-term goal of our specific cognitive vision project
envisions a scenario in that every person will interact in a natural
way with artificial devices as an aid in daily life situations such as
orientation, search and information retrieval. We refer to it as the
Personal Assistance scenario, where a combination of mobile
devices and distributed ambient spaces unobtrusively support
users by being aware of the present situation and by responding to
user requests. Specifically, the technical goal is to devise
Cognitive Vision methods to support scenarios that understand
and support human daily-life activities. The Personal Assistance
scenario requires cognitive abilities such as detection and
recognition, spatial and temporal reasoning, embodiment of visual
processes, and memory.

Secondly, a project in this context faces several challenges on the
organizational level similar to industrial design. Multiple
institutions are involved, they naturally have their own research
agendas and therefore the overall goal of the project might be
interpreted differently. Fast, easy and targeted communication is
of major importance for the success of a complex project. One has
to ensure that the involved stakeholders/parties can use a common
language that bridges the different domains with specialized
meanings. Work takes frequently place in parallel, geographically
distributed and spread across different organizations. Also a
project in the (applied) research context implies that the
development process can not be planned in the same detail and
with the same confidence as in an industrial development process.
Scenario-based approaches are suited very well to address these
challenges. Scenarios have the ability to provide an overall
guidance, to foster communication, to integrate evaluation by
deriving test cases from the scenarios, and to support
documentation [9]. Our approach supported the stakeholders
involved in this project by the following means: (1) it provided a
well defined basis for the project evaluation, (2) it facilitated the
documentation of the project’s progress, (3) and finally it
supported the iterative reshaping of the project plan.

For us, the scenario has two additional advantages in this specific
project. Firstly, that the research and development challenges
become very clear in an early stage of the project. The common
definition and structuring of the complexity dimensions by the
research partners triggered targeted and fruitful discussions on
conceptual key challenges and how to approach them. The
definition of the dimensions also partly served as a starting point
for conceptual work on how to approach these challenges. It
allowed to easily identify key challenges not tackled by any
partner very early and made this fact available for management.
Division of labor between partners with related research interests
could be done more rationally and with the common goal in mind.
The second advantage is that the integration of work could be
done more easily as the different organizations already started
working on their subparts with a clear common goal and
application context in mind. Possible interfaces between the
different techniques were also identified early and could be
considered already during the development of the different
techniques and therefore later efforts in adapting the methods
could be minimized. For example the different developed
technologies already assumed the need for the exchange and
communication of certain tuning parameters and confidence
values. However, making challenges clear doesn't mean somebody
covers them. Even if the approach can be very helpful in
identifying not tackled challenges special effort and management
is needed to ensure this aspect is taken care of.

Thirdly, in research, different techniques are typically developed
using different assumptions about their context of use, so
combining two techniques often involves modifying and adding
new domain specific elements to the design [2]. Due to structural
difficulties of integrating various techniques there is the risk to
ignore challenging issues. For example, in the domain of
intelligent systems, Brooks [1] expressed the concern that people
are actually ignoring the true substance of intelligence if they do
not focus on the interface between low- (e.g. eyebrow movement)
and high-level issues (e.g. dialog turn-taking). By making explicit
the intended use contexts and by providing a guiding vision that
has the capability to focus the work on all required issues,
scenario-based design helps to deal with these issues.

The definition of the complexity dimensions implies the risk to
only tackle them on a one by one basis and to forget about
interferences between them. Therefore one should take care to
also analyze interaction effects and interdependencies between
different dimensions.

We based the design and development process of the cognitive
vision project on a constitutional scenario. With constitutional
scenario we mean a relatively general but in its internal logic
cohesive task domain. To successfully serve as a constitutional
scenario such a task domain must have certain characteristics: a) It
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didn't tend to characterize systems as intelligent at all.
Attributions like "intelligent" or "clever" were not found
anywhere in the interviews whereas characterizations like "stupid"
or "dull" appear from time to time. On the other hand interviewees
frequently mentioned negative and annoying experiences with
systems that behaved "pseudo-intelligent". The typical dramaturgy
in this cases consisted of the arousal of expectations regarding the
system which then was disappointed. What is characterized as
intelligent system by researches and developers doesn't mean to be
filed the same way by users.

3.NARRATIVE INTERVIEWS
Still in a very early phase, users can be made part of the project in
a rather general way, unrestricted by technical preconditions, to
provide valuable input on the new domain of intelligent
environments and user interactions. This domain is rather tricky,
as it is difficult to do user testing with users of intelligent
environments. Interviews and focus groups and other similar
methods are not easily applied as users are not familiar with the
technology yet.
Narrative interviews can help us realize what users experience and
what they feel when they interact with technology and can help us
gain a better understanding of today's experiences that take place
in a real context when interacting with technology, in order to get
more feeling for how interaction with intelligent systems might be
experienced by users. They also provide us with a soft measure of
how intelligence in current technology is seen and judged by
users. Furthermore, they tell us which interaction factors are
mainly responsible for creating a positive user experience, which
can be applied in the development process.

Applying this method in the context of technology teaches us
some interesting things. Firstly, it is interesting to see how very
similar the stories told by our participants were. We expected that
participants would tell us many stories with very different kinds of
experiences and emotions, but it was relatively easy to make sense
out of the gathered data.
A lesson we learned was that it is not easy to bring people to
really switch from “reporting” an event to telling a story. This is
not only a theoretical difference, but it’s practically also very
important, as only story-telling allows participants to really re-live
the experience including the related emotions that came up at the
moment of the experience.

The narrative interview is an interview approach that is focused
on starting narrations about real-life experiences, based on the
work of [7]. We selected this method from a number of other
methods for gathering user insight, as user experience research
has no clear methods for assessing widespread and real-life
experiences. Although many methods have been and are being
devised, this particular focus was not found. The focus on
eliciting narrations allows us to make use of the structural
peculiarities story-telling follows, ie. that the emotional content of
the story is re-enacted during the narration. Stories provide a more
direct access to the experience than evaluative questions. With
stories as base material the analysis can also consider structural
elements of the narrations and characteristics of the used
language.

Participants are generally not familiar with an interview method in
which they are asked questions very freely. This can create the
uncomfortable situation where the participant wants to answer the
request of the interviewer, but is afraid to give a wrong answer,
and thus decides it’d be better not to say anything at all. These
situations are not uncommon in free association interviews, but
can be avoided by giving the participant some focus points for
what kind of experiences you’re looking. The participants then
can go through their memory more easily, searching for
experiences that fit specific leads instead of experiences in general
and feel more confident to narrate about the experience. In our
study, we used very broad focus points as ‘positive experiences’
or ‘negative experiences’, which give direction to what we are
looking for, but still provide enough room for association on the
participant’s side to come up with ‘free’ past experiences.

The general goal of the study [6] was to better understand the
experiences of the interaction with systems of all kinds, e.g.
mobile devices, robots, personal computers, PDAs and consumer
electronics. Each interview started with open questions about
“emotional encounters with technology” which introduce the
interviewee to the focus of the interview and creates the right
mindset for follow-up questions. Users were asked to remember
any situation with technology in which they experienced
emotions. They were asked to recount these memories in detail
and to induce stories as complete as possible. After these
relatively unfocused questions, we asked participants for negative
and positive experiences, as well as special emotional and user
experience factors that were selected based on previous user
experience work such as connectedness to other people and
sharing experiences with others, feeling intimate with a system,
trust in a system and flow. For each factor, participants were
asked to narrate stories about situations in which they experienced
it and elaborate on the precise circumstances under which the
situation occurred.

As people get more comfortable with telling stories about their
experiences, the questions also got more personal, and
participants were able to find events in which they experienced
the broadly described situations. Then, we found that it is useful
to ask for extreme events; the ‘best experience’ and the ‘worst
experience’ provide more powerful expression and allow for
easier interpretation than just any positive or negative experience.
Finally, we found it easier to reach closure in the interviews when
we balanced the questions about experiences; about equal time
was spent on both positive and negative experiences. This
balanced the interviews and e.g. avoids it from turning into a rant
against unusable technology. By putting a positive experience
next to a negative experience, it made it easier for the participants
to also see where the interview was going.
These narrative interviews help us to gain insight in user
experiences with current technology, and provide meaningful
insights on user experiences with intelligent systems .

Using the narrative method, we were able to identify interesting
phenomena in everyday experiences evoked by today’s
technology, e.g. the overlap between emotion theory and
technology practice as well as the differences between them, the
dominance of negative experiences and the influence of usage on
the user-system relationship. One main result of our analysis
regarding the intelligence of current technology is that people

4.WIZARD-OF-OZ PROTOTYPING
In a third step of the project we did focus some more on the
technology side of the intelligent environment, with a simulation
technique that allows us to experiment with user interactions with
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intelligent systems before the systems were in an advanced stage
of development, with the help of a Wizard-of-Oz prototype.

for more than 45 seconds. After this time, the system first asked
whether it could be of any help to the user, and if nothing
happened, it would give a hint from itself after a while. Hints that
did not need a vision system were of the type “piece A and B
border on each other” or “side A belongs on the inside of the
cube”. Other hints that did require a vision system were of the
type “piece A is not on the right position” or “piece A is in the
right position, but is not turned in the right direction”. There was
no difference in content between proactive and reactive hints.

Prototyping intelligent environments by means of simulation can
provide useful information on user interaction with intelligent
environments. Wizard of Oz prototyping does just that. [4]
describe Wizard of Oz studies as a way to study user interaction
with natural language systems.
A Wizard of Oz study is a study where subjects are interacting
with a real intelligent system, but the intelligent system is
simulated. Behind the interface is not an intelligent system, but
instead the interaction is mediated by a member of the design
team, the wizard, who performs the actions the intelligent system
would take and provide the user with these actions through the
interface. The large advantage of this approach is that the subject
can be given much more freedom of expression.

The lab room where the test took place was equipped with four
video-cameras and a microphone, which allowed the operator (the
“Wizard of Oz”) to observe everything from a separate control
room, and create a realistic atmosphere where the user had the
idea that the system was fully operational and that he or she was
being observed by a computer system (see also Figure 2).

The study we did was designed to find out how users interact with
a personal (embodied) assistant that can see what the user is doing
and react and help the user where necessary, in two different
tasks.

In the setup described above, we tested with twelve participants
who received the information and hints from the Wizardcontrolled system. None of the users noticed that it was no real
system they had been working with.

The goal of the first task was to test user responses in a setting
where the system had knowledge about the location of certain
objects throughout the office (e.g. sticky tape). The participants
were told that objects had been hidden by a previous participant
under the careful eye of the cognitive vision system, which
remembered the position of the objects. The system then told the
user where to look for the specific item (e.g. “in the drawer on
your right”). In each condition, the computer-voice, controlled by
the Wizard, said where the target object could be found.

We also got some experience on the limitations of a Wizard of Oz
approach.
The first limitation is that the illusion towards the user can easily
be broken down by small mistakes from the side of the wizard.
Small typing errors, slow response, no response, or the wrong
response are examples of things that can go wrong when using a
human operator to simulate a computer.
Secondly, the wizard has to know exactly what is going on. A
good choice as a wizard would be someone from the design team
itself, but it definitely has to be someone who knows every
possible step the user might take next to be able to anticipate on
these possible actions of the user to be able to simulate the system
in such a way that users do not realize that they are in fact not
interacting with an intelligent system.. If the wizard is not from
the design team, extensive learning is required so that the wizard
does not make mistakes in critical situations.

In the second task, participants were asked to assemble a 3d-

Figure 1: The 3d-Structure
Puzzle.

Thirdly, the amount of interaction that can be simulated by a
wizard is fairly limited. The real-time work that has to be done
“behind the scenes” can increase quickly at certain moments,
overloading the wizard resulting in a loss of illusion for the user
or a system that is responding very slowly or not at all to users’
actions. Especially when the user takes a few unexpected steps,
this might ask too much from the wizard.

Figure 2: The user being
observed by the Wizard of Oz.

structure puzzle. The puzzle consisted of six separate pieces,
which, if fitted together in the right way, formed a cube, as
depicted in Figure 1. There was only one way to solve the puzzle.
The participants were asked to solve the puzzle as fast as possible.
Participants were seated in front of the computer and everything
was observed by the Wizard, who gave hints on solving the puzzle
by means of a computer generated voice. The wizard typed the
text, and a text to speech algorithm would then read the text out
loud, to increase the realism simulated by the test setup. Each
piece of the puzzle was numbered and color-coded for ease of
recognition.

A final implication that comes from using a human to act like a
computer is the fact that the human wizard will inherently react
differently in similar situations with different test participants.
These differences might be in the order of seconds or in the order
of milliseconds, but it is a fact that it is physically not possible for
a human to react at exactly the same speed at multiple occasions
the way a computer would. This variance in responses might not
only degrade the user experience of the participant, but also
influences measurements that you want to perform yourself during
the user testing. Every extra factor that is introduced into the test
environment has an impact on the variance between participants
and makes it more difficult to draw conclusions from the data.

The hints that were given were either reactive or proactive in
nature. Reactive hints were given when the participant held their
finger over a piece of paper on the table that said “Hint”. This was
then observed by the Wizard, who gave a hint through the
embodied agent. Proactive hints were given without the need for
user action, but comprised the same kind of hints. A proactive
hint would be given after the user had not initiated a reactive hint

5.Comparing Approaches
For an integrated study of user experience in intelligent
environments for user assistance, a combination of approaches
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from various perspectives gives the best overview of possible
interactions and ways in which users might be expected to use
them once. Narrative interviews, scenario-based approaches and
simulated technology combined can provide us with a common
understanding of the user and user interactions with intelligent
environments, in our case a cognitive vision environment.

6.Conclusion
Cognitive vision shows to be a valuable improvement to the
current interaction paradigm, but also a very new territory with
lots of interesting research areas. By focusing research efforts in
this domain (using scenarios) we can develop one “showcase”
application for personal assistance on which we can base further
development. Narrative interviews give us an integrated approach
to user experience with general technology and uncovers relevant
interaction issues. Wizard-of-Oz prototyping then gives us the
possibility to iteratively test various would-be implementations in
both exploratory and confirmative user testing.

Narrative interviews mostly teach us a lot about user experience
with current technologies in a real setting filled with context
information, which is insightful from a field in which we want to
understand the user but only have just started developing the
necessary tools to do so. This ‘state of the art’ view on user
experience can also provide us with valuable information
regarding future interactions with an intelligent system. However,
such an extrapolation towards a new kind of system, towards a
system that crosses the boundaries between the virtual and the
physical worlds, towards a system that “invades user space”
remains a step associated with uncertainty, for which other
methods may be more applicable.

Combined, these methods address those issues that are relevant
for interaction design that help designers focus attention on the
aspects that need work..

7.Future Work
Until recently, the cognitive vision prototypes had been restrained
to fixed set ups in which one room could be overseen by the
computer system. Recent developments have made this
technology mobile, in the sense that a laptop can be equipped
with the necessary tools to provide vision and recognition
capabilities similar to the non moving cognitive vision system. In
respect to this shift towards more mobile development, we want to
continue to use Wizard of Oz style user evaluations of the mobile
environment as it is being developed, in order to identify relevant
user experience factors and to take into account the changes that
occur when the system is transferred to a mobile medium and the
implications that this has on user interactions.

In parallel, a scenario-based development path and an iterative
approach to this scenario, extending it as research progresses and
using it to guide design, helps us focus on the ultimate goal of
developing an intelligent environment that is made for users and
not for technicians. An integrated scenario is not at all an
exhaustive set of use cases, but it creates a common understanding
of where the long-term research is heading. They keep us focused
on interaction issues from the beginning of research and
development and as such define which kind of user studies we
actually want to perform.
Wizard of Oz is performed on a third level, (partly) filling the gap
that cannot be filled by narrative interviews; allowing us to test
the user assistance technology that does not actually exist yet.
Simulating such technology at least gives us some possibilities for
laboratory experiments and gives us some leads as to what shapes
future user experiences. However, also this approach has its
drawbacks. These drawbacks are mainly related to the use of a
wizard to fulfill the role of a computer as described above; the
wizard introduces more variance in the test setup and requires
very extensive and precise knowledge of the system to perform as
similar to system behavior as possible. Inherent to the wizard of
Oz approach is the requirement to perform the test in a lab setting,
where as many variables as possible are under the control of the
researchers. This setting can be designed to remotely resemble the
expected setting in which the intelligent environment is used, but
it will always remain artificial and different. Compared to the
context-rich narrative interviews lab experiments are relatively
sterile and limited in their contextual setting.
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ABSTRACT

breaks to meet each other. It is usually occupied by the office
workers who share the same floor which consequently triggers
social interaction among the office workers. Along with the
emerging use of intelligent technologies in office environments,
the coffee corner in focus is equipped with intelligent devices
such as device-discovery, context-aware services, sensors,
Bluetooth, RFID reader, camera, speaker and advanced displays
(see Figure 1). Using these intelligent devices, the current coffee
corner system allows the office workers to locate their colleagues
within the office.

In this project, we focus on intelligent applications that can be
deployed in a coffee corner in an office environment to make this
environment more sociable, given the fact that the coffee corner is
a place where professional and social interactions intermingle. We
conducted a series of in-situ user studies in an office coffee corner
that is equipped with context aware devices. Designing intelligent
applications for the coffee corner requires a deep understanding of
the office workers’ needs and the situated interactions. First
results of the early phase of the design process includes a list of
user requirements and a conceptual design of a potential
application are described.

Design, Human Factors, Context-aware Systems.

Inspired by the intelligent coffee corner available “in the house”,
we are particularly interested in the following research questions:
how is the coffee corner being used now and how to enhance
sociality among the office workers mediated by context aware
systems.

1. INTRODUCTION

2. METHOD

Keywords

Given the large design space of intelligent applications, we opted
for a system that is driven by, designed by, and is useful for the
users. As a system driven by the users, we chose to collect user
requirements through a series of in-situ user studies.

Intelligent devices such as wireless LAN, (indoor and outdoor)
location sensing technology, and short range network functions
are increasingly being used to support people’s social life by
means of context-aware systems. A system is context-aware if it
uses the user'
s context to provide relevant information and/or
services to the users, where relevancy depends on the user’s task
[4]. Many researches of context aware systems are from the
technical point of view [7] e.g. on how to gather context from the
users or how to increase the accuracy of the context aware
technologies. This research, however, focuses on the user
perspective on how to facilitate social interaction mediated by the
context aware system which is in keeping with [11].

2.1 Direct Observation
2.1.1 Method

As an exploratory study, we observed in one of the coffee corners
and investigated how the office workers behave in the intelligent
coffee corner. The direct observation was open-ended and
unstructured. This means that we observed the full situation of
everything that is going on [9] in the coffee corner. In parallel, a
literature study was conducted on the topic of intelligent shared
areas.

Previous researches show that many context aware technologies
are designed for outside of the office environment, e.g. [3, 7, 8].
This research deals with how to support social interaction in a
shared area of an office environment. When developing such a
technology in an office environment, we are challenged with the
question of how to combine professional and social interactions in
a system. On one hand, the system should maintain the
professional atmosphere in the office by taking into account
situated interaction and privacy. On the other hand, the system
should support sociality among colleagues.

2.1.2 Result

The observation and the literature study resulted in finding that a
shared physical environment promotes informal social
communication [12]. Although the shared area is located in a
professional environment, the office workers tend to perform
informal and semi-formal communication while they are in the
coffee corner. Aside of the company project topics, topics such as
upcoming events, weekends, sports, weather are several out of
many topics that the office workers discussed about during their
breaks.

In this paper we present a system that supports semi-formal
activities of the office workers while they are in an intelligent
shared office area in general and in an intelligent coffee corner in
particular. The coffee corner is used by the office workers during
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The current input devices for interacting with the system were a
keyboard and a mouse. These input devices force the office
workers to take turn in interacting with the system and pass
around the input devices. In many occasions, one frequent user
was in charge of the input device and the other office workers
watched or gave instructions on what interaction they should do.
This fact hinders the social interaction in the social setting of the
coffee corner.
Due to the nature of the coffee corner, the system is only used
during breaks. Since the office workers have a limited time to
spend during breaks, they appreciate a low effort, fun interaction
and immediate feedbacks from the system. For example, a smart
display on the table which detected where the user was standing
(by placing sensors on the carpet) and changed its orientation
based on the user’s standing location was highly appreciated and
played by the office workers.

Figure 1 Observed Coffee Corner
Furthermore, we noticed that the behaviors of the office workers
while they are in the coffee corner vary from person to person.
Therefore, it is important to know the type and characteristics of
the office workers. Based from our observation, we distinguished
three groups of users1:

2.2 Collecting Ideas from the Users

1.

Frequent users.
They have coffee regularly in the observed coffee corner
and perform social interaction with each other.
Frequently they invite their colleagues to drink coffee
together. They often refer each other as “coffee buddy”.
2. “Looking familiar” users.
They have coffee occasionally in the observed coffee
corner. Their visits are incidental. They are employees
of the office but they neither frequently work together
with the frequent users nor share the same floor with the
frequent users. They could be project partners from
other companies or universities.
3. Guest users, visitors of the employees.
They are visitors of the employees, thus they are seldom
in the coffee corner. In most cases they are always
accompanied by the visited employee due to their
unfamiliarity with the area.
It was observed that in order to share information, the office
workers brought along printed document, printed pictures or parts
of newspaper to the coffee corner. Some of this hard-copy
document were then collected back, left on the coffee table or
hung on the wall. Many office workers brought along their
personal devices such as hand phones or PDA'
s so that they can
show their information i.e. pictures through their personal
devices. Occasionally, they went to the coffee corner displays to
look for some information on the internet and shared the
information with their colleagues.

2.2.1 Method

One finding from the observation is that the users discussed many
ideas of the application that they would like to have while they are
in the intelligent coffee corner. The intelligent technologies
available around them might have stimulated this idea generation
process. However, those ideas disappeared since nobody was
there all the time to collect them. Therefore, we created an idea
“submitter” and displayed it on the coffee corner display2. The
idea submitter copies the function of an idea box (a form where
the office workers can submit their ideas to us). Other
considerations displayed via the idea submitter on the coffee
corner display were to socialize the existence of the shared display
and to entice the office workers to interact with the display.
Furthermore, the idea submitter was available online and was
running for two weeks. By collecting the idea online we gave the
office workers the opportunity to submit their ideas from their
personal PCs as well. Finally, in order to protect privacy and to
promote creativity, the office workers could choose to submit
their ideas anonymously.

2.2.2 Result

Many received ideas are examples of applications that the office
workers would like to have and technologies that we can use in
developing those applications. In total 23 different ideas of
applications were received. We analyzed the proposed ideas by
organizing and grouping them based on similarity of interests,
resulting in five categories of potential applications.

As for the interaction with the system, the behavior was different
for each group of users. The frequent users were familiar with the
area and interacted frequently with the intelligent devices. Their
familiarity with the system caused them a tendency to
occasionally try out the system if there is any new feature has
been added to the system. The looking familiar users needed to be
informed and encouraged to interact with the system. They tended
to interact with the system after the frequent users has interacted
with it. The guest users had to be invited, explained and offered to
interact with the system.

1

2

In this paper, the terms office workers and users are use
interchangeably
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1.

Company Awareness
The office workers would like to have an application
that makes them aware of the events that are happening
within the company. The events could be about
upcoming presentations, new employees, etc.

2.

Personalized Information
The office workers would like to share their selected
personal information with their colleagues. The selected
information could be the users' interesting links,
pictures, videos, etc.

The
online
idea
capturer
is
available
http://wwwhome.cs.utwente.nl/~meppelin/Nisa/start.html

on

3.

Games
The office workers would like to have short and
interactive games during breaks to play with their
colleagues. Competitions among office workers were
also favored by providing information about the
progress of the game or who wins the game. The games
could be polling games, puzzles, quizzes, etc.

4.

Idea Publisher
The office workers would like to have a system that
supports exchanging ideas among the office workers.
The system should allow the office workers to submit,
publish and comment ideas. The ideas could be about
project, team building, social activities, etc.

5.

Figure 2 Brainstorming Sessions
the idea submitter merely answered the kind of interactions that
can be occurred in the coffee corner, the brainstorming sessions
allowed us to get more insight into the submitted ideas.

Who is where and what
The user would also like to know where their colleagues
are and their current activities. They would like to know
where their "coffee buddies" are and be able to contact
them from the coffee corner.

To clarify the approach, a part of the result of the brainstorming is
presented below. The texts in brackets, italic and right aligned are
the comments from the office workers. The selected comments
were representative of the brainstorming session. Our
interpretations of the comments are presented right after the
comments. The complete list of comments and their
interpretations for each scenario collected is described in [5].

One finding was that all of the people who submitted their ideas
together with their names were the frequent users of the observed
coffee corner. We argue that it was perhaps due to the familiarity
with the environment, and were not feeling timid to submit their
ideas onymously.

“I would like to know what is going on today”

2.3 Coffee Break Brainstorming

The scenario was highly appreciated by the users. They
would like to know what is currently happening in the
office. They provide more examples of information that
they would like to know, i.e. information of the
colleagues who are being ill today, who are on business
trips, etc. This finding concludes that the content of the
information should be semi-formal information and the
information should be updated timely (requirement
no.1).

2.3.1 Method

Since the office workers are in the coffee corner during their
breaks and the intelligent devices are installed in the coffee
corner, we chose the coffee corner as the place to brainstorm with
the office workers. An invitation email was sent to all of the office
workers to join the brainstorming sessions. A preset script of
questions was used as a framework to keep the discussion
running. This gave us the opportunity to get a deeper analysis
about the potential applications, to know the concerns regarding
the applications and to discuss possible solutions to overcome
those concerns.

“No typing for keyboard, but for example scanning your badge
for information”
The office workers were not in favor of having keyboard
or mouse as their interaction input devices. They
claimed that keyboard and mouse only allow one person
access. Moreover, keyboard and mouse give them the
feeling of being behind their computer again during
their break time (requirement 4 and 5).
We adopted affinity diagrams [6] to organize and analyze the data
from the brainstorming sessions resulting in a list of user
requirements for the design of applications for the intelligent
office coffee corner. A list of requirements that is generic for all
scenarios is presented.

We visualized all five possible applications in short scenarios. We
chose to visualize the scenario with animation because we think
the animations can capture the office workers attention, thus
trigger discussions among the office workers3.
The visualization was uploaded on the coffee corner display. A
moderator was present in the coffee corner and was in charge to
lead the discussion. The comments of the office workers were
noted on post-it notes by two note keepers. Since we have five
categorizations of ideas, we presented one idea each morning.
When there was a crowd of office workers in the coffee corner,
the moderator went there and collected more users’ opinions.
Post-it notes, pens and a flip board were placed next to the display
so the office workers can see each other comments.

1.

The content should be semi-formal information e.g.
upcoming presentation, new employees, etc.

2.

The system should support personalization by providing
a possibility to present the office workers’ selected
personal information.

3.

The system should entice curiosity of the user by
providing them daily updated information and an
interesting interaction input device.
The system should support access from multiple users
so that the user does not need to take turn in interacting
with the system.

2.3.2 Result

In general, every brainstorming session took 30-45 minutes and
was attended by 10-14 office workers. A considerable amount of
qualitative feedback from the office workers was collected. While

4.
3

The
animated
scenarios
are
available
on
http://wwwhome.cs.utwente.nl/~meppelin/Nisa/scenario.html
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5.

On Friday afternoon, Dan is in the coffee corner with his other
colleagues. They were talking about their plan for the weekend.
Dan remembers about the interesting link that he found. Dan
gives his consent to display his personal space on the display. The
display presents his personal space and Dan suggests his
colleagues to join him for the cycling trip.

The interaction should be easy and fun to use and
should not remind the office workers of their personal
PCs.

2.4 Experts Design Session

An experts’ design session was organized to collaboratively select
and design scenarios that will be implemented for the intelligent
coffee corner. Six experts coming from various expertise groups
were invited. The experts are the office workers of the office in
focus, thus they are also the potential users of the system.

3. CONCEPTUAL DESIGN

The basic concept of the system is that it broadcasts general
(requirement 1) and personalized (requirement 2) information.
General information supporting company awareness can be
published and accessed by every office worker. In this way, the
system acts as an interactive broadcasting system. The
personalized information acts a personal space where the office
workers can publish their selected information to the coffee
corner. It can only be displayed on the coffee corner display if the
owner has given his consent for publishing. In this way, the
system acts as a personal public display that provides an easy way
to share personalized information to the office workers present in
the coffee corner.

The session started by reflecting the results from the
brainstorming sessions. A moderator was present to give the
overview of the result of the brainstorming sessions i.e. to present
the user requirements and the pros and cons of each scenario. The
experts were asked to discuss the best scenarios that will be
implemented in the observed coffee corner by considering the
result of the brainstorming sessions.
The session resulted in a decision to implement scenario 1 and
scenario 2 because of several reasons.
a.

They appeared to be the most favorite scenarios by the
users. It is shown by the number of positive feedbacks
(written on the post-its notes) that we collected and the
frequency of the scenarios was raised back by the users
during the brainstorming sessions.
b. They support social interaction among the office
workers. They are a giving and receiving system, which
provides exchanging of semi-formal information among
the office workers.
c. Finally, they give the possibility to entice the office
workers to interact with the system by giving them
"unexpected" feedbacks. From on the study of
Agamanolis [1], half the battle in designing an
interactive situated or public display is designing how
the display will invite that interaction. According to
Churchill et al. [2] users needed constant
encouragement and demonstration to interact with the
interactive public display. The systems will shows daily
information based on the received information from the
office workers. Thus, by showing updated information,
we aim to entice curiosity of the office workers so that
they will interact with the system.
Based on this result, new scenarios refining scenarios 1 and 2 are
designed.

3.1 Technology Alternatives

As mentioned in the observation result, the current input devices
force the user to perform turn taking interaction with the system.
Therefore, on the technology choice we focus on how to make the
interaction access in the coffee corner more “social” by allowing
multiple people to access the system without needing to take turn
(requirement 4).
We considered several technologies as input devices i.e. speech,
RFID and Bluetooth technologies (see Figure 3). These
technology alternatives were sketched on paper and being
discussed with two experts who work in the office in focus and
know very well the constraint of the coffee corner area. They are
being compared with each other by discussing the benefit and
limitation of each technology.

About company awareness
Figure 3 Technology Alternatives

As usual, as Dan arrives at his office, he likes to start his day with
a cup of coffee. He goes to the coffee corner and he meets his
colleagues there. Dan and his colleagues wonder what is going
on in the company today. They approach the coffee comer display
and ask the coffee corner system to present the events of the day.
The coffee corner display presents them the events of the day
including a birthday of Peter and a presentation of Karin.

The speech interface was not chosen because the speech interface
is unreliable in a noisy environment (with multiple audio inputs).
We considered using Bluetooth technology from the users’ mobile
phone to interact with the system. However, we think that this will
make the coffee corner less social because every office worker has
their own input device so that they can access the shared display
without needing to negotiate with each other.

About personalized information

RFID tags, which are covered in interesting forms are chosen
(named as interaction tags for the rest of the paper). The
interaction tags are spread on the table so that the user can easily
choose and pick up the tags, thus involving multiple users in
deciding what information should be displayed on the coffee
corner. It does not require the input devices (like keyboard and

Dan is sitting in front of his personal PC. He is browsing on the
internet and he founds interesting information about a cycling
trip. He thinks this information could be interesting to share with
his colleagues. He published the information to his personal
space in Coffee Corner System.
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mouse) to be passed around. This input device makes all of the
office workers to have the same right in accessing the system. The
user can choose the interaction and even disrupt each other in
interacting with the system. By this way, we copy the way people
make decision in regular conversation by giving the office worker
chances to negotiate and disrupt each other while interacting with
the system. It facilitates a social way for interaction allowing a
group of people interaction with the system simultaneously,
especially in the given social setting.

Figure 5 Form Factor Sweets

Scenario company awareness does not require consent from the
users. However, scenario personalized information requires the
system (1) to recognize the user who attempts to use the system
and (2) to get consent from the receiver that his or her
personalized information will be displayed on the shared display.

Both form factors are designed in these forms in order to make the
input device playful and interesting for the office workers. More
importantly, the forms will raise curiosity of the office worker,
especially for the looking familiar and guest users.
Having considered the coffee corner environment, we opted for
form factor of candies. The office workers bring along their
badges while they are in the coffee corner and occasionally put
their badge on the coffee table. By having the reader on the plate,
the reader is obvious to the office workers, thus prevent the
system to present personalized information by mistake.

As a next step, a technology that can recognize the user and
facilitates an explicit consent from the user needs to be chosen.
The office workers badges have been chosen for identification to
get access to their personalized information. The main reasons are
the office workers can use their own badge to initiate the
interaction. Since every office worker is required to wear his or
badge everywhere in the office, we do not need to force them to
carry along a new device for personalization. More importantly, it
is an unobtrusive and accurate way for recognizing the office
worker and giving consent to the system to display the user’s
personalized information.

3.3 Information Design

The home screen presents two categories i.e. general information
supporting company awareness and personalized information. To
help the use of the menu, navigational cues for possible
presentation are presented on the display (see Figure 6). A red
candy will present the general information and the badge presents
personalized information. The users choose the category that they
want to present by placing either the red candy or the user’s badge
on the plate. The display then presents the requested information,
updates its screen and presents the next possible presentation. The
same concept is valid for the next presentation. The user needs to
see the display and then selects the interaction tag corresponds to
the information that the user wants to display.

3.2 Interaction Tag Design (Cards vs. Sweets)

Other than functional aspects, we are also interested in aesthetic
ways to entice curiosity of the users (requirement 3). We design
the interaction tags so that they are easy and fun to use and do not
remind the office workers of their personal PCs (requirement 5).
1. Form factor of colorful cards.
A collection of available cards is spread on the table (A) and the
reader is embedded on the table (B). This form factor provides
easy interaction from the users. It only requires the user to select
the card that corresponds to the information that user wants to
display (C) and drag the card without needing to lift up the user’s
hand.

Figure 4 Form Factor Cards

Figure 6 Navigational Cues on the Display

B. Form factor of candies. A collection of available candies is
placed in a box (A) and the reader is embedded on a plate (B).
The metaphors of candies and the plate match the environment of
the coffee corner. Instead of dragging (as in form factor cards),
this form factor requires the user to take the candy out of the
candy box and move it to the plate (C).

4. IMPLEMENTATION

The prototype has been implemented as a web-based application
running on the coffee corner display. The information presented
on the coffee corner display is facilitated by two databases. The
first database is the information database that contains data that
will be presented on the coffee corner display. For this purpose, a
web interface has been implemented in order to push information
to the information database. The second database is the context
database that contains the history of RFID identification from the
information retriever. The RFID identification is provided by the
Context Management Framework (CMF) [10].
This is a
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distributed system that aggregates context-information about
users. In this situation, it is used to control the interaction between
the user and the RFID-readers on the coffee table, whereas the
web-based application actually executes on the Coffee Corner
Display. It provides the attributes location, time, and RFID tag
number to the database.
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ABSTRACT
This paper describes a design development cycle for ambient
systems. Other than the traditional software development
concepts, we concentrate on the challenges of ambient designs. First we introduce the Ambient Development Cycle
which consists of four designing stages. By trying to find a
formula to rate the “level of ambience”, we identify a few
factors that seem to be important for ambient systems. We
think that having such a formula would be of great help for
developing, designing and comparing different concepts of
systems.

1. INTRODUCTION
The increasing demand for ubiquitous computing and disappearing computational power embedded in our everyday
environment created the idea of ambient intelligence. On
one hand such systems should work in an intelligent way to
support persons in their everyday environment by providing
different services. On the other side such a system that consists of software and hardware must be integrated seamlessly
in the environment. In this paper we will focus our attention on the ambient part of ambient intelligence, especially
the requirements for artifacts that have to be integrated in
a room to get an instrumented environment. That also includes the ambience of the uninstrumented room which represents the starting condition and at the same time the presettings for design choices.
In our notion we understand the paradigm of ambient intelligence, especially the ambient part, as the disappearance
or seamless integration of smart objects in an environment
to provide unobtrusive user support [3]. We will start with
the assumption that a given environment has a natural level
of ambience in terms of “atmosphere” as a result of existing furniture and objects. It is hard to evaluate that level
because of the individual and subjective understanding of
esthetics. This is the reason why we should try to hold up
the original room style, adapt the hardware to it and compare the instrumented room with the original.
The question is how can we build an ambient system start-
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ing with the goal that describes what services the system
should provide, followed by the requirement analysis, the
design process, the modification step and finally the integration in the environment. The complex process of developing
software products asks especially for efficient design models where we should also take economical constraints into
consideration. In this paper we introduce an assistanceconcept for developing ambient systems. We take a look
at the economical interplay between technical hardware and
the environment in which the hardware should be seamlessly
integrated. The question why it could be interesting to have
a description for the “level of ambience” will also be introduced in this paper and hopefully builds the starting point
for a constructive discussion.

2.

AMBIENT DEVELOPMENT CYCLE

The well-known waterfall model [9] introduced by Winston
W. Royce in 1970 was one of the first practical models for
software development. Despite of many justified criticism
and modifications the core idea is still comprehensible and
feasible for smaller developments . Improved design strategies came up, e.g. the Prototyping Model or the iterative
and incremental approach of the Unified Software Development Process (USDP) [6]. Another famous and vivid model
is Barry Boehm‘s Spiral Model [2] which takes changing requests into account (one of the main problems of the waterfall model). The main idea of the spiral model is the
refining of the four development steps namely analysis, concept, coding and testing by repeating these steps until the
product is satisfying. It provides the basis of our Ambient
Development Cycle (Figure 1) that will be introduced in the
following in which we turn our attention to an extension for
ambient systems.

2.1

Phase I: Analysis

The goal is in the center of the development cycle which
means we have to make sure that in all four phases we check
whether the actual step fulfills the goal or is part of the
goal. A typical goal could be the unobtrusive augmentation
of a room with smart objects to provide intelligent humansupporting services.
In the beginning of the analysis we divide the the main
goal into three analysis components in which we define the
requirements in the fields of human-factors, environment
and technology (hardware and software). The main focus
in technical ambient systems lies on the unobtrusive and
ubiquitous assistance of human beings with computational
power integrated in their everyday environment. On the one

under certain aspects, you should ask yourself the question
whether to modify the existing software or to build up a new
system. The use of an user modeling service (e.g. UbisWorld
[5]) should also be taken into consideration to make the services more personalized in the sense of the human-centered
approach.

2.3

Phase III: Modification

The chosen design strategies for room model, hardware and
software of the previous phase will be realized in the modification phase. First, there is a hardware-room compatibility test to find out whether the selected hardware and the
room can be brought together to an instrumented ambient
room. Slight modifications can be done in this step without going back to Phase II to redesign the room and the
hardware. The software development process based on the
software design decision of Phase II with a new implementation or the customizing- and modification-process of the
existing software package. The fusion of room objects and
the selected hardware takes place in the prototyping process
where a mock-up will be realized. The prototype is also
important for first interaction tests and simulation testing.
Figure 1: The Ambient Development Cycle

2.4
hand, the efficient integration of hardware in everyday objects requires the knowledge how persons interact with their
environment and what services are useful to support[7]. On
the other hand we must have a closer look on how to enrich
everyday objects with hardware with respect to aesthetical
aspects to increase the acceptance of such instrumented objects and to make a system ambient.
In the analysis phase we not only determine what is needed
but also what is already available.

2.2 Phase II: Design
The design-step includes the creation of an adequate Room
Design Model based on the analysis of the environment and
the human-factors. An important question is how the environment (e.g. a room) can be modified without violating
the original “design style”. That is also the claim for the
hardware that ought to be integrated in the room. Primarily, such an ambient hardware has to meet the functionality
of the goal but it should also take room design constraints
into account. It would be helpful if we could rate hardware
by their “level of ambience”, that should describe how easy
hardware could be integrated in an environment with respect
to ambient attributes e.g. invisibility and unobtrusiveness.
We will have a closer look on this topic in Section 3
Another important aspect that also influences design decisions are economical constraints. Whatever the motivation
for developing a system is, you are liable to financial conditions. For ambient systems the selection of appropriate
hardware that is easy to integrate in the environment can
decrease the costs for room modifications. On the other
hand, such hardware may be more expensive than traditional hardware. As mentioned above the design style of
the room should be changed as little as possible, hence the
room modification possibilities are limited. In the software
design step, it is important to select “intelligent algorithms”
for supporting and adapting the user and his/her behavior.
If there is an existing software that meets the requirements
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Phase IV: Integration

After prototyping, the system can be implemented in the
real-world environment by integrating the instrumented objects in the room. The developed software should be free of
programming bugs to make sure that no unwanted effects
occur. The final step in the development circle for ambient system is the testing and maintenance part. Especially
the testing phase should include important usability test
to guarantee a human-centered system with its characteristic features. Furthermore the “level of ambience” after the
modifications and integrations should be compared to the
beginning level and the predicted level of the design phase.
With these experiences we can learn for future developments
how the ambience of an environment can be rated.

3.

HOW AMBIENT IS MY SYSTEM?

In the introduction we stated that we want to put our attention on the ambience of a system. Imagine a room that
is stuffed with electronic devices which offer a lot of nice
services to the user but are bulky, ugly, connected by wires
and have several lights that somehow show their activity
coded in cryptic blinking which can only be understood by
experts. You wouldn’t want to have this as your living room
(unless you are a complete geek), would you? Clearly this
room has a low ambience or, as we call it in the following,
it has a very low ambience level.
It would be nice to have a way to determine the ambience
level of a system in order to compare two designs and to successfully complete the development cycle. A natural point
for this would be in the integration part of the development
cycle. Here, user studies can be used to test the β-release
(or any other release) for its ambience level. Of course at
this point of time lots of design decisions have already been
made and thus modifications of the room or the hardware
can be quite costly. A better point would be in the design
part of the cycle. It would be nice to have some sort of
function, formula or other technique that could be used to
compare the ambience level of two concepts.

In this section we want to discuss various aspects (or variables) that such a formula should include and hope that this
will lead to an interesting discussion.

3.1 A First Approach
It is clear that the ambience of a system is not a binary
function (in other words it is either ambient or not) but is
rather a gradual one (e.g. concept A is more ambient than
concept B and less ambient than concept C). As stated in
the introduction, the term ambience combines several aspects and some of them (e.g. aesthetics, atmosphere) are
subjective or depend on design principles of a time era. One
general goal of an ambient intelligent environment is to provide additional functionality (with the help of computing
devices) where the devices themselves and their interfaces
should be as unobtrusive as possible. To reduce the impact
of the subjective aspects of ambience, one could compare
the (electronically) uninstrumented room, that may have
been carefully designed by some interior designer, with the
instrumented room. Here the assumption is that the uninstrumented room is crafted in a fashion that takes the subjective aspects into account (in other words: we are shifting
the task of dealing with these aspects to somebody who
knows what he is doing). It is clear that an invisible modification of an environment does not change the ambience level
of that environment. So at a first glance the change of ambience level seems to depend on the number of visibly added
modifications. To extend this idea to two concepts C and
C ′ , that both realize the same system and are based on the
same uninstrumented environment or where C ′ is a modification of C, one could just simply subtract the number of
visible devices of each concept:
∆Ambience = #VisbleDevicesC − #VisbleDevicesC ′ (1)
Here #VisibleDevicesx is the number of visible devices in a
concept x and C and C ′ are two concepts that should be
compared. If ∆Ambience gets negative, concept C is better
than C ′ . Obviously ∆Ambience gets zero if both concepts
have the same amount of visible devices or if all devices
are hidden. Getting a positive ∆Ambience means that C ′ is
better, in terms of ambience, than C. This seems to roughly
fit the intuition but Equation 1 will change regardlessly of
the form factor of the installed devices.

3.2 Evaluating the Ambience of Devices?
Equation 1 has at least one major backdraw: It drops with
every visible device that is added to C ′ regardless of the device’s form factor (or other visible attributes).One idea to
overcome this would be to introduce a weighting factor for
each device that expresses its level of ambience or better its
level on non-ambience (e.q. some kind of ambience penalty).
∆Ambience can then be expressed as the difference between
the sum of the Ambience Penalties AP of all devices in concept C and the sum of all APs of the devices in concept
C′:
∆Ambience =

X
C

APC −

X

APC ′

(2)

C′

The idea behind this is, that non-visible devices get a penalty
of zero (AP(non-visible device) = 0). All other devices get
a penalty greater than zero, depending on their level of nonambience (the higher the penalty the worse the ambience).
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3.2.1

Partial Hiding of Devices

From the section above one could conclude that hiding electronic devices is always a good idea but of course this is not
always possible. In [4][10] we describe an indoor positioning system that works with active RFID tags and infrared
beacons that are installed in the environment. Since RFID
tags are based on radio technology they can easily be hidden
behind the wall or in the ceiling and can still provide their
functionality. Infrared beacons however work with infrared
light, which means that they cannot be completely hidden
or otherwise they will loose their functionality.
Another example for devices that cannot be completely hidden are displays that are used to inform or entertain the
user, therefore they have to have some AP greater than
zero. Since there is a vast variety of displays with different
form-factors one idea could be to take the volume of a device as a rough measure for its AP. An old fashioned, bulky
CRT monitor would get a high penalty (high AP) whereas
some slim LCD screen with the same screen size gets a lower
penalty, because it takes up less space in the environment.
An ever lower AP can be achieved by mounting a projector
under the ceiling. Using back projection should result in a
zero AP for the projector itself because it is hidden behind
the wall and therefore invisible, but intuition tells us that it
should get some AP because of the space that is used up by
the projection itself.
This shows that the ambience level should not only depend
on the device itself but also on how or where it is installed.
It is also possible to break a hole into the wall and install
the CRT screen in that hole. This should at least be equivalent to the LCD screen that is mounted on the wall. As a
conclusion we could say that the ambience penalty should
correlate with the visible volume of the device after it is installed in the environment. Furthermore, the ceiling seems
to be a better place to mount devices than the wall or some
other place that is in the normal visual field of the user.
The equation should therefore be extended with some kind
of Mounting Factor MF:
∆Ambience =

X
C

MFC · APC −

X

MFC ′ · APC ′

(3)

C′

Here 0 ≤ MF ≤ 1, which means that devices that are completely hidden get a mounting factor of zero and devices that
are completely in the visual field of the user get a mounting
factor of one. Devices at the ceiling can get an MP between
zero and one.

3.3

To be Ambient or not to be Ambient

Before we proceed with some more factors that should be
considered when evaluating the ambience of a system, we
want to investigate an example that shows that partial hiding of a device and maximizing the ambience level is not
always favorable:
Consider an example where you have to instrument a museum that exhibits the workroom of Ludwig van Beethoven
in such a way that some lifelike character guides the visitors
through a room (see [8] for an example of such a system).
Apart from a PDA (Personal Digital Device) this system
uses public displays to show movies, animations and the
lifelike character itself. Of course in the times of Beethoven

has a specific ambience level today may have another ambience level at some point in the future. In situations where
historical correctness is inevitable some design elements or
devices simply cannot be used. These considerations need
also be taken into account in the formula, maybe as another
weighting factor similar to the mounting factor.

3.5
Figure 2: Loudspeaker camouflaged as a rock and as
a picture[1].

4.
Figure 3: A sphere shaped TV from the 60’s.
no such technology as television existed and so there is no
way to integrate the hardware into the workroom without
violating historical facts. In that case it is better to expose
the hardware as something that clearly does not fit in the
environment. So the desired ambience level seems to also
depend on the goal.

3.4 More Design Factors
3.4.1

Camouflage

Instead of complete or partial hiding of devices there is also
the possibility of camouflaging the hardware. Figure 2 shows
a loudspeaker in the design of a rock and one designed as a
picture. Clearly, if the design of a device fits into the environment the MP factors need to be adjusted accordingly.

Economical Constraints

In Section 3.2.1 we took public displays as an example and
we concluded that installing a CRT screen into the wall
should have the same ambience rating than a flat LCD
screen. Intuitively there should be some difference between
both approaches: Breaking a hole into the wall is of course
a financial factor and so is CRT or LCD screen. It may be
that an LCD screen of a certain size is much more expensive
than a similar CRT monitor, so that breaking a hole in the
wall plus the expenses for the CRT device is cheaper than
the flat screen. To take these things into consideration we
would need a new measure that expresses the “economical
ambience”:
LevelOfAmbience
economical ambience =
(4)
Costs

CONCLUSION

As we have seen in this paper the development process for
ambient systems differs from the classical software design
cycle especially in the design phase. The necessity of a careful hardware selection under consideration of not only goaloriented aspects but also under observance of a given room
style provides the basis for an effective enrichment with computational power in our everyday environment. The question about the ambience of a system brings up the need to
identify more ambient parameters, their interaction, evaluation and manipulation. Perhaps the biggest challenge will be
to find an appropriate graduation or scale for describing the
ambience level of rooms and hardware. We have to lift up
the subjective feel for style elements to a more abstract and
scaleable level. Furthermore, if we are able to model the ambient factors that combine hardware and environment with
respect to economical constraints, the development process
will be more flexible and personalized.
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Historical Era

In Section 3.3 we described a very restrictive museum scenario which forced us to be historically correct. However,
there are similar scenarios in which the restrictions are not
that hard. A room, for example, that is designed in the
style of the late 60’s or early 70’s just because the owner or
original designer digged that style. That particular era’s design style is very futuristic, which can be a great advantage
for an easy integration of electronic hardware. Think about
60’s hifi systems, that had lots of knobs, analog meters and
blinking lights or think about sphere shaped television sets
(see Figure 3) that should remind the observer of an astronaut helmet. These design elements seem to make it even
easier to seamlessly integrate high tech devices in the environment and it may even be the case that they add to the
ambience of the room (in terms of atmosphere).
Clearly the historical era influences the design (the look)
of electronic hardware which also means that a room that
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In the Customer Vendor Intervention Instruction Information
(CVIII) Matrix, we propose a taxonomy for defining the different kinds of user assistance from the perspectives of the customer (device user) and the vendor (information source).

ABSTRACT
The connotations of the term “user assistance” depend on the
context in which it is used. In this paper we propose a user
assistance matrix for mobile devices in intelligent environments based on the kind of assistance being offered and the
origin of the call for assistance. Creating this matrix makes it
possible to understand what issues need to be addressed in
order to provide effective user assistance in various scenarios.

2. The CVIII Matrix
The active categories in the matrix are spelled out in the title.
Columns are headed “Customer” and “Vendor.” Rows are labeled “Intervention,” “Instruction,” and “Information.” Table 1,
below, describes each intersection of the matrix.

Categories and Subject Descriptors
H.5.2 [Information Interfaces and Presentation]: User Interfaces – Theory and Methods, User-centered design, Interaction
Styles; User Assistance.

Table 1. CVIII Matrix.
Intervention
(Help)

General Terms
Documentation, Design, Theory.

Keywords
Models, Principles, Intelligent Environments, Ubiquitous Computing, Mobile Computing, Intervention, Instruction, Information, User Assistance

Instruction
(Training)

1. INTRODUCTION
Our fundamental premises are: a) Mobile devices are ubiquitous; b) Mobile devices are evolving an expanded feature-set;
and c) Users and vendors see mobile devices as a desirable way
to send and receive personalized information. This paper examines the type of assistance that might logically be offered to
mobile device users on their devices.

Information
(Advertising)

As mobile devices become more powerful, they also become
more complex, potentially leading to greater user confusion and
requiring a larger base of learning in order to operate them
effectively. This is especially true in the early stages of adoption or during a time of rapid increase in functionality. Usability testing suggests that more powerful devices also lead to
higher user expectations for flawless and error-free operation.
Users expect to find stored personal information (contacts and
phone numbers) and on-demand information (directions and
traffic conditions) on their mobile devices. Vendors of mobile
content see this as a largely untapped means of promoting their
goods and services, but because mobile devices present an
equally large target for malicious attack and theft of personal
data, individual privacy and security concerns must be considered carefully.

Customer
Originates with customer’s statement of
failure and requires
an
immediate response.
Originates with customer’s
question;
does not require immediate assistance;
customer has time
and desire to learn.
Originates with customer’s search for
information; Results
may include paid
advertising that gets
preferred placement.

Vendor
Originates with vendor’s need to get urgent info to the customer; ften regarding
a failure not yet recognized by the user.
Originates with vendor’s suggestion offering a reason or
motivation to learn
more about a service.
Originates with vendor’s
opportunistic
suggestion based on
user context, but
without a specific
user.

The matrix recognizes a difference between assistance in the
form of intervention (help), instruction (training), and information (advertising). It distinguishes among these according to
who initiates the UA request. The “Vendor” column closely
parallels [2]’s “incidental interactions,” defined as “where
actions performed for some other purpose, or unconscious
signs, are interpreted in order to influence/improve/facilitate
the actor’s future interaction or day-to-day life.”1 Where [2]
explores “designed interactions,” the CVIII matrix attempts to

1
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where all businesses with telephone service were listed, but a
business could pay for various levels of enhanced placement or
expanded content. Advertising in this context responds to a
customer’s request for information. Examples include:

extend that concept to include broadcast information as well as
secondary use of actor (customer) stimuli.
Intervention is always offered when a failure has occurred or is
imminent. It is immediate and must be available when the user
is in a “non-connected” state. Instruction, on the other hand, is
offered at the user’s leisure when there is no imminent failure,
but a desire to learn. Information is offered opportunistically in
response to user requests or location and context awareness.

•

“What department stores are in this shopping mall?”

•

“Where can I buy fresh fish?”

•

“Is there a good restaurant near here?”

Most information requests can be phrased as a question, though
they may simply be based on a keyword search, as in “restaurants, Bellevue, downtown.” This topical selection helps customers get results that are more relevant to their actual request.

It is worth mentioning that the “information” row typically does
not relate to the device itself. That is, customers seldom initiate
requests for information about their mobile devices; they initiate requests for information about the world around them.
Similarly, vendors want to push world-related information to
the user.

2.4 Vendor/Intervention
This scenario typically begins with the vendor identifying a
potentially disruptive experience, resulting in vendor-initiated
assistance. The customer may not be able to see, or even recognize, the system failure. Nonetheless, the vendor/intervention
scenario is defined by the timeliness of the intervention. Some
examples of vendor/intervention scenarios include:

The matrix also differentiates between assistance initiated by
the customer and that initiated by the vendor. While help and
assistance that address customer-initiated requests are available
on nearly every kind of device, there are currently few environments that enable vendor-initiated assistance.

2.1 Customer/Intervention

•

“Help! My customer has left my service area.”

This scenario typically begins with a failure in expected functionality or in the user experience, which generates a statement
of condition. These failures may be widely disparate, but typically the customer knows something is wrong but may not have
adequate information to ask a specific question. Some examples include:

•

“Help! My customer’s device is not responding.”

•

“Help! My customer turned into a blind alley.”

•

“Help! I’m lost.”

•

“Help! It didn’t work.”

•

“Help! I can’t connect.”

Note that these are statements of a situation the vendor feels
merits intervention. From the vendor’s perspective, the system
has failed. This is the vendor’s opportunity to intervene on the
customer’s behalf, and to provide critical information to the
customer before it becomes a customer/intervention scenario.

2.5 Vendor/Instruction
This scenario typically begins when the vendor identifries an
opportunity to optimize device usage. Customers use a fraction
of the features and capabilities of their mobile devices. This is
increasingly true as customers are presented with a wider range
of usage scenarios. This is an opportunity for vendors to push
training to the user rather than waiting for the user to ask for it.
Some examples of vendor instruction scenarios include:

Note that these scenarios imply a request for intervention. An
immediate task or function has failed and the device is nonoperative. The user does not know what kind of question to ask,
only that a problematic situation exists.

2.2 Customer/Instruction
This scenario typically begins with an inquiry about a task for
which there is inadequate knowledge. Any aspect of the device
may be a subject for training, but the key element here is that
the customer has a specific scenario in mind when asking. Examples include:
•

“How do I use my GPS tracker?”

•

“How do I manage music on my device?”

•

“How do I send an international text message?”

Note that, in contrast to help requests, customer training requests are typically “how-to” questions. They relate to a scenario, not to a feature; in fact, the user may not know if the
scenario is supported at all. In each instance, the user opens a
door for exposing functionality.

•

“You have used that feature three times recently.
Would you like to automate the process? Here’s
how.”

•

“Did you know you can send the photos you have taken to other people? Here’s how.”

•

“There are seven others playing this game within 100
meters of you. Would you like to contact them for
joint play? Here’s how.”

We see the pattern here identifying a scenario and offering
“how-to” instruction. The vendor instruction scenarios are opportunistic in that they expand or improve the customer’s use of
the device and/or services. We have learned from experience,
however, that users show little patience for unsolicited tips that
are imposed on them unless they have “opted in” for such information.

2.3 Customer/Information
This scenario typically begins with a search query. Through the
widespread use of internet search engines, customers have become accustomed to receiving search results that include paid
placement, or advertising. This began in telephone directories,

2.6 Vendor/Information
This scenario typically begins with a vendor’s unsolicited
broadcast of information. This is advertising. It may take ad-
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user, the environment, and the circumstances are key concepts
for implicit HCI.”2 In many cases, however, the actions that set
context for interpretation do not need sensing apparatus beyond
that which is already present on advanced mobile devices. Both
GPRS and WiFi networks can identify location (where the customer is) and presence (whether the customer is available for
contact on the device). Technologically, we have the ability to
provide user assistance in many intelligent environments; but
emotionally, we may find resistance to any “help” that is offered without a request.

vantage of user context to give actionable suggestions. Information messaging may be highly targeted and individualized. In
this instance, messages may be received because of the customer’s location. For example:
•

Flash: Mariners beat Yankees 6-1. To subscribe to local sports press #618-Send.

•

Flash: Did you forget the cat food? Your brand is in
aisle seven! (Customer is checking out with kitty litter in basket.)

It is easy to see that such pinpoint targeted advertising might be
highly successful, if the customer has elected to receive such
offers. If those offers come to the customer by surprise, they
may be resented or even feared as an invasion of privacy.

It would be a mistake to emulate failed designs for such assistance. A noted example of this is Microsoft Office’s “Clippy”
assistant which has been removed from their products. We will
find that the amount of intervention that customers will tolerate
likely will vary by context and by the customer’s understanding
of what is offered, at what cost (monetary, privacy, annoyance,
etc.), and with what benefit (convenience, efficiency, etc.).

3. USING THE CVIII MATRIX
A clear taxonomy of the problem space will help to define the
ways user assistance can be offered. Each cell in the matrix has
unique issues that need to be resolved in order to suggest a
comprehensive solution. As we compare these issues, we can
also see where there are common solutions that can be used
across assistance models. We will observe, in fact, that mobile
user assistance itself crosses over into user assistance for ubiquitous computing in all its forms. The following table begins
the development of the issue matrix but is not meant to be a
definitive list.

Our proposed next steps in this investigation are to 1) identify
more completely the matrix of issues, 2) determine user tolerance for vendor-initiated UA in different contexts, 3) recommend contextual designs for UA that satisfy vendor desires and
customer concerns.
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Table 2. Issues of CVIII user assistance
Intervention
(Help)

Instruction
(Training)

Information
(Advertising)

Customer
- On-device footprint
- Context sensitivity
- Interrupted connectivity
- Screen presentation
- Updatability
- Download
- Stream
- Discoverability
- Consistency
- Synchronization
- Screen presentation
- Context
- Bandwidth/cost
- Search
- Subscription
- Non-interruption of
device use
- Screen presentation

Vendor
- Privacy/trust
- Context sensitivity
- Interrupted connectivity
- Screen presentation
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- Media
- Discoverability
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accessed through thin clients such as cellular phones or PDAs to
be a) adaptable to personal preferences of the user, with focus on
the choice of interaction modalities, and b) adaptive to the
physical-virtual context of the human actor carrying the device. In
both cases, the proposed architecture should be open both for
channeling interaction between services and user through the
mobile device itself, as well as through available input and output
facilities in the vicinity. Furthermore, real-world phenomena
sensed by the device itself or indirectly through external sensor
pools will be made available through the CHAT infrastructure as
a resource for service developers to effectively design
“intelligent” environments.

ABSTRACT
In this position paper, we describe CHAT, an upcoming project
aimed at providing multimodal context-sensitive services to
mobile users. We specifically describe two conceptual corner
stones of the project of relevance to the topic of user assistance in
intelligent environments: a) a multimodal interaction framework
targeted at providing service access through different modalities
for different real-world situations and for improving interaction
with mobile devices in general, b) an “egocentric interaction”
model for framing interaction with objects in the vicinity of a
mobile user, including also other real-world and/or computational
entities than the mobile device itself, ranging from
computationally “stupid” everyday objects to more advanced
interactive devices such as desktop PCs. The final section of the
paper is devoted to open issues in the design of the CHAT
infrastructure related to the topic of user assistance in intelligent
environments.

The multimodality of interest for us permits users to interact with
the system using several input channel simultaneously, classified
by W3C as simultaneous co-ordinated multimodality [8]. In the
research context there are already similar systems (e.g. [2]) and
empirical studies (e.g. [1]) targeting this kind of multimodality,
but also commercial tools with these interaction features are
currently developed.

Categories and Subject Descriptors
D.3.2 [Design Tools and Techniques]: User interfaces; D.2.11
[Software architectures]: Domain-specific architectures; H.1.2
[User/Machine Systems]: Human factors; I.3.6 [Methodology
and Techniques]: Interaction techniques; K.8 [Personal
Computing]: Miscellaneous.

The architecture for supporting these kind of multimodal systems
is more complex than traditional interactive systems, because we
have to consider:


parallel recognition modules for each input channel: every
module produces fragments of the overall input that must be
combined to become meaningful;

General Terms



a general methodology to interpret the meaning of the input
fragments;



a time-sensitive analysis process to determine which
fragments must be combined to become meaningful;



a module to manage the overall user/system dialogue;



criteria to adapt the input/output modalities to the users’
needs and the environment in which they actually are.

Design, Human Factors.

Keywords
Multimodal interfaces, mobile human-computer interaction.

1. INTRODUCTION & PROBLEM
DESCRIPTION

We deliberately try to make the infrastructure as general as
possible because we believe that multimodal adaptability and
adaptive features are beneficial independent from the area of
application. For the purpose of evaluation however, the CHAT
project will develop mobile multimodal prototype applications
related to two particular activities: e-learning and exploration of
cultural heritage.

Mobile computing implies computing in more varied physical
contexts than desktop computing. Different situations enforce
different constraints as to what kind of device interaction and
assistance that is needed; technically possible to offer; socially
acceptable to perform; etc. To some extent, interaction style is
also a matter of preference (e.g. some people prefer headsets
when using cellular phones, others prefer using only the phone
device itself).

1.1 E-learning
E-learning is an area investigating the possibilities of improving
the learning process by using information technology. It enables
new forms of learning including distance learning and just-in-time

In the CHAT project, "Cultural Heritage fruition & e-learning
applications of new Advanced (multimodal) Technologies", we
intend to develop a software infrastructure that allows services
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learning. Advantages include new possibilities in distributing
learning material through both computer and communications
technology. Such devices can include personal computers,
CDROMs,
Television,
PDAs,
and
Mobile
Phones.
Communications technology enables the use of the Internet,
email, discussion forums, collaborative software, classroom
management software. Courses can be tailored to specific needs
and asynchronous learning is possible. The “any time, any place”
nature of e-learning could be a winning strategy for particular
needs, such as decongestion of overcrowded education facilities,
support for learners or lecturers who live far from schools and
universities, life-long education. Moreover, it could be a valuable
opportunity for specific groups of learners, such as disabled
learners, if the learning material is actually accessible to them.

The W3C multimodal interaction framework is not an
architecture, but a modeling framework one step above in
abstraction. It describes neither how components are allocated to
hardware devices, nor how the communication system enables the
hardware devices to communicate. [7]

2.1.1 Components of the W3C multimodal
interaction framework
Human user - A user who enters input into the system and
observes and hears information presented by the system.
Input - An interactive multimodal implementation will use
multiple input modes such as audio, speech, handwriting, and
keyboarding, and other input modes.
Output - An interactive multimodal implementation will use one
or more modes of output, such as speech, text, graphics, audio
files, and animation.

1.2 Cultural heritage exploration
Cultural heritage is the legacy of physical artefacts and intangible
attributes of a group or society that are inherited from our
ancestors, maintained in the present and bestowed for the benefit
of future generations. The term “cultural heritage” has not always
meant the same thing. Having at one time referred exclusively to
the monumental remains of cultures, heritage as a concept has
gradually come to include new categories such as the intangible,
ethnographic or industrial heritage. A noteworthy effort was
subsequently made to extend the conceptualization and
description of the intangible heritage. This is due to the fact that
closer attention is now being paid to humankind, the dramatic
arts, languages and traditional music, as well as to the
informational, spiritual and philosophical systems upon which
creations are based. Physical or “tangible cultural heritage”
includes buildings and historic places, monuments, artefacts, etc.,
that are considered worthy of preservation for the future. These
include objects significant to the archaeology, architecture,
science or technology of a specific culture. “Natural heritage” is
also an important part of a culture, encompassing the countryside
and natural environment, including flora and fauna. These kind of
heritage sites often serve as an important component in a
country's tourist industry, attracting many visitors from abroad as
well as locally.

Interaction manager - The logical component that coordinates
data and manages execution flow from various input and output
modality component interface objects. The interaction manager
maintains the interaction state and context of the application and
responds to inputs from component interface objects and changes
in the system and environment. The interaction manager then
manages these changes and coordinates input and output across
component interface objects.
Application Functions – The services that should be offered to the
users.
Session component - An interface to the interaction manager to
support state management, and temporary and persistent sessions
for multimodal applications.
System and Environment component - A component that enables
the interaction manager to find out about and respond to changes
in device capabilities, user preferences and environmental
conditions. For example, which of the available modes, the user
wishes to use — has the user muted audio input? The interaction
manager may be interested in the width and height of the display,
whether it supports colour, and other capability and configuration
information.
The framework designed for the CHAT project (see Figure 2) is
compatible with the Multimodal Interaction Framework
previously discussed.

2. FRAMEWORKS
The system development is guided by a multimodal design
framework for ensuring state-of-the art support for multimodal
interaction, and an egocentric interaction design framework for
guiding the analysis and design of context-aware services.

Input/Output
Manager

2.1 Multimodal design framework

Service

Antenna

We propose a framework inspired by W3C’s Multimodal
Interaction Framework that identifies major components for any
multimodal system (see Figure 1).

Specific
Logic

Keyboard
Microphone
Pen

Interaction
Manager
(Server side)

Loudspeaker
Text
DB
Graphics

Figure 2. CHAT Multimodal Interaction Framework.
Figure 1. The W3C Multimodal Interaction Framework [7].
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closely tied to the cognitive and perceptive models that human
actors construct and maintain as part of everyday life.

The Input/Output Manager is a “lightweight” software running on
the user device with the responsibility of managing the input and
output channels. I/O Manager captures the input fragments
coming from several channels and transmits them to the
Interaction Manager running on a server using suitable standard
protocols.

The term ‘egocentric’ has been chosen to signal that it is the
human body and mind of a specific human individual that
(sometimes literally) acts as a centre of reference to which all
interaction modeling and activity assistance is anchored.

The Antenna in the framework symbolizes high-level position
information received through for instance GPS, GSM, or RFID
technologies.

2.2.1 Components of an egocentric interaction
system
The conceptual system architecture (illustrated in Figure 4) is
based on a wearable computing/sensing hardware configuration
consisting of a private black box offering computing power and
storage space for data generated by an egocentric interaction
sensor pool monitoring object-centric phenomena within the
observable physical-virtual subspace of a specific human actor.
Furthermore, the private black box runs a physical-virtual
operating system hosting both advanced physical-virtual
applications developed by software developers as well as simpler
programs designed by the user her/himself. Such applications can
incorporate the manipulation of both physical objects (e.g. a
sculpture at a museum) and virtual objects (e.g. a web page
describing the same sculpture). Explicit interaction with the
physical-virtual operating system is performed through a private
black box user interface, either fitted onto the private black box
itself, or running on a general-purpose device like a PC. Implicit
interaction [5] with the physical-virtual operating system emerges
whenever the user interacts with a physical or virtual object inside
the manipulable physical-virtual subspace (see Figure 3)
monitored by the private black box. The local computing of the
private black box can optionally be enhanced by communication
with publicly and ubiquitously accessible shared object
knowledge repositories, distributing anonymous data about
objects and their everyday use.

The Interaction Manager (IM) receives the multimodal input
fragments from the user’s device and processes them to obtain a
meaningful input.
The Service Specific Logic acts on the input received and
potentially produces an output transmitted to the IM.
Finally, the IM generates a multimodal representation of the
required service that will be presented to the user by output
channels suited to the user’s preferences and needs as well as
current environmental context and device type.

2.2 Egocentric interaction framework
The user interface design in the CHAT project will be guided by
the egocentric interaction framework [3], inspired by the
currently popular view within cognitive science that human
individual actions are to a large degree influenced by what the
specific individual can perceive of the surrounding environment.
Based on a an integrated view on physical and virtual space1 [4]
objects in the proximity of a particular human actor can be
categorized as being situated in one out of four spaces, at any
given point in time (see Figure 3).

Figure 3. A situative model of physical-virtual space from the
perspective of a specific human actor at a specific point in
time. Adapted from [4].
The borders between the different subspaces are based on
assumptions of the specific human actor’s perceptive and
cognitive experience of the current physical-virtual environment,
e.g. real-world objects and/or virtual objects (presented by, and
accessed through computing devices) in the immediate vicinity of
the specific human actor. The egocentric interaction framework is
based on the belief that computer system models should be
1

In short, ”physical space” denotes the euclidean threedimensional space of the real world. “Virtual space” is the
multi-dimensional hyperspace (locally often euclidean twodimensional) accessed through interactive computing devices
such as cellular phones, PDAs and desktop computers.

Figure 4. General components of an egocentric interaction
system. (Virtual objects and shared object knowledge
repositories not pictured.)
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facing a common problem, in what way can a group of users
be encouraged to assist each other in order to increase the
knowledge level and experience quality as a group?

2.2.2 Potential application areas for egocentric
interaction systems


(physical and virtual) object logistics support — make sure
you have everything you need, make sure unnecessary
distracting objects are out of the way



activity sequence support — make sure you do it in the order
necessary



physical-virtual gap bridging support — allow for smooth
transitions between performing actions in the physical world
and in the virtual world



provide access to virtual environments and objects, including
to place virtual objects in physical space, to place physical
objects in virtual space



provide manual search and recall functionalities within the
log database of previously performed activities



provide simple support for end-user development /
programming of physical-virtual applications



extension of the user’s senses: providing info on when the
bus will arrive, how far away the person you should meet is
located



Of the key topics mentioned in the workshop call we have the
following starting points for discussion:


How to unify the complementary concepts of public and
personal devices in IEs. Being inspired by the Intel Personal
Server concept [6], We propose to regard interaction data as
private, and interaction devices (including mobile and
wearable ones) as potentially public. Distribution of
interaction devices among individual users is transparent and
can follow established social rules, while distribution of
digital data is by nature invisible and thus has to be
restricted. From another point of view, the sought-for
seamless interplay between (personal) mobile devices and
more stationary computational “intelligence” is an important
requirement, because without smooth such mechanisms,
knowledge of individual preferences will have to be inferred
on the fly rather than retrieved (at least in an “occasional
user” scenario), making the environment look significantly
less “intelligent”.



How to model user activity (terminology, structure,
notation) for the design of IEs. We believe to offer some
ideas towards framing activity in intelligent environments by
proposing the egocentric interaction framework which
centres the attention of the modeler to the users body and
mind, and which regard physical and virtual objects as
residing in the same physical-virtual space. This stance
should be interesting because intelligent environments are
almost per definition relying on a combination of real-world
and computational phenomena. There is of course more to
human activity than mere object manipulation and we look
forward to getting feedback and ideas for complementing the
model.

3. FUTURE WORK
The first step of the project will be to identify a set of concrete
use cases in the two application areas of interest. We hope to
acquire knowledge and hints from this workshop that can help us
make important design decisions, e.g. when in the studied
activities user assistance would be useful and in what form (e.g.
which kind of assistance, through what modality, and when).

4. OPEN ISSUES AND WHY WE WOULD
LIKE TO ATTEND THE WORKSHOP
We would come to this workshop with more questions than
solutions although we do believe that the multimodal framework
and the egocentric interaction model could contribute and help
framing the discussion on user assistance in intelligent
environments.
Of the questions listed in the workshop call, we find the following
very relevant for our aim in CHAT:


Which user activities and tasks require assistance? What
method or heuristic should we use to identify the most useful
and practically achievable assistance for e-learning and
exploration of cultural heritage?



How should the designer choose the best sensing and
interaction technologies for a scenario? Having a small
mobile device as computation and communication hub
between user, (“intelligent”) environment, and server (see
Figure 4): how should the service logic (see Figure 2) be
developed in order to seamlessly cope with ad-hoc
appearance and disappearance of sensors and actuators
external to the device itself?



How should the current state of the user assistance
system be represented, especially when dealing with
multiple tasks? We believe that the egocentric interaction
perspective, although still very abstract, constitutes an
interesting step towards modeling complex and concurrent
tasks because a) it attempts to capture what the user views as
important at any given time, b) it does so by making no
distinction between objects of interest residing in the
physical world and objects in the virtual world (i.e. inside
computing devices).
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How should multiple users with concurrent activities be
supported? E-learning and exploration of cultural heritage
are activities which often dynamically change from being
performed in isolation to being performed in groups. When is
synchronous communication in a community better then
asynchronous? When experiencing a common phenomena or
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ABSTRACT
We have developed ubiquitous and wearable environments which
allow us to observe infant behavior from various perspectives.
Our goal is to represent human commonsense knowledge as the
computational models, which are applied to the spoken dialogue
systems that realize smart and clever man-machine interactions by
understanding speakers' intentions and emotions appropriately.
We have established infant learning environments using natural
materials of the cedar, which enables infants to be absorbed in the
activities comfortably and safely. We have constructed
environments for infant behavior recording; we have set up
multiple cameras and microphones in the Cedar yurt. We have
also developed a wearable speech recording device to capture
infant utterances with high quality. Developing a commentcollecting system which allows everyone to make comments
easily from the multi-viewpoints, we have realized a framework
for multimodal observation of infant behavior. Utilizing the
multimodal environments, we propose a situation description
model based on observation of demonstratives uttered by infants,
since demonstratives appear frequently in their conversations and
become a precious clue to understand situations. The proposed
model, which represents the mental distances of speakers and
listeners to objects on a general and simple model, enables us to
predict speakers' next behavior. The consideration results enable
us to conclude that the constructed environments lead to
development and realization of human interaction models
applicable to user assistance systems for elder people supporting.

1. INTRODUCTION
As more and more progress has been made in the field of
ubiquitous and wearable technologies, abilities and areas of
human activities have been more widespread. As for “how to
support human activities”, the focal method has moved from
“what device should be useful for a target activity”[1] to “how the
total environments for the activity should be designed”[2, 3].
Information systems supporting human activities require a
function to supply appropriate information in good timing. In
order to realize such a function, it is indispensable to elucidate
fundamental mechanisms of intelligence controlling human
activities, such as “how humans learn things”, or “how they
decide their behavior”. In the existing circumstances, however,
such mechanisms are little understood.
In order to solve the above problems, we aim at revealing the
mechanisms of learning or behavior decision of humans by
observing particularly infants whose intelligence is under
development.
From this viewpoint, we have designed and developed
environments for recording and observing infant behavior in the
following methods;
1. Establish an infant school to observe infant behavior.
2. Develop ubiquitous and wearable environments enabling us to
record infant utterances and actions in the classes of the
school comprehensively.

Categories and Subject Descriptors
H.1[Models and Principles]: User/Machine Systems; -Human
factors, Human information processing

3. Construct workflows and frameworks enabling many people
of our research group to observe infant behavior from their
own viewpoints.

General Terms
Human Factors.

Many researches on the observations of infant behavior have been
conducted; the language acquisition process has been investigated
by analyzing the sounds of infant utterances[4, 5]. Using video
data recording the scenes of playing of infants with parents, the
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acquisition processes of spoken language and gesture have been
examined[6–8]. Most of such researches, however, are researches
that test a hypothesis postulated exclusively for their own purpose,
and the data collected by the observations are limited to those of
single modality. On the contrary, we utilize multi-stream data
recorded by cameras, microphones and sensors, and observe
infant behavior from multimodal viewpoints, focusing on multiple
modalities such as utterances, gestures, and sights.
Utilizing these environments, we have started constructing a
'Multimodal Infant Behavior Corpus,' which makes a valuable
contribution to the elucidation of human commonsense
knowledge and its acquisition mechanism [9]. This paper
describes our efforts at extracting commonsense knowledge
which can apply to dialog systems in a wide range of domains by
means of utilizing this corpus. First, we have observed the
utterances of demonstratives which appear most frequently in the
actions of one- or two-year-old infants. Then, we have proposed a
model which can describe mental states for each utterance using
uttered demonstratives as clues. The proposed model has enabled
us to study a framework of situation understanding which can be
incorporated into user assistance systems of various domains.

Fig.1 An infant learning school constituted of a cedar yurt.

ClassRoom
Space

In the next section, we describe our ubiquitous and wearable
environments developed for infant learning. Section 3 consists of
the practice of our infant school using the developed
environments, and the framework of infant behavior observations.
A situation description model is proposed as the results of the
observations of demonstrative utterances in section 4. We
consider the changes of mental states using the instances of
behavior description by the proposed model and study how to
apply the results to predict the actions of speakers in section 5.
Section 6 concludes the paper.

Observation Space

Recording Systems /
Network Distribution

Class Room

Observation Room

Fig.2 Multimodal infants behavior observation environments
Each class of our school consists of two parts; one is a classroom
time on the desk, and the other is a playroom time on the floor.
The recording in the classroom time is easily conducted by
installing cameras and microphones in their suitable places. On
the contrary, the playroom time is hard to record, because infants
move around freely. In the case of video recording in the
playroom time, the following problems have occurred;

2. ENVIRONMENTS FOR INFANT
LEARNING AND BEHAVIOR RECORDING
We have designed infant learning environments to manage our
infant school smoothly and to proceed infant behavior observation
efficiently. For the purpose of realizing learning environments
which allow infants to learn and play at ease, the school is
constituted of the cedar PAO yurt as shown in Figure 1. The
environments provide a calm and comfortable atmosphere of the
cedar to the participants, infants and their parents, which enables
infants to behave naturally.

1. Since many cameras are required, it is difficult to find target
scenes from the huge amount of recorded data.
2. Infant behavior needs to be recorded not only in an angle just
around infants, but also in many angles capturing hand motions or
facial expressions.
To cope with the above problems, we place four cameras which
allow us to operate them by the remote control shown in Figure 3.
Through the Internet, we can follow movements of each
individual infant using the cameras.

In the following subsections, we expound recording environments
for capturing thoroughly the features of infant behavior from
various perspectives.

2.1

PlayRoom
Space

As mentioned above, we have succeeded to develop the
ubiquitous environments enabling us to record the behavior of
infants wherever they move around.

Infant Behavior Recording at the School

In order to capture infant behavior in detail, many pieces of
equipment such as cameras and microphones are required. On the
other hand, the sight of the equipment may cause infants to
behave unnaturally. The yurt avoids this problem. Utilizing the
beams of the yurt, we can arrange displays, lights, speakers,
cameras, and microphones freely and inconspicuously, instead of
sticking the equipment on the wall or the ceiling of a room.
Furthermore, we can change the arrangement of the equipment
flexibly corresponding to the variation of activities in the class
and of observation methods. Figure 2 shows the recording
equipment in our school.

2.2

Recording of Infant Utterances

Utterances include important information which explains mental
behavior such as intentions or emotions. To analyze properly such
information, which is conveyed by prosodic features of speech, it
is essential to record utterances with less noise and high quality.
Speech data recorded by microphones embedded in the beams of
the yurt had the following problems:
1. Large ambient noise was included.
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Fig.3 A network camera which enables remote control.
Fig.5A Web-based comment collecting system.

3.2 A Tool for Infant Behavior Observation
In order to grasp the features of rapidly growing infants, it is
necessary to continuously record multimodal data including video
and speech streams. However, it is far more important to add
meta-information about not only general records of classes such
as dates, names of participants, and contents of activities, but also
the results of infant observation.
In observing infants, it is indispensable to collect comments from
not only researchers and teachers, but also parents who know best
what infants have learned and they have liked to play recently.

Fig.4 A wearable speech recording device.
2. Sound volume was not stable.

In order to achieve this, we have developed a Web-based
comment collecting system that enables us to access anytime via
the Web and to make comments in natural language at any
position of the video stream as shown in Figure 5. The system
allows various observers such as teachers, researchers and parents
to access the data and to add or modify comments freely.

3. Speaker identification was difficult.
To cope with these problems, we have developed a wearable
speech recording device shown in Figure 4. Two condenser
microphones are arranged near both shoulders. Recorded speech
is stocked in a voice recorder stored inside of the rucksack.

According to the practice of the infant school, the developed
system has been used for ten months. Fourteen people made
comments for infant behavior in the classes. The comments for
1,832 scenes were collected.

We have investigated the quality of speech data recorded by the
developed device. The result proved that the new device
overcame all of the above problems.

4. THE CONSTRUCTION OF SITUATION
UNDERSTANDING MODEL BY THE
OBSERVATION OF DEMONSTRATIVES
4.1 The Observation of Infant Utterances
Focused on Demonstratives

3. PRACTICE OF AN INFANT SCHOOL
AND BEHAVIOR OBSERVATION
3.1 Management of the Infant School
We have held an infant school with two sixty-minute classes
every week since June, 2005. One of the classes is for the oneyear-old and the other is for the two year-old. Each class consists
of a teacher and three pairs of infant and mother.

We have observed demonstratives uttered by infants by using
recorded video and speech data. First, the items of annotation
required to describe the features of demonstrative utterances were
enumerated. As the result of preliminary experiments using a part
of recorded data, we have selected out the following eleven items:

Two teachers manage each of the classes under the supervision of
an infant education expert who has held his own infant school for
more than thirteen years. The former thirty minutes of each class
is a classroom time; the teachers show infants various activities
using clay, paper, scissors and pencils. The latter half hour of
each class is a playroom time; while mothers get advices about
parenting from the teacher, infants play together using toys such
as blocks and balls. More than sixty classes have been held for ten
months. The length of recorded video and speech data far exceeds
120 hours.

(1): utterance time
(2): utterance content
(3): behavior with an utterance
(4): object
(5): listener
(6): physical distance between a speaker and an object
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Table.1 A situation description model based on demonstrative utterances.
(6)physical
(9)(10) psychological
(7)physical distance
distance between a speaker (2)utterance content distance between a
between a speaker
or a listener and an object
speaker and an object
and a listener
Ⅰ

S

★
Ⅱ

S

×
L

atchi(There)
are(That)

×

★
Ⅲ

kore(This)
kotchi(This way)
koko(Here)

L

S

★
Ⅳ

Ⅴ

0

0 or close

close

distant

0 or close

distant

distant

close or distant

distant

0

0 or close or distant

close

close or distant

0 or close or distant

close or distant

0

0 or close

close

close

0 or close

close

distant

0 or close

close or distant

L

kore(This)

S
★

L

S

L
★

(8)physical distance
between a listener
and an object

kore(This)
kou(Like this)

are(That)

※S: Speaker L: Listener ★: object ×: don't care

(7): physical distance between a speaker and a listener

Mother

Mother

(8): physical distance between a listener and an object

speaker’s territory
listener’s territory

(9): mental distance between a speaker and an object
(10): mental distance between a listener and an object

This

(11): notes
The items (1) to (3) are essential to the observations based on
video and speech data. The next three items (4) to (6) are added
by referring to a relevant study [10] which has observed the
practical use of demonstratives focused on the physical distances
between speakers and objects. The items (7) to (10) are
incorporated for the analyses based on the theory of "territory of
information."[11]. Supplementary description is made possible by
the note (11).

A-1

Infant

That

a speaker or a
listener

Infant

a listener is not
aware of an object

A-2

Fig.6 A example of physical and mental distances have no
discrepancy between them.
territory of his mother as a listener and distant physically from
him, the object is also distant mentally.

4.3 The Proposition of a Situation Description
Model

4.2 Concrete Examples of Situation
Description

Focused on the two kind of mental distance (hereafter MD), "(9)
MD between a speaker and an object" and "(10) MD between a
listener and an object" in Section 4.1, we have classified the
observed situations into five categories as shown in Table 1. We
propose this categorization as a situation description model. The
third to sixth columns of Table 1 indicate the examples of the
items (6) to (8) about the physical distance for each pattern. The
estimation of mental states is realized by utilizing the following
information jointly: the physical distances calculated using video
and sensory data and the kinds of uttered demonstratives.

Since the two-year-old infant has a stable skill to
distinguish between “kore” (this) and “are” (that), his
demonstrative utterances have been analyzed in detail. We
have examined the situation description of demonstrative
utterances through the analysis. Mental states of the infant
as a speaker have been considered by using the one
example scenes as follows:
Scene A (Figure 6): the infant says "kore" (this) referring to a
close object, and after a while, he says "are" (that) to another
distant object with pointing finger at it. In these cases, there is no
discrepancy between Physical and mental distances.

Category I: the MD of a speaker is <in territory>, and the MD of
a listener is <don't care>. This is the most popular pattern in the
observation. In the most cases of this category, a speaker utters to
take a notice of a listener when the speaker wants to do something
and the listener is not aware of it.

A-1: The infant says "kore" (this) touching a close chair. This
shows that the chair is in territory of the infant. Also, his mother
as a listener is aware of that and responds with a nod.

Category II: the MD of a speaker is <out of territory>, and the
MD of a listener is <don't care>. For instance, the following case
belongs to this category: a speaker is interested in a distant object,
and the speaker make a listener be aware of it. The difference

A-2: The infant says "are" (that) referring to another object far
from the chair with finger pointing. Since this object is in
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from Category I is the physical distance between a speaker and
an object.

Teacher

This

Category III: the MD of a speaker is <in territory>, and the MD
of a listener is also <in territory>. In many cases, a listener
recognizes clearly an object, or an object belongs to a listener.
Moreover, the case that a speaker is about to be robbed of an
object by a listener belongs to this category. A-1 in section 4.2 are
examples of this category.

Infant

Teacher

This,
this

That
Infant

Infant
B-1
【C-1】

Category IV: the MD of a speaker is <in territory>, and the MD
of a listener is <out of territory>. The typical case of this category
is that a speaker explains an object which the speaker has to a
listener, or that a listener mentions an object which a speaker has
to the speaker.

B-2
【C-2】

Teacher

B-3
【C-3】

Fig. 7 An example of mental state transition
“I => III => V”.
As shown in the above example, when the physical distance
between a speaker and an object is <distant> but the mental
distance between the speaker and the object is <close>, the
speaker make an action from a desire to get the object. It is highly
possible that the action is created to bridge the gap between the
physical distance and the mental distance. It is also considered
that the action includes the speaker's intention of making the
listener aware of the object to satisfy the speaker's desire. The
action transfers the mental states from Category I to Category
III. The grasp of gaps between the physical distance and the
mental distance realizes appropriate behavior supports by
proposing actions which operate well to bridge the gaps.

Category V: the MD of a speaker is <out of territory>, and the
MD of a listener is <in territory>. The following cases are
examples: a speaker recognizes that an object belongs to a listener,
and it is impossible for a speaker to get an object by oneself. A-2
in section 4.2 belongs to this category.

5. MENTAL SITUATION
UNDERSTANDING BY THE PROPOSED
MODEL
5.1 The Observation of Mental States
Transition in Scenes

On the other hand, it is possible to suppress the desire by the
intervention of another person. In Scene B-3, for instance, the
teacher's insistence suppresses the infant's desire. Such situations
in which mental suppressions appear are represented as the
transitions from Category III to Category V. In those situations,
the mental distance between a speaker and an object changes from
<close> to <distance> by the operation of suppression factors.
This action is regarded as an adaptation to present circumstances
like an acceptance of a listener's insistence. From an opposite
viewpoint, a situation in which a transition from Category III to
Category V is observed has a possibility of including behavior
suppression by a certain factor. The consideration of the factor
provides a clue to solve the speaker's worries or stresses.

Using the situation description model proposed in section 4.3, it is
possible to represent the transition of mental states as the change
of the proposed five categories I to V. From this viewpoint, we
have proceeded to observe demonstratives in infant utterances
further closely. As the examples of state transition patterns, the
following two scenes were extracted.
Scene B(Figure 7): An example of mental state transition "I =>
III => V".
B-1: The two-year-old infant points a finger at a toy on a distant
wall, and says "kore" (this). On the other hand, the teacher as a
listener next to the infant is not aware of the toy. This utterance is
to get the notice of the teacher, and has the function of drawing
the listener into the territory of the speaker. Although the MD of
the speaker for the object is <in territory>, the listener is <don't
care> for it; this belongs to Category I.

As mentioned above, we have proved that the proposed situation
description model enables us to consider the essential mechanism
of human behavior.

5.2 The Behavior Prediction Based on the
Analysis of Mental States

B-2: Though the infant says "kore" (this) with pointing the object
again and again, the teacher only says "Later!" and tries to make
the infant do another thing. So the infant comes close to the
object on the distant wall with pointing it, and says "kore" (this)
with looking at the teacher. Since the speaker and the listener are
close to the object mentally, this is classified into Category III.

As considered in Section 5.1, the proposed situation description
model has the faculty for explaining the changes of the mental
states of speakers and listeners according to the shift of scenes.
It is possible to utilize the described changes of the mental states
for the behavior prediction of speakers. For example, when a
scene which belongs to Category I is detected, a speaker of the
scene is predicted to make an action which is classified into
Category III to bridge a gap between the physical and the mental
distances. Additionally, the detection of a Category III scene
predicts that it is possible for a speaker of the scene to shift the
mental state to Category V by the suppression of a desire.

B-3: The teacher recognizes the object, repeats the same words
"After the class finished." The infant hears it, goes back to the
teacher's knee, and says "are" (that) for the object. After then, the
infant never mentions the object. The change of demonstratives
indicates that the infant's desire has been suppressed for some
reasons. The infant insists on his desire repeatedly, which is not
accepted by the teacher as a listener. At last, he gives up his
desire. It is highly possible that the reason of the suppression is
the determinate attitude of the teacher. Since the infant recognizes
that it is impossible to obtain the object, he utters "are" (that).
This situation belongs to Category V.

Therefore, to accumulate behavior observation results as the
change patterns of the mental states enables us to predict a
speaker's behavior by the following steps:
(1) For new scenes, describe mental states of actors (speakers) by
the proposed model using the behavior history up to that time.

30

(2) After representing the transitions of mental states as the
change patterns among the five categories of the proposed
model, extract patterns matched by the prefix search from the
accumulated patterns.
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be beneficial for presentations that are designed for a
specific spatial context.

ABSTRACT

Traditional signage applies their limited visibility to convey
context-related information, such as sales offers, opening
times, room occupancy, but also local rules and
prohibitions. A sign that reads “no smoking” for example is
not intended to have a global effect, but only to stop people
from smoking inside the room where they can read it. In
addition, signs have a fixed orientation with respect to their
surrounding environment, so that they are especially useful
to assist us in our wayfinding tasks.

In this position paper, we address the problems that arise
during the design phase of intelligent environments that
make use of public situated displays for user assistance. We
propose a new design process, which is based on an
architectural model of the environment. It employs a toolkit
that allows the designer of an intelligent environment to
verify the visibility of displays from various virtual
viewpoints before they are actually acquired and deployed.
Our approach furthermore allows the early evaluation of
application prototypes. We mirror the screens of real
machines to the virtual displays and use an avatar as a
positioning loopback device in order to test the behavior of
context-aware presentations.

Electronic displays, even when they are non-interactive,
offer more flexibility and can adapt their content to the
situation. In intelligent environments, they can even sense
the users and adapt their presentations according to the
users’ profiles and cognitive resources. For example, an
arrow might dynamically switch its direction according to
the goals of each individual user.

Categories and Subject Descriptions
H.5.2 [Information Interfaces and Presentation]: User
Interfaces – Theory and Methods, User-centered design,
Interaction Styles

However, the design of signs and displays poses difficulties
since the designer has to consider the visibility of the
displays from various viewpoints, and the interpretation of
directions heavily depends on their viewing angle. We all
might have experienced traffic situations, where it is
unclear whether the sign tells us to turn left or to go ahead.
Personalized information is yet more difficult to design,
since the presentations are automatically generated and
have to be evaluated for a variety of events and situations,
such as different user profiles and goals.

D.2.1 [Software Engineering]:
Requirements/Specifications – Methodologies

General Terms
Design, Human Factors

Keywords
Models, Principles, Intelligent Environments, Ubiquitous
Computing

Furthermore, testing and evaluating electronic displays
comes with high cost for the actual hardware and their
installation. It is also clearly unfeasible to try out different
positions for a large wall-mounted display, since it is an
undesirable and irreversible process to drill holes into
concrete and steel.

1. MOTIVATION
Public situated displays have great potential for user
assistance in intelligent environments, and several
applications have been published in [1]. They can be used
to complement personal mobile devices such as mobile
phones and PDAs. These small devices are always
available to the user, but their display resources are strictly
limited due to the constraints of their form factor. Whereas
public displays offer large screen spaces, their visibility is
restricted to certain locations. However, this restriction can

Hence we propose a new design process, which is based on
a virtual model of the environment and employs a toolkit
that allows the designer of an intelligent environment to
simulate and evaluate public displays from various
viewpoints before they are acquired and deployed.
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interconnections such as staircases can also be represented.
Complex environments may consist of multiple buildings
and outdoor areas, so that a single scale large model may
not be appropriate for the design process. Hence the toolkit
allows one to recursively refine buildings and rooms
through submodels of a smaller scale.

2. THE DESIGN PROCESS
In this position paper, we propose a new approach for the
design of user assistance in intelligent environments that is
centred on 3D models of the environment. These models
represent the architectural features of a place. We make the
assumption here that the environment, which is going to be
instrumented with an information system for its visitors or
inhabitants, already exists (or is at least at the end of the
planning phase) and architectural drawings are available to
create such a model.

The resulting model can be shown either in a top-down
projection, birds-eye view, or egocentric perspective. The
necessary 3D geometry for a realistic rendering of the
building is automatically created on the fly from the 2D
outlines by extending the z-axis through an extrusion
operation. Some additional object attributes such as ceiling
height and object type (wall, door, stairs) are considered.

By using our method, the interaction designer will be aware
of the spatial context during the whole design process,
from the first scenarios to the evaluation of a prototype in a
virtual environment. The environment model helps the
designer to decide which kind of assistance is required by
the user in certain places, and to choose the appropriate
interaction devices, such as displays and sensors, based on
their visibility and range.

In addition to the plain floor layout, the modelling of
furniture arrangements or queuing barriers would be clearly
desirable for a realistic simulation of environments.
Unfortunately our toolkit does not yet provide the means to
do this.

To support this, we have extended the YAMAMOTO map
modelling toolkit with a new feature that allows the
designer to model displays, and we have implemented an
egocentric perspective, so that the designer can virtually
explore the instrumented environment in order to validate
the placement and content of the displays.

2.2 Virtually Instrumenting the Environment
Once the environment has been modelled, the
YAMAMOTO editor provides an interactive view, which
helps the interaction designer to identify the places where
users are likely to require and request information from the
environment in order to pursue their activities and goals.

The proposed approach is especially beneficial for the
design of user assistance applications that include a
wayfinding component, which provides navigational aid to
the user on public displays. Our method comprises the
following steps:

The designer can now begin to add ubiquitous and
pervasive computing elements into the model, such as
sensor devices or positional beacons. These devices are
modelled through geometric primitives (such as points,
circles and sections), that represent their position, range
and orientation. Additionally, a symbolic name and ID can
be specified for hardware devices. In the RENA project for
example, we have used the toolkit to model infrared
beacons and RFID-tags, which we use for our indoor
positioning system, which estimates the position of a
mobile device based on the signals received.

• Modelling architectural features (walls, doors, stairs)
and furniture
• Virtually instrumenting the environment and visualizing
the placement of displays from an ego perspective
• Prototyping the user assistance application
• Evaluating the assistance application prototype within
the virtual environment model
• Deploying the system
• Monitoring the display content in ‘mixed reality’

In order to model displays within the environment, we have
enhanced the YAMAMOTO editor, so that the designer of
an instrumented environment can choose the display size,
aspect ratio (4:3 or 16:9, portrait or landscape) and
orientation (tabletop or wall mounted). Since the crucial
point in the setup of public displays is their visibility from
different viewpoints, the egocentric perspective provided
by YAMAMOTO helps the designer to verify that the
displays are visible to the user and allows to interactively
adjust their position, if necessary. The screenshot in Figure
1 shows two wall-mounted public displays, which have
been placed next to a door in a corridor.

In the following sections, we describe each step in more
detail, before we close the paper with a summary and
outlook.

2.1 Modelling and Browsing the Environment
For the modelling of the architectural features of the
environment, we use the YAMAMOTO map modelling
toolkit, which has been published in [3]. The editor allows
one to visually mark-up walls and doors based on
architectural ground plans through polygon meshes. In
order to keep the modelling process as simple as possible,
each floor is represented in two-dimensional space only.
However, through the use of layers, multiple floors and

The designer can assign static screenshots as mock-up
presentations to the modelled displays, which helps to
judge their comprehensibility with respect to the spatial
context. The semantics of a sign showing an up-arrow for
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example is often ambiguous – does it point forward or
upward to the next level? Nearby an elevator, the sign
would have a different interpretation than at the beginning
of a long corridor.

setup, where the real instrumented environment (IE) is
shown on the left hand side, and the virtual environment
(VR) is depicted on the right. The instrumented
environment encloses the user and comprises display
devices, distributed computing power for the application
logic, and navigational beacons. According to the setup in
our RENA project, the user holds a PDA which receives
the beacon signals and estimates its position. The position
of the user is sent to the application, which sends
corresponding presentations to the public displays.

The most interesting feature however is the ability to
mirror the content of networked displays to the virtual
environment in real time, which will be explained in the
following section.

In the virtual environment, the positioning system is
simulated through the avatar, which acts as a kind of
loopback device. As the designer moves the avatar,
location events are sent to the application, to which the
whole simulation process is completely transparent. The
presentations are rendered on real machines and mirrored
to the virtual displays. We have therefore integrated a VNC
(Virtual Network Computing) [2] client into the
YAMAMOTO rendering process, which achieves a display
update rate of approximately one frame per second, and the
virtual environment is rendered with approximately 20
frames per second.
The benefit of this testing arrangement is that both the
designer and the system developer can actually see the real
outcome of the application logic, which runs in a fully
distributed computing environment as is typical for
intelligent environments. This approach should ensure that
the system will perform well according to the designer’s
intention once it is deployed in the real environment.
Additionally, a first study with real users could be easily
conducted in this lab setting.

Fig. 1: Modelling public displays with a static mock-up
presentation (left) and a VNC real-time capture (right).

2.3 Simulation and Evaluation
In the previous design phases, the designer has created a
model of the environment and has virtually instrumented it
with ubiquitous computing elements, such as beacons for
indoor positioning and public displays. According to the
third phase of our proposed design approach, the designer
would now develop a first prototype of a user assistance
system that provides location-based presentations.
However, setting up the indoor positioning infrastructure
and public displays in the real environment takes a lot of
cost and effort, and is sometimes not even possible at all. In
public areas, such as shops or airports, no experimental
setup would be tolerated by the management, and the
developer has to simulate the whole system somehow
before it can actually be installed.

User

Avatar

Designer

VNC

Location

Navigational
Beacons

IE

Application
Logic

Location

VR

Fig. 2: The VR-Environment provides a positioning loopback device to evaluate location-aware assistance services.

Here the modelling effort of the first two phases begins to
pay off, since the developer gets the necessary virtual
testing environment for free. Figure 2 shows the evaluation
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YAMAMOTO editor in a practical course on software
engineering in 2003. Since then he has been working in the
Artificial Intelligence Group of Prof. Dr. Wolfgang
Wahlster as a research assistant and received his Bachelor
degree in October 2005 for his thesis on the hierarchical
geo-referenced modeling of environments with the
YAMAMOTO toolkit. He is currently writing his Master
thesis, which includes implementing the features that are
described in this paper.

2.4 Monitoring Real Display Environments
The simulation setting described above can be useful even
beyond the evaluation phase. For the administration staff,
which is in charge of feeding the installed application with
location-based data, such as room occupancy or route
knowledge, it might be cumbersome to check the content of
the actual displays, which are distributed all around the
environment. The virtual environment would provide an
intuitive interface for them to monitor and validate the
presentations in real time, conveniently from their office.
Viewing the display content from an egocentric perspective
would help to identify wrong presentations (especially
misleading wayfinding directions) much easier than in a
simple collection of plain windows without their spatial
context.

Christoph Stahl has received his diploma in computer
science in 2001, and has been working since then as a
Ph.D. student in the projects REAL and RENA. There he
has implemented several mobile and kiosk-based
pedestrian navigation systems and set up the architecture of
an instrumented environment. It currently assists its users
in their wayfinding and shopping tasks. Currently he is
working on a methodology to design and develop user
assistance systems that integrate support for multiple
activities and make intelligent use of Ubicomp technologies
and environments.

3. SUMMARY AND OUTLOOK
We have outlined an approach for the design of intelligent
environments, which is based on a geometric 3D model of
the environment. The model allows the designer to
virtually instrument the environment with sensor devices
and public displays and can be used to evaluate application
prototypes. We mirror the screens of real machines to the
virtual displays and use an avatar as a positioning loopback
device for location-aware user assistance applications.
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ABSTRACT
A major problem in developing ubiquitous computing applications is the simulation of the required infrastructure and
the environment in which they are to be deployed. Developers have to rely on either low-fidelity techniques (such as
paper prototypes and mental walk-throughs) or simply wait
for a full scale deployment. Similarly, even where an existing
infrastructure exists preliminary evaluations of such applications is problematic due both to the logistics involved in
coordinating subjects and experimenters on site, and the
uniqueness of each interaction (it is impossible to reliably
repeat specific visual, spatial and sensory contexts in an actual deployment). We propose an approach using immersive
video with surround sound and a simulated infrastructure to
create a realistic simulation of a ubiquitous environment in
the software design and development office. We describe the
motivations and design of our immersive video system and
discuss our initial experiences of how it can be used to aid
developers in the requirements capture, design, development
and deployment of ubiquitous computing applications and
intelligent environments.

General Terms
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Keywords
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1.

BACKGROUND AND MOTIVATION

Development and implementation of ubiquitous computing
applications require rapid prototyping and early evaluation.
However, the infrastructure to support such applications is
often not available at the time of application development
and developers have to wait for a full-scale deployment of
sensors and other components before their prototypes can be
deployed and evaluated. In addition, interaction between a
ubiquitous computing system and its users takes place in a

specific context, which may not only change frequently but
also impact how users perceive the system and how they
interact with it. Oftentimes, it is very difficult to assess in
advance which contextual factors are relevant and how they
influence interaction. This frequently requires full deployment and/or a redesign of a ubiquitous system in order to
account for specific contextual configurations or situations.
Research has shown that prototyping systems for studies is
important to understand how a system is fit for purpose
and will in practice be utilized. The degree to which an
ubiquitous computing application can be useful depends on
the ability of designer to understand and anticipate a user’s
needs. Prototyping helps in understanding these needs. The
take-up of ubiquitous computing applications in everyday
life is therefore dependent on the development of prototyping techniques that can provide useful insights into likely
usage patterns.
Many ubiquitous computing applications depend upon the
nature of a spatial interaction between a user and a physical environment, both in terms of a user’s interest in the
elements of the physical environment (e.g. landmarks in a
mobile navigation application) and interactions between the
user and sensors deployed either on the user or on objects
in the environment (e.g. components of a positional tracking systems). To capture such spatial issues virtual reality
models of a scenario have been proposed. Such systems utilize existing game engines in which a replica of a physical
environment is constructed and augment this environment
with virtual sensors.
The few reported deployments of virtual reality for prototyping ubiquitous applications have used game-like desktop simulations as high fidelity immersive visualisation of
such models require large stereoscopic displays, such as in
a CAVE, which are not widely available[7, 1]. However, although such virtual reality models are capable of capturing
the spatial characteristics of a physical environment they
inevitably lack the visual quality of real world. Furthermore, the process of creating a 3D model of a real scenario is
well known to be a very time-consuming and costly process,
and even the most sophisticated 3D designer is incapable of
recreating real world experiences and unexpected events of
environments such a shopping centers and airports.
Even where there is an underlying sensors and wireless network infrastructure many problems arise in relation to the
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evaluation of ubiquitous computing applications at the site
of an actual deployment. Such processes are time-consuming
and particular events and activities might only be intermittently available (e.g. such as the arrival of a particular plane
or bus in intelligent transport systems). Evaluations of actual deployments typically also limit the experimenter’s ability to elicit continuous feedback from users during the evaluation and preclude the possibility of recreating the same
situation repeatedly to test problems that arise as a results
of particular transient configurations of the user, world and
infrastructure.
Thus, there is a pressing need for a tool which can facilitate both rapid prototyping and evaluation of computing
ubiquitous applications within the software development office. Existing techniques, such as paper prototyping [5], suffer from their inherently low fidelity (in relation to both
visual, physical and sensory phenomena) when applied to
mobile and ubiquitous systems. These contextual factors
(such as crowded environments, visual and aural impressions of a location) are hard to recreate or convey using
standard methods. One possible solution is to use a Wizard
of Oz methodology whereby a user’s personal device (typically a mobile phone or other handheld computer) is controlled externally by an experimenter (the wizard) to simulate its planned behavior [4]. A number of problems remain
for such WOz-based approaches: they still requires participants/experimenters to physically visit the place where the
system is to be used; subsequent trials will not take place
under exactly the same circumstances (e.g. it might be raining on one occasion, while it might be sunny another time,
crowd densities will vary, etc.); significant effort may be required to build the control mechanism used by the Wizard;
some aspects of the system (such as sensors/actuators embedded in the environment) may be very difficult to simulate.

2.

THE IMMERSIVE VIDEO APPROACH

We propose the use of immersive video, to overcome limitations of applying traditional prototyping and early evaluation approaches to mobile and ubiquitous systems and to
capture the sensory experiences that we expect users to be
exposed to at locations of deployment of location-based services. By capturing video (imagery and sound) at the site
of the intended deployment of a location-based service and
simulating the sensor infrastructure, system developers can
have ready access (i.e. in their development office) to a high
fidelity recreation of a user’s experience of using a prototype
mobile system on location.

2.1

Simulating sensory experience

Immersive video systems have been proposed as an alternative form of entertainment multimedia (e. g. [6]), with the
goal of extending the traditional constraints of film to provide the user with a sense that they are in some way truly
immersed in an environment. Our system harnesses these
techniques using one or more video cameras to capture synchronized footage at key locations within an intended usage
scenario. Depending on the display facilities available to
the designers, a wide field-of- view of the scene is captured
(typically between 140-360°) and then replayed on multiple
screens in front of (or within) which the user stands.
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Footage captured at each location should be edited to create
shots that can be looped to create a sense of being at a
point in space and time, without the sensory disturbance
that can result when observing a jump from the end of a
shot back to the beginning (both in terms of the image and
the sound). A base shot at each location is first created
and a number of event shots, relevant to the location, may
be added depending on the nature of the application under
development. Depending on the field-of-view that has been
captured, multiple base shots for a location may be created
corresponding to a user standing in different orientations.
Event shots correspond to activity that is typically salient to
the application under development, for example, the arrival
or departure of a bus in an intelligent transport system, or
a change in the state of a pedestrian crossing signal in a
mobile guide application.

2.2

Simulating Events

Base shot and event shots are organized into a simple statebased model of the environment. Two-way links are created
between the base shots at a particular location, as transitions between these states corresponds to users reorienting
themselves. One way links are formed between one or more
of the base shots corresponding to spatially adjacent locations (according to the direction in which a user is allowed
to move in the scenario that has been recreated). Finally,
two way links are added between the base shots at a location and their associated event shots. A user’s location and
orientation in space, and their location in time (i.e. in relation to the events that may occur) thus correspond to their
location in the state space of shots.
Physical movement (either reorientation or translation) is
simulated by transitions between base states, and the passage of time at a location (either real or otherwise) by transitions from base shots to event shots (and back). These
transitions, which correspond to the passage of a user in
space or time, are not performed by the user but by a separate Wizard of Oz-style controller who drives that immersive
video system in response to the user’s verbal requests. Figure 2 shows state diagram for our application.
In our current system we have deliberately chosen this configuration in preference to augmenting the mobile device carried by the user with additional controls (which would do
more to undermine the integrity of the users interaction with
the device), or any hands free interaction technique, which
would most likely be hard to deploy in a typical environment
where software development is undertaken. Transitions between shots are realized using standard techniques from cinematography, such as cross-fading the image and sound of
the source and destination shots, a visual style that is instantly recognizable, and readable, for users.

2.3

Simulating the technology infrastructure

Simulating the user’s sensory experience of an environment
is one component of our mobile services prototyping and
evaluation system. The remaining component aims to simulate the sensor data corresponding to the base and event
shots. During the creation of the state space of shots, XMLbased sensor files are created for each shot specifying the
values of different sensor readings that will occur at the corresponding time and location. This sensor abstraction layer

allows the specification and simulation of GPS, Bluetooth,
RFID and infrared inputs for each shot. The abstraction
layer renders the origin of sensor data completely transparent to an application thereby allowing users to stand within
the immersive video system and experience the behavior of
an application exactly as if they were in such a context in
a real sensor infrastructure. Figure 1 shows a fraction of a
sample sensor file, with readings for GPS and related states
that can be reached.

Figure 1: XML file for one state showing sensor values and other possible states reachable from this
state.
Crucially, from the user perspective, an application, and its
user interface, will behave exactly as if they were in the actual location in a real-world deployment. The video and
audio provide a rich impression of the actual space, and
the large field of view heightens their sense of immersion as
they interact with a device. As discussed above, control of a
user’s location in the state space is maintained by a wizard,
a task that is facilitated by only having the allowable states
available. We are currently using this approach to ease the
evaluation and prototyping of mobile and ambient applications while enabling the discovery of context-related issues.
Our experience has been that much of the fidelity of a user’s
real-world experience can be captured using the immersive
video system and interface and application developers can
very quickly generate prototypes and evaluate them using
the immersive video.

2.4

Immersive video & requirements capture

An immersive video simulation of a mobile application scenario contributes to the development process in a number
of ways [6]. Our primary goal was to create a mechanism
by which the evaluation of such a system can be conducted
both as early as possible in the development life-cycle and
within a sensory context which the user will typically encounter when using the application. The use of immersive
video addresses a number of additional problems in the development of mobile and ambient systems. Firstly, requirements capture for such systems is known to be significantly
more difficult than for traditional static applications. By
definition mobile systems will be used in a wide range of
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environments and the users of such systems will often be
involved in multiple tasks simultaneously.
Capturing this richness of deployment is problematic using standard text or graphical formalisms and notations for
characterizing use cases. Even seemingly rich approaches
such as scenarios [2] and personas [3] fail to capture much
of the richness of a real world deployment. In the light of
this shortfall in the description of the requirements of mobile
systems designers and developers struggle to understand the
full implications of their design choices, and it is almost inevitable that major (and costly) interface design revisions
will occur late in the process.
The process of developing an immersive video simulation
goes some way to mediating this shortfall in the expressiveness of traditional approaches to requirements capture. On
one hand the selection of the usage scenario, and the specific locations at which the filming is undertaken comprises
an informal statement as to the anticipated context in which
the system will be used, the range of relevant and incidental events that occur at different locations, and the data
(i.e. sensor data) available to the mobile device. On the
other hand the footage itself explicitly captures features of
the environment that are impossible to include in a traditional scenario or use case description, such as the level and
nature of ambient sound, the degree of clutter and motion in
the user’s visual field, and the precise spatial characteristics
of important features in an environment.

3.

INITIAL EXPERIENCES

We are currently using the immersive video approach as
a prototyping and evaluation tool in the context of three
projects, each of which have specific requirements and properties to be taken into account. In this section we will report
on initial experiences we gained with one system: a prototype built within ASK-IT, a European Union Framework 6
project that aims to enhance inclusion through the application of ambient intelligence. One goal of ASK-IT is to
provide mobility impaired users with seamless location sensitive guidance and information as they arrive at a metro
station, exit and navigate to a cultural location such as a
museum, and enter the museum and view its exhibits. The
user interface is primarily map-based but also provides textual information on exhibits in a museum. Having an evaluation tool with which views can be elicited without exposing
users to a real environment is particularly useful for such a
vulnerable user group.
For ASK-IT we have prototyped a GPS-enabled PDA, Bluetooth indoor positioning, RFID e-ticketing and infrared beacons for pointing gestures. The actual application works in
following manner: when a user arrives at metro station the
PDA detects the platform using Bluetooth positional sensing and displays a map of the platform with directions to
the escalator and lift. As the user exits the metro station
a GPS signal is detected and a map of surrounding area is
displayed with direction information towards the museum.
A panoramic photograph (covering a 360° view) at the top
of the display is used to help the user identify the direction
he or she needs to walk.
When user enters into the museum, the PDA detects the new

Figure 4: Immersive video in action: a user interacting with a mobile device while being surrounded by a
video replay of the location, where it is intended to be used
cations. Figure 2 show a fragment of the shot state space
used.

Figure 2: Fragment of the state space for the immersive video prototype of the museum application.

location (using Bluetooth positional sensing at the entrance
to the museum) and displays a map of museum. The user
is also issued with an e-ticket for the museum (using RFID
tag attached to PDA) and information pertaining to the eticker is displayed on PDA. Within the museum, when user
points the PDA at an exhibit, a supplementary multimedia
presentation relating to that exhibit is displayed on the device. The detection of which exhibit the user is pointing the
device at is implemented using infrared beacons. Figure 3
shows an example of the actual user interface displayed on
the PDA. Immersive video of the environment was used in
both the development and initial evaluation of the appli-
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During development, it reduced considerably the need to
visit the test site which would have been both time-consuming
and also required the installation of infrastructure elements,
such internal Bluetooth devices at the platform of the metro
station and in the museum. This gave developers considerable freedom to develop their application without committing either to the class of infrastructure devices to be used or
their detailed configuration on site. Possible users were also
able to evaluate the system at an early stage and highlighted
some useful interface design issues (such as interaction with
the panoramic images). Finally, with the aid of the demo,
participants were able to gain first hand experience of navigating the simulation of the space and the behavior of the
interface. Figure 4 shows our local set-up using a three
walled CAVE-based display. However, a similar impact can
be achieved by projecting video on walls of a corner of a
room.

4.

FUTURE WORK

In future, we plan to use immersive video as a standard prototyping tool other ubiquitous computing based projects.
Two major projects, on which we are current working are (i)
real-time 3D visualization of urban data for emergency response and (ii) the assessment of future traveler information
systems. The emergency response scenarios project involves
the development of a mobile device that provides real-time
3D visualizations of urban data for emergency response sce-

to offer better information and opportunities to influence
the choice of transport mode made by individuals, and reduce the level of car use. These measures can have a significant effect on individual travel choices when individuals
or particular groups are targeted and tailored information
is provided based on individual journey characteristics.
The key problem relating to the provision of better information is that the locations and contexts that travelers find
themselves in are constantly changing, thus their information needs are both immediate and highly context sensitive.
However, a large-scale implementation that collects a full set
of travel-related information in real-time, and disseminates
such information in a context aware manner, is not possible within the existing information systems infrastructure.
A future traveler information system (FTIS) will have relevant environmental information, live transport and traveler
information, and will compile them proactively with stored
historical information. Such a system will therefore always
offer customized and timely travel-related information based
on traveler context awareness. Such a scenario raises two
important questions:
• How will people perceive such proposals for future traveler information systems?
• Does the proposed future traveler information system
have the potential to bring about a significant modal
shift?
Figure 3: User interface on mobile device: interactive panoramic picture (top), map with route (middle), and menu-bar (bottom)

narios. Requirements capture for the application include
working closely with police, fire and other emergency services. This means that application development needs to
include input from different user groups. Also, access to information related to emergency facilities such as hospitals is
required and then evaluation of such an application will be
difficult due to its nature of emergency response scenarios.
Here the immersive video offers significant benefits in overcoming these problems. Limited access to important buildings such as hospitals, police or fire headquarters can be
overcome by videoing them once and annotating it with all
the information that will be available. Immersive video will
also allow easy evaluation of application by different user
groups because they can evaluate it in their office-space and
can provide input. Video of real environment will provide
easy means of assessing a user’s ability to visually register
the 3D graphics with the environment without having to be
on-site.
Our future traveler information systems project is a response
to the observation that increased car use in many urban areas has led to growing traffic congestion, which not only
threatens economic growth but also results in poor air quality, noise and global warming. A range of marketing and
management measures have been piloted in various areas
in the UK including travel awareness campaigns, workplace
and school travel plans, personalized travel planning and
public transport information. These measures usually seek
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The ideal way to explore the behavioral change that results
from FTIS use is to allow users to interact with such systems
as part of their everyday travel routine, such as commuting,
shopping and recreation. However, FTIS supported by pervasive computing is still very much an aspiration as large
scale deployments of pervasive computing environments do
not exist. Building a physical mock-up of FTIS is expensive
and time-consuming, it will also cover a large geographical
area (usually a city) which will make evaluation of such a
system cumbersome.
Immersive video will be very helpful in creating a realistic
sense of a user’s experience of an application and allow participants to interact with a simulated system. It will help
in development and evaluations of applications related with
FTIS. It will also be able to stimulate the experience of interacting with an FTIS by providing participants with a sense
that they are in some way truly immersed in an environment
where the FTIS has been implemented.
The utility of immersive video can be clearly visualized with
respect to the projects mentioned above. For the development of immersive video as a standard prototyping tool,
we aim to develop a range of applications to make it easier
to build an immersive video environment after taking the
videos. Two major components of immersive video system
are:
1. Wizard: the wizard controls the sequence of video
clips based on the state diagram as explained in section 2.2. Arranging clips into right sequence order and
then feeding them to wizard is quite time-consuming.

2. Sensor information: we are using XML files to store
the sensor information about every clip. Though this
approach is general it is cumbersome to create individual XML files and make changes in them.
Furthermore a number of interaction modes within the immersive video system need to be explored:
1. User interaction:
• How to move backward or forward in a scene
(without intervention from the Wizard)?
• How to select objects available in a scene (for enhanced interactivity)?
• Physical interaction techniques, such as opening
a door?
2. System interaction: presently only the wizard injects
events according to its observation of the user’s behaviour. But events can be generated based on the level
and nature of interaction that a user is engaged in.
Events are also not only the result of a user triggering sensors but a result of external events too, such as
plane arriving, receiving a call.

5.

CONCLUSION

A key issue in mobile and ambient computing is the effort
required to rapidly prototype and evaluate user interfaces
and applications. Existing technologies for these tasks suffer
either from low fidelity (e. g. paper prototypes, mental walkthroughs) or effectively require a near full-scale deployment.
In this paper, we proposed our approach using immersive
video and a simulated infrastructure to create a realistic environment in the office or lab. Immersive video provides a
low-cost and rapid means to prototype user interfaces and
applications, and to evaluate them in a realistic simulation
of the context, in which they are intended to be used. Our
approach also allows for user studies in the lab, where participants can be easily exposed to specific environment conditions in a realistic and repeatable manner. We described
our inital experiences and future plans of using immersive
video for a range of problems and at the same time developing tools to make immersive video an easy-to-use rapid
prototyping tool for ubiquitous computing based applications.
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Österreichische Artificial-Intelligence-Tagung. Proceedings. Berlin/Heidelberg: Springer, 1987, 1–11. #
B20 Beiche, H.-P.: LST-1. Ein wissensbasiertes System zur Durchführung und Berechnung des Lohnsteuerjahresausgleichs. SFB 314
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Artificial-Intelligence-Tagung. Wiener Workshop - Wissensbasierte Sprachverarbeitung. Proceedings. Berlin etc.: Springer, 1988, 1119. #
B41 Harbusch, K.: Tree Adjoining Grammars mit Unifikation. FB Informatik, KI-Labor, Bericht Nr. 41, Juni 1988. In: Trost, H. (ed.): 4.
Österreichische Artificial-Intelligence-Tagung. Wiener Workshop
- Wissensbasierte Sprachverarbeitung. Proceedings. Berlin etc.:
Springer, 1988, 188-194. #
B42 Wahlster, W., Hecking, M., Kemke, C.: SC: Ein intelligentes Hilfesystem für SINIX. FB Informatik, KI-Labor, Bericht Nr. 42, August
1988. In: Gollan, W., Paul, W., Schmitt, A. (eds.), Innovative Informationsinfrastrukturen, Informatik-Fachberichte Nr. 184, Berlin:
Springer, 1988.
B43 Wahlster, W.: Natural Language Systems: Some Research Trends.
FB Informatik, KI-Labor, Bericht Nr. 43, August 1988. In: Schnelle,
H., Bernsen, N.O. (eds.): Logic and Linguistics. Research Directions in Cognitive Science: European Perspectives, Vol. 2, Hove:
Lawrence Erlbaum, 1989, 171–183.

B46 Scheller, A.: PARTIKO. Kontextsensitive, wissensbasierte Schreibfehleranalyse und -korrektur. FB Informatik, KI-Labor, Bericht
Nr. 46, August 1988. In: Batori, I.S., Hahn, U., Pinkal, M., Wahlster, W. (eds.): Computerlinguistik und ihre theoretischen Grundlagen. Symposium, Saarbrücken, März 1988. Proceedings. Berlin:
Springer, 1988, 136–151.
B47 Kemke, C.: Darstellung von Aktionen in Vererbungshierarchien.
FB Informatik, KI-Labor, Bericht Nr. 47, September 1988. In: Hoeppner, W. (ed.): Künstliche Intelligenz. GWAI-88. 12th German
Workshop on Artificial Intelligence. Proceedings. Berlin: Springer,
1988, 306–307.
B48 Jansen-Winkeln, R.M.: WASTL: An Approach to Knowledge Acquisition in the Natural Language Domain. SFB 314 (XTRA), Bericht Nr. 48, September 1988. In: Boose, J., et al. (eds.): Proceedings
of the European Knowledge Acquisition Workshop (EKAW ’88),
Bonn 1988, 22-1–22-15.
B49 Kemke, C.: What Do You Know About Mail? Representation of
Commands in the SINIX Consultant. FB Informatik, KI-Labor,
Bericht Nr. 49, Dezember 1988. In: Norwig/Wahlster/Wilensky
(eds.): Intelligent Help Systems for UNIX. Berlin: Springer, 1989. #
B50 Hecking, M.: Towards a Belief-Oriented Theory of Plan Recognition FB Informatik, KI-Labor, Bericht Nr. 50, Dezember 1988. In:
Proceedings of the AAAI-88 Workshop on Plan Recognition. #
B51 Hecking, M.: The SINIX Consultant — Towards a Theoretical
Treatment of Plan Recognition —. FB Informatik, KI-Labor, Bericht Nr. 51, Januar 1989. In: Norwig/Wahlster/Wilensky (eds.):
Intelligent Help Systems for UNIX. Berlin: Springer, 1989. #
B52 Schmauks, D.: Die Ambiguität von ’Multimedialität’ oder: Was bedeutet ’multimediale Interaktion’? SFB 314 (XTRA), Bericht Nr. 52,
Februar 1989. In: Endres-Niggemeyer/Hermann/Kobsa/Rösner
(eds.): Interaktion und Kommunikation mit dem Computer. Berlin: Springer, 1989, 94–103. #
B53 Finkler, W., Neumann, G.: POPEL-HOW. A Distributed Parallel
Model for Incremental Natural Language Production with Feedback. SFB 314 (XTRA), Bericht Nr. 53, Mai 1989. In: IJCAI-89. Proceedings. 1518–1523. #
B54 Jung, J., Kresse, A., Reithinger, N., Schäfer, R.: Das System ZORA.
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räumlichen Wissens. Proceedings. Berlin: Springer, 1989, 68–82. #
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len Präsentation. SFB 314 (VITRA), Bericht Nr. 113, Februar 1995.
In: Arbeitsgemeinschaft Simulation in der Gesellschaft für Informatik (ASIM), Mitteilungen aus den Arbeitskreisen, Heft Nr. 46,
Fachtagung “Integration von Bild, Modell und Text”, Magdeburg,
2.-3. März 1995, 129–142.
B114 Laengle, T., Lueth, T.C., Stopp, E., Herzog, G., Kamstrup, G.:
KANTRA - A Natural Language Interface for Intelligent Robots.
SFB 314 (VITRA), Bericht Nr. 114, März 1995. In: Proc. of the
4th International Conference on Intelligent Autonomous Systems,
Karlsruhe, Germany, 1995, 357–364.
B115 Gapp, K.-P.: Angle, Distance, Shape, and their Relationship to
Projective Relations. SFB 314 (VITRA), Bericht Nr. 115, Mai 1995.
In: Proc. of the 17th Conference of the Cognitive Science Society,
Pittsburgh, PA, 1995.
B116 Maaß, W.: How Spatial Information Connects Visual Perception
and Natural Language Generation in Dynamic Environments: Towards a Computational Model. SFB 314 (VITRA), Bericht Nr. 116,
Juni 1995. In: Proceedings of the 2nd International Conference on
Spatial Information Theory (COSIT’95), Vienna, September 21-23,
1995, 223–240.
B117 Maaß, W., Baus, J., Paul, J.: Visual Grounding of Route Descriptions in Dynamic Environments. SFB 314 (VITRA), Bericht Nr. 117,
Juli 1995. To appear in: Proceedings of the AAAI Fall Symposium
on “Computational Models for Integrating Language and Vision”,
MIT, Cambridge, MA, USA, 1995.

B118 Gapp, K.-P.: An Empirically Validated Model for Computing Spatial Relations. SFB 314 (VITRA), Bericht Nr. 118, Juli 1995. In:
Wachsmuth, I., Rollinger, C.-R., Brauer, W. (eds.): Advances in Artificial Intelligence, Proceedings of the 19th Annual German Conference on Artificial Intelligence (KI-95), Bielefeld, Germany, September 1995, Berlin, Heidelberg: Springer, 245–256.
B119 Gapp, K.-P.: Object Localization: Selection of Optimal Reference
Objects. SFB 314 (VITRA), Bericht Nr. 119, Juli 1995. In: Proceedings of the 2nd International Conference on Spatial Information
Theory (COSIT’95), Vienna, September 21-23, 1995, 519–536.
B120 Herzog, G.: Coping with Static and Dynamic Spatial Relations.
SFB 314 (VITRA), Bericht Nr. 120, Juli 1995. In: Amsili, P., Borillo,
M., Vieu, L. (eds.): Proceedings of TSM’95, Time, Space, and Movement: Meaning and Knowledge in the Sensible World, Groupe “Langue, Raisonnement, Calcul”, Toulouse, Château de Bonas,
France, 1995, C 47–59.
B121 Blocher, A., Schirra, J.R.J.: Optional Deep Case Filling and Focus Control with Mental Images: ANTLIMA-KOREF. SFB 314 (VITRA), Bericht Nr. 121, Juli 1995. In: Proceedings of the 14th International Joint Conference on Artificial Intelligence (IJCAI-95),
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M25 Herzog, G., Rist, T.: Simultane Interpretation und natürlichsprachliche Beschreibung zeitveränderlicher Szenen: Das System
SOCCER. SFB 314 (VITRA), Memo Nr. 25, August 1988. #

M4 Schmauks, D.: Formulardeixis und ihre Simulation auf dem Bildschirm. Ein Überblick aus linguistischer Sicht. SFB 314, (XTRA),
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M6 Baltes, H.: GABI: Frame-basierte Wissensrepräsentation in einem Geldanlageberatungssystem. FB Informatik, KI-Labor, Memo Nr. 6, März 1986. #

M28 Hecking, M., Kemke, C., Nessen, E., Dengler, D., Gutmann, M.,
Hector, G.: The SINIX Consultant — A Progress Report. FB Informatik, KI-Labor (SC-Projekt), Memo Nr. 28, August 1988.

M7 Brach, U., Woll, W.: WILIE — Ein wissensbasiertes System zur
Vereinfachung der interaktiven Literaturerfassung. FB Informatik,
KI-Labor, Memo Nr. 7, April 1986. #

M29 Bauer, M., Diewald, G., Merziger, G., Wellner, I.: REPLAI. Ein
System zur inkrementellen Intentionserkennung in RealweltSzenen. SFB 314 (VITRA), Memo Nr. 29, Oktober 1988. #

M8 Finkler, W., Neumann, G.: MORPHIX — Ein hochportabler Lemmatisierungsmodul für das Deutsche. FB Informatik, KI-Labor,
Memo Nr. 8, Juli 1986.

M30 Kalmes, J.: SB-Graph User Manual (Release 0.1). SFB 314 (XTRA),
Memo Nr. 30, Dezember 1988.

M9 Portscheller, R.: AIDA — Rekursionsbehandlung, Konfliktauflösung und Regelcompilierung in einem Deduktiven
Datenbanksystem. FB Informatik, KI-Labor, Memo Nr.9, Oktober
1986.#
M10 Schirra, J.: MEGA-ACT — Eine Studie über explizite Kontrollstrukturen und Pseudoparallelität in Aktor-Systemen mit einer
Beispielarchitektur in FRL. FB Informatik, KI-Labor, Memo Nr. 10,
August 1986. #
M11 Allgayer, J., Reddig, C.: Systemkonzeption zur Verarbeitung kombinierter sprachlicher und gestischer Referentenbeschreibungen.
SFB 314 (XTRA), Memo Nr. 11, Oktober 1986. #
M12 Herzog, G.: Ein Werkzeug zur Visualisierung und Generierung
von geometrischen Bildfolgenbeschreibungen. SFB 314 (VITRA),
Memo Nr. 12, Dezember 1986. #
M13 Retz-Schmidt, G.: Deictic and Intrinsic Use of Spatial Prepositions:
A Multidisciplinary Comparision. SFB 314 (VITRA), Memo Nr. 13,
Dezember 1986. In: Kak, A., Chen, S.-S. (eds.): Spatial Reasoning
and Multisensor Fusion, Proceedings of the 1987 Workshop. Los
Altos, CA: Morgan Kaufmann, 1987, 371–380. #
M14 Harbusch, K.: A First Snapshot of XTRAGRAM, A Unification
Grammar for German Based on PATR. SFB 314 (XTRA), Memo
Nr. 14, Dezember 1986. #
M15 Fendler, M., Wichlacz, R.: SYCON — Symbolische Constraint-Propagierung auf Netzwerken, Entwurf und Implementierung. FB
Informatik, KI-Labor, Memo Nr. 15, März 1987.
M16 Dengler, D., Gutmann, M., Hector, G., Hecking, M.: Der Planerkenner REPLIX. FB Informatik, KI-Labor (SC-Projekt), Memo
Nr. 16, September 1987. #
M17 Hecking, M., Harbusch, K.: Plan Recognition through Attribute
Grammars. FB Informatik, KI-Labor (SC-Projekt), Memo Nr. 17,
September 1987.
M18 Nessen, E.: SC-UM — User Modeling in the SINIX-Consultant. FB
Informatik, KI-Labor (SC-Projekt), Memo Nr. 18, November 1987.
In: Applied Artificial Intelligence, 3,1, 1989, 33–44. #
M19 Herzog, G.: LISPM Miniatures, Part I. SFB 314 (VITRA), Memo
Nr. 19, November 1987.
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M45 Jung, J., Kresse, A., Schäfer, R.: ZORA. Ein Zeigegestengeneratorprogram. SFB 314 (XTRA), Memo Nr. 45, April 1990.
M46 Harbusch, K., Huwig, W.: XTRAGRAM. A Unification Grammar
for German Based on PATR. SFB 314 (XTRA), Memo Nr. 46, April
1990. #
M47 Scherer, J.: SB-PART Handbuch. Version 1.0 SFB 314 (XTRA), Memo Nr. 47, Juli 1990.
M48 Scherer, J.: SB-PART: ein Partitionsverwaltungssystem für die
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M55 Jameson, A., Schäfer, R.: Probabilistische Einschätzung von Wissen und Interessen. Die Anwendung der intuitiven Psychometrik
im Dialogsystem PRACMA. SFB 314 (PRACMA), Memo Nr. 55,
Juni 1993.
M56 Schneider, A.: Konnektionistische Simulation adaptiver Leistungen des Flugsteuersystems der Wanderheuschrecke. KI-Labor,
Memo Nr. 56, Juni 1993.
M57 Kipper, B., Ndiaye, A., Reithinger, N., Reddig, C., Schäfer, R.:
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M80 Müller, C.: Symptome von Zeitdruck und kognitiver Belastung
in gesprochener Sprache: eine experimentelle Untersuchung. SFB
378 (READY), Memo Nr. 80, Mai 2001.
M81 Decker, B.: Implementation von Lernverfahren für Bayes’sche
Netze mit versteckten Variablen. SFB 378 (READY), Memo Nr. 81,
Mai 2001.
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