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ABSTRACT
As technologies in the area of storage, connectivity and displays evolve rapidly and business developments point to the
direction of the experience economy, the vision of Ambient Intelligence is positioning human needs central to technology
development. This chapter describes concerted research efforts surrounding the HomeLab, a special research instrument that
supports scientific investigations of the interaction between humans and technology. Such investigations reach beyond
traditional usability and technology acceptance, aiming to characterize the nature of user experiences, measuring them and
designing them. Starting from a historical view upon the vision of Ambient Intelligence, this chapter presents the HomeLab,
the rationale for its set-up and three related studies that were conducted within it. These studies have focused on technology
use at home for leisure purposes; more specifically they have explored the experience of immersion from displays that extend
beyond screen boundaries to encompass the lighting in a room, and the experience of social presence and connectedness with
remote friends and family as they result from peripheral awareness displays.
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INTRODUCTION

The vision of Ambient Intelligence [2] requires considerable advances in several technologies, but crucially takes a
human-centric perspective. A cornerstone to Ambient Intelligence research is the design and creation of new user
experiences and the scientific investigation of their nature. Contrasting traditional research in human-computer interaction
and usability engineering against user research in the era of Ambient Intelligence, we note how it is necessary to move
beyond the Tayloristic model that was relevant when optimizing the ergonomics of video display to support work (cf. ISO
9241 standard). Established organizations such as the Usability Professional’s Organization have recognized the need for
new approaches to usability testing [6].
Although research methodologies such as User Centered Design [8] remain important, much more radical departures are
required. Rather than seeing interactive products as tools to perform work user research must try to describe and nuance user
experiences that help people enjoy, play, keep in touch with loved ones. Such experiences do not need to have clear
beginning and end that is observable to the observer and perceived by the end-users [1]. They could span hours or days, and
can sometimes result from infrequent, subtle interactions with technology that occupies a person’s peripheral reach [22]. For
example, the HomeRadio project at Philips Research [11] explored the use of ambient displays, discrete abstract
visualizations of activity at a remote household. Different types and levels of activity would be portrayed in the constitution
of colored patterns that would be projected on a ceiling or a wall. An individual in the presence of such a system can hardly
be called a user. There is no clear task to be performed and this individual will not always be aware of interacting with the
technology. Usability testing, which is central to usability engineering practices developed in the 80’s and 90’s is practically
irrelevant in this case.
To better understand user experiences such as the one just described, new concepts, methods and instruments need to be
developed. For example, the traditional view on usability can be replaced by more targeted and refined concepts that
characterize the nature of the human experience defined. In the later sections of this chapter we shall present some of these
examples, such as social presence and affective benefits from communication.
Rather than the typical usability test that might last an hour, the experience described above cannot be assessed credibly
without exposing individuals for a much longer period of time. Such an exposure will also be pointless if it takes place in a
bland usability-testing laboratory divorced from the domestic context that makes it meaningful to the individual. Techniques
for selecting and analyzing the usage of technology at the long term also need to be developed and refined [18].
Long term field-testing, in realistic surroundings and in realistic social contexts seems to be an ideal for conducting user
research. However, where experimental technologies are concerned this ideal is not always reached, because installation of
technology in the field would be disruptive for people’s home life. For example, the FRIDGE prototype [21] developed at
the technical university of Eindhoven relied on a noisy projector that was mounted on the ceiling. Such an installation would
not be possible to install in people’s homes and would be too disruptive to use. Further, field-testing can be costly for
logistical reasons (installing and uninstalling technology at homes, finding homes with the right infrastructure, etc.) and it
brings about a loss of control and a difficulty in obtaining reliable observational data. In 2000 first serious plans were
launched to build an advanced laboratory that could be used to conduct feasibility and user studies in ambient intelligence.
After two years of designing and building HomeLab was eventually opened on April 24, 2002 by Gerard Kleisterlee, the
president of Philips Electronics. On the occasion of the opening an international technology seminar was held and a booklet
was published explaining the purpose and the ambition of HomeLab [3]. The opening event officially marks the start of the
ambient intelligence research in HomeLab.
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HOMELAB

The HomeLab is built as a two-stock house with a living, a kitchen, two bedrooms, a bathroom and a study. At a first
glance, the home does not show anything special, but a closer look reveals the black domes at the ceilings that are hiding
cameras and microphones. Equipped with 34 cameras throughout the home, HomeLab provides behavioral researchers a
perfect instrument for studying user human behavior inside HomeLab.

Figure 1: the HomeLab living room
Adjacent to the Home there is an observation room. From this room you have a direct view into the home. The signals
captured by the cameras installed inside HomeLab, can be monitored on any of the 4 observation stations. Through an
observation leader post (see Figure 2) signals can be routed to these observation stations. The observation leader modifies
camera set-ups, routes video and audio signals, and monitors the capture stations. Each observation station is equipped with
two monitors and one desktop computer to control the cameras and to mark observed events. The marked events are timestamped and appended to the video data. All captured signals and marked events are recorded by means of the four capture
stations.
Broadband Internet facilities enable various ways to connect parts of the HomeLab infrastructure to the Philips High Tech
Campus network or even to the outside world. A wireless Local-Area Network (LAN) offers the possibility to connect
people in HomeLab without running cables. However, if cables are required, double floors provide nice hiding places.
Corridors, adjacent to the rooms in HomeLab, accommodate the equipment that researchers and developers need to realize
and control their systems and to process and render audio and video signals for the large flat screens in HomeLab.

Figure 2: the observation leader post showing Vic Teeven, technical manager of the facility.
A power control system features remote controllable light settings and power switches. But it still leaves the possibility
for participants to simply turn on and off the lights by using ’ordinary’ switches. Future intelligent systems that aim to
enhance people’s emotions and experiences by means of lighting will be able to interface with the HomeLab power control
system.
When setting up an experiment in HomeLab, the researcher designs a coding scheme for the observation session. A
coding scheme lists all prototypical behaviors that are expected to be observable during the session. The observers mark the
occurrence of these behaviors during the HomeLab session. Further analysis of this data can consist of a simple frequency
analysis up to a sophisticated data mining analysis for finding hidden patterns in the data set. For this HomeLab is equipped
with a software tool capable of detecting repeated patterns that are hidden to observers and very hard or impossible to detect
with other available methods. It is particularly suitable for analyzing behavioral data. This tool is able to detect patterns that
are obscured by other events, and finds patterns that no form of frequency count, lag sequential or time series analysis can
identify. As such, it is an effective way to detect patterns in user-system interaction and to identify the precursors or
consequences of specific behavioral events. This tool has been used extensively in studies of human communication, spoken
dialogues, gestures, protocol analysis, etc. [15]. The Philips HomeLab is the first corporate user of this data analysis tool in
the domain of user-system interaction.

CASE STUDIES
Since the opening of HomeLab many technologies have been brought into innovative applications that create a wide range
of user experience [9]. In the next sections we will present three examples of research conducted in HomeLab for creating
user experiences enabled by developments in the area of connectivity and lighting.

The feeling of being together
The introduction of advanced technologies such as interactive TV has not resulted in the expected behavioral change of
consumers. We contend that one of the most important causes for this has been the absence of sufficient content to offer
attractive user benefits. Consequently our research in the Philips HomeLab explores the potential user benefits from
interconnected CE devices. Through this interconnection people and places can be connected to each other, thereby letting
consumers create and enjoy their own content for social communication purposes.

4

One potential benefit from this interconnection is social presence, which refers to the sensation of ‘being together’ [14]
that may be experienced when people interact through a telecommunication medium. As connectivity permeates our daily
lives we expect that network infrastructures will become enablers for social interactions. While communication media such
as e-mail, telephony, text messaging services for mobile phones, etc., are common, there is more to system-mediated
communication than exchanging information.
Research in social presence goes back 30 years, starting with the seminal work of Short, Williams and Christie 1976 at
British Telecom. The impetus in that early research into the psychology of communication and in much of its offspring, has
been to provide a way to describe and measure how does a computer mediated telecommunication get to emulating face to
face interactions between people. Such research though covers only one half of the story. From an end-user (and consumer)
perspective it is necessary to understand the benefits that social presence helps deliver and in what ways social presence can
lead to a pleasurable user experience.
Our research on the feeling of being together has been focusing on the potential of attaining social presence by
maintaining a peripheral awareness of a connected person or group of persons, when consuming content such as a
broadcasted program [8]. This research assesses affective benefits that arise out of this interconnection and illustrate the
positive impact of awareness on social interactions.
When developing the concept for creating this user experience, special attention was paid to: (i) safeguarding the privacy
of the home environment, (ii) minimizing the shift of user attention away from the actual content being consumed and (iii)
creating the feeling of being connected when consuming content over different locations.
This concept is embodied by means of presenting sketch like visualizations of the physical activities in the remote
location.

7KHXVHUVWXG\
In total 34 participants, all Dutch males, participated in the experiment. They were recruited as groups of friends who
enjoy watching soccer games. The groups were split (2-1) and the participants were placed in two different rooms. During
the experiment all participants watched the same soccer game. Although they knew they were watching the same soccer
game they did not know that they were in the same building.
The amount of visual information the subjects received about their friend(s) was varied over the different conditions and
would range from: no visual information, a sketch like visualization representing physical movements of the people at the
remote location and a full motion video of the remote location. Social presence and Group Attraction were measured after
each condition by use of standardized psychometric instruments available in literature.

5HVXOWV
The results from this study indicate that a low bandwidth visualization of the physical activities from remote locations is
capable of establishing a sense of social presence. Furthermore, the feeling of being part of a group (i.e. group attraction)
was increased.
When compared with the full motion video, the sketch visualization gave participants not so much the feeling of being
observed by the remote location. This latter aspect of the sketchy visualization could be of great importance to create social
presence enabling systems for the home environment: earlier research has shown that privacy considerations are a major
obstacle for the acceptance of video communication at the home.
Test participants indicated that they would prefer different levels of social presence for different kind of programs. People
prefer to watch sports and movies in presence of others, whereas they prefer to watch news and documentaries alone. They
do not want to be disturbed while concentrating on more serious programs. For entertaining programs, viewers enjoy making
a cozy atmosphere and to experience other person’s reactions.

The affective benefits of being connected
As network technology is becoming part of our daily life, applications supporting close family members living apart to
keep in touch with each other, become important. Such applications are typically described as Computer Mediated
Communication (CMC) or System Mediated Communication in general. A special class of CMC systems are awareness
systems. These systems support individuals to maintain, with low effort, a peripheral awareness of each other’s activities.
Pioneering awareness systems have focused on the workplace, as for example Media Spaces [5]. Early concepts of
awareness systems for the home are the digital family portrait [18] and the design concepts proposed by the Casablanca
project [12]. To date, only the interLiving project [13] has attempted to develop and deploy a functional awareness system
for a home environment. Likewise, there has been little attempt to understand the concept of awareness itself.
Researchers approach the concept of awareness from several angles. Works like the digital family portrait focus on
attaining awareness with minimal cognitive effort through pre-attentive processes of the user. More important for the design
of awareness systems, is to study the benefits that users experience through interacting with awareness systems and the role
they can play in the gamut of social interactions of an individual. This wider perspective is adopted by [16] who define
affective awareness as the general sense of being in touch with one’s friends and family. However, the exact nature of this
feeling, how to achieve it and how to assess it, remain unexplored to date.
In the ASTRA project [17] we addressed this limitation in the context of the design of a novel service for maintaining
awareness between households and mobile individuals. This service allows informal, social communication to be enjoyed at
moments of leisure and relaxation at home. Access from home is combined with spontaneous, lightweight sharing of
experiences on the move.
With the ASTRA system, an individual can capture daily experiences using a mobile device that supports picture taking,
freehand drawing and handwriting. For the field tests, we used existing functionality of the Sony Ericsson P800 mobile
phone, which contains a camera, to create and send e-mail messages to a server. With a homebound device, related family
members at home can access these annotated pictures created with the mobile device. When the homebound device is not
used it shows an overview of such messages in a spiral visualisation (see Figure 3). Users operate the ASTRA home system
through a Philips desXcape wireless LCD monitor, which affords touch-screen interaction. The touch-screen interface can be
used to browse similar messages and check the availability of others.

Figure 3: the User Interface of the homebound ASTRA system
The information displayed in the spiral overview consists of pictures or drawings and text notes made on the mobile user.
The spiral is divided in 3 areas: The main area of the spiral holds 6 pictures, whose size and position portrays recency. The
centre of the spiral gives access to earlier items, the outer end to more recent ones.

7KHXVHUVWXG\
A formative evaluation of the prototype was conducted in the HomeLab. Four families (parents with children) and 1
group of close friends were recruited through email adverts. In total 19 people (11 males and 8 females) took part, 11 were
adults and 8 children.
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From each group 1 person stayed in the HomeLab, while the others visited a nearby open-air museum. They were asked
to spend 2 hours there and to send at least 6 messages to the person in the HomeLab, using the P800 mobile phone.
HomeLab participants took part in a usability test and were then requested to occasionally monitor the ASTRA device.
When the other participants returned from the museum, the HomeLab participants explained the system to them, verbalising
in this way their conception of ASTRA. Finally, a group interview was conducted.

5HVXOWV
Participants found the interface easy to understand and to use, though they helped identify some points for improvement.
On average, participants sent 12 pictures. Though interviewed participants liked to share their experiences, they did not feel
a particular need to use an awareness system like ASTRA. This was attributed to the short time they experienced the system
and to that they used the system to perform test-tasks rather than to satisfy an actual communication need. The HomeLab
study identified several areas for improvement both in the underlying service and the interface.

&RQFOXVLRQ
From the results of the HomeLab study it was concluded that a more longitudinal field study was required. For giving
users the opportunity to experience the interaction concept and to collect early user feedback, the HomeLab proves to be a
valuable instrument. To gain more insight into the role such technology might have in daily life, a field test is required.
This field test involved 2 pairs of households: In total 7 adults, 4 teenagers and 2 children were involved. The families
participated out of interest but received a financial reward as well.
We used a within-subjects design consisting of 2 phases lasting a week each. In the first week the current communication
between the 2 households was observed. In the second week ASTRA was introduced to them. Each household received 1
homebound device and 1 mobile device. Communication was observed by means of a diary, by logging ASTRA usage and
by group interviews. The affective benefits of using ASTRA were assessed using the ABC questionnaire [20].
The filed test confirmed the hypothesis that an awareness system such as the ASTRA system would enrich communication
between people. More specific, the test indicated that the affective benefits of being connected were significantly more
positive when an awareness system is introduced into people’s daily life. For example, test-participants experienced strong
affective benefits, like feeling closer to the other person, feeling in touch, and reported feeling higher levels of group
attraction when compared to not using the designed appliance.

The feeling of being immersed
A favorite leisure activity of many is watching movies, either in the cinema, or at home. The way we watch movies at
home has changed much since the first television was introduced: from black-and-white to full color, from mono to stereo to
surround sound. In their research on creating immersive experiences, Elmo Diederiks and Jettie Hoonhout developed and
tested the Living Light concept in the Philips HomeLab. The Philips Living Light system can be considered as the next step
in the Home Cinema Experience. It offers light ambiances and light effects for film and music.

Figure 4: the living light concept

The system comprises four LightSpeakers (left-right front-back), a CenterLight and a SubLight, which is situated
underneath the couch. Light scripts for selected pieces of film and music have been developed in conjunction with light
designers, theatre lighting experts, filmmakers and musicians. This system has been installed in the living room of
HomeLab, to provide the right context for experiencing this concept.

7KHXVHUVWXG\
The concept has been evaluated with specified user groups, primarily to determine its appeal in terms of acceptance,
usability, and excitement.
The secondary purpose was to collect additional information on possible improvements of the concept from a user point of
view. Also, participants’ opinions were collected regarding the appropriateness of the light settings that were presented. The
32 participants were representative for the target group: they had a keen interest in watching movies or listening to music at
home. Half of the participants were shown film and the other half were asked to listen to music, both were enhanced by light
ambiance settings and light effects provided by the Living Light system.

5HVXOWV
The evaluation of the concept points out that Living Light is a potential winner concept as participants highly appreciated
the concept. The concept truly appealed to the participants, especially in case of film. Participants indicated that the lighting
made watching movies or listening to music a very enjoyable and a more immersive experience.
In addition, participants indicated that they would like use such a system to create the right Ambiance in the Home, e.g.
when having friends over for dinner, or for enjoying an evening at home with the family. Light is seen as a key factor in
creating the right setting and ambiance at home. Current technologies do not provide sufficient and easy to use means to
create the desired light settings. The fact that the Living Light system offers possibilities to manipulate for example color
temperature and intensity was therefore highly appreciated. These findings provided additional directions for future research:
lighting concepts that offer solutions that take away the hassles of setting up appropriate lighting, and in addition provide
extra means to enhance activities and create enjoyable ambiances.
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Conclusion

The above three case studies approach three different technical innovations that entertain different user experiences. These
experiences were relating to watching a match together with close friends, maintaining with low effort a peripheral awareness
of another person and finally enjoying the immersion of in a rich audiovisual experience while watching a film.
In all the cases discussed the innovation and the main experience studied do not refer to the primary activity of a person
but rather to the periphery of their attention, following the call of Mark Weiser for calm computing. Interestingly, by not
requiring the full attention of the user and not aiming to cognitively engineer interaction tasks so that they are more
effectively and efficiently performed, the studies above impact the type of research method that can be applied to study them.
For example, techniques like paper prototyping, usability testing and heuristic evaluations, are of marginal interest,
helping to study the more mundane interactions with the system. The designed experiences have to be created and
experienced in a realistic context, requiring realistic and serious deployment, see also [7].
Such deployment is rarely feasible in the intended context of use, e.g., the test-participants’ home, as technical
infrastructure and servicing are quite demanding for the experimental nature of Ambient Intelligence technologies. In this
light, the HomeLab facility constitutes an invaluable tool for understanding a future that does not yet exist.
The studies described in this chapter, present some first steps into the direction of studying the interaction of humans with
technology in an Ambient Intelligence world. Our research and this discussion have focused only on the home environment
and on leisure activities, but a similar mindset should apply to testing workspaces, e.g., investigating the office or the hospital
clinic of the future. Aiming at realistic prototypes and experiencing realistic deployments in controlled infrastructure, rich
insights can be obtained. The research in the HomeLab brings together technological innovation, design creativity and
scientific inquiry and can help both orientate a human centric development of Ambient Intelligence technologies and teach us
more about human nature.
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