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Abstract 

This paper describes extensive user studies that have been conducted to understand what ‘home' actually means 

to people, and to find out how people would like to live in their ‘dream home'. Based on these studies, three 

innovative user-system interaction concepts were developed that help to enhance people's home experience. 
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1 Introduction 

The work reported in this paper was carried out in the context of industrial research into future, in-home electronic 

systems. This type of research is generally criticised in literature for its failure to study the social context in which 

technology will be used and its implications on daily life (e.g., Moran, 1993; Venkatesh, 1996). Recently, there 

have been a number of reports on studies that explore ethnographic approaches to acquire knowledge about 

'home life' in a systematic way (e.g., Frohlich et al., 1997; O'Brien et al., 1999; Anderson et al., 1999; Hughes et 

al., 2000). Although these studies convincingly illustrate the importance of this type of knowledge for the design of 

future interactive systems for the home, it is left to the developers of such systems to demonstrate that the 

emerging general principles can indeed be successfully applied in the design of innovative system concepts. 

Inspired and challenged by the findings of the studies mentioned above, and based on our own experience in 

user-centred research in the domain of home electronic systems (e.g., Eggen et al., 1996; van de Sluis et al., 

2001), we planned a systematic 'home experience' research effort that would balance our investigations into 

technology for the home of the future. 
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Emerging visions within the information, telecommunication and consumer electronics industries, on the future of 

in-home electronic systems gave us another important incentive to spend a significant research effort on the study 

of people's home experience (e.g., Weiser, 1991, Aarts et al., 2001; Addlesee et al., 2001; Brumitt et al., 2000; 

Dertouzos, 1999, Hoffnagle, 1999). At a higher level of abstraction these visions share a number of common 

elements. They all describe environments populated by 'societies' of many inter-connected objects. These 

environments are considered to be intelligent as they ‘know’ their users, are ‘aware’ of the physical, social and 

cultural context of use, and, based on this knowledge, adapt in a meaningful and appropriate way. The interaction 

between inhabitants and these networked, intelligent environments is intuitive and natural, and fits the rhythms, 

patterns and cycles of everyday life. Such ‘seamless interfaces’ are considered to be indispensable in realising a 

novel interaction paradigm that enables a shift from 'operating devices' to enhanced and new 'interactive 

experiences'. This description of intelligent environments clearly shows that such visions of the future can only be 

realised to their full potential if they are based on a proper understanding of the social and cultural aspects of 

everyday life. 

In this paper, we describe the various steps of the process that was followed to explore how to enhance the home 

experience of the future by means of innovative interaction concepts. In section two, we describe our 

investigations into the current home experience of ten Dutch families, as well as their expectations for the smart 

home of tomorrow and their dream home of the future. Section three formulates the user requirements that were 

derived from the home study in addition to the process that led to the selection of three interaction concepts that 

were taken into a second iteration cycle of context analysis, solution generation, and evaluation. This second 

design cycle is described in section four. The paper ends with general conclusions about the research approach 

followed in this study. 

2 Domain Exploration 

It is imperative to have a good understanding of people’s current home experience if we are to enhance people’s 

experience of ‘living and being at home’. To acquire this knowledge, we left our laboratory and went out to talk to 

consumers: ten carefully selected Dutch families. The main purpose of these interactive family sessions was to 

find answers to the following three questions: 

1. What does 'Home' mean to people? 

2. What do people expect from a ‘Smart Home’? 

3. How do people specify their ideal 'Future Home'? 

Although a 'Smart Home' is a future concept, it should be stressed that people's ideal 'Future Home' is not 

necessarily smart. In the following sections we describe in more detail the various steps that comprised our home 

domain exploration. 
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2.1 Participants 

Although we acknowledge the observations made by other researchers that today's households are often not 

made up of a family of two parents and their children, and that it is therefore important to obtain data on a range 

of different households, we nevertheless decided to focus on the so-called 'nuclear family' (e.g., O'Brien et al., 

1999). The following considerations led to this decision. Firstly, a recent study conducted by Schulze (1999) 

showed that double income couples with children are more interested in the expected benefits of a 'Smart Home' 

than single people. Secondly, we expect families with children to be engaged in richer social interaction patterns 

at home, which sets additional, more realistic, challenges for research on multi-user-system interaction. Children 

enrich the scope of user needs, and the interaction among children is uniquely present in families with at least two 

children. Another requirement was that the families had no connections with the company that funded the 

research. 

As indicated, the plan was to visit the families in their homes, and it was therefore essential that we presented 

ourselves as a trustworthy party. However, we did not want to present ourselves as researchers from a major 

well-known consumer electronics company, since this might bias the respondents. We solved this trust issue by 

selecting families that fitted our requirements for participating via a market research institute. The families relied 

on the market research institute to ensure the trustworthiness of the researchers entering their homes. 

After disclosing our full identity to the participating families at the end of the interactive sessions, we learnt that 

these precautions were indeed necessary. As one woman said: “Ah, you’re from a consumer electronics 

company? But we did not talk about electronic products! Now our data is probably useless to you”. 

2.2 Elicitation Techniques 

A variety of techniques was employed to stimulate the families to express their personal home experience. The 

collection of techniques was chosen so that they would complement each other. This maximised the chance of 

getting a good and complete picture and minimised the likelihood of overlooking important aspects. 

Various techniques were employed, such as telling, drawing, writing, taking pictures, free association and 

participants interviewing one another (Gaver et al., 1999). Those techniques were ordered in a sequence by two 

principles. Firstly, the more difficult activities requiring the participants to be open and in the right frame of mind 

were placed towards the end of a session. For instance, the last activity of a session was making a picture of what 

home means to an individual family member. Introductory activities that would put the family in the right frame of 

mind were scheduled at the start of a session, for example, free word associations and drawing a map of the 

home. Secondly, activities that were more suited to children were interleaved with activities that were expected to 

be more demanding for children. For example, paper and pencil tasks were mixed with interviews. This was done 

in an attempt to prevent the children from losing interest in the session. Figure 1 shows some of the raw material 

that was produced by the families. The complete sessions were recorded on video tape. 
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Figure 1: 'Raw data' generated by the families during the first interactive session at home.  

2.3 Involving Children 

Some of the techniques were selected because we felt that these would allow children to express their views. The 

free word association, for instance, was piloted with children from primary schools and shown to work very well for 

children, sometimes even better than for adults. 

A separate analysis of the data was done in an attempt to find out whether children were indeed empowered to 

express their views by the set up of the sessions. Although not conclusive, the evidence does point in that 

direction. 

2.4 Location 

Early on it became clear that we needed more than one session with the families. It was necessary because of 

the sheer number of activities that we wanted to do with them, and because we wanted to get feedback on the 

conclusions drawn from the data. We would therefore need some time to do the analysis and then present the 

results. 

The first session was held at the homes of the participating families. This was done to make it easier for them to 

talk about their personal experiences. Being on ‘home ground’ made it easier for them to talk about experiences 

related to the home and to refer to objects and places in the home.  

The second session was held at our laboratory, because it allowed us to demonstrate certain developments in 

technology that we could not have demonstrated otherwise. These prototypes were used to explain to the families 

that much more will be technically possible in the future than they might expect today. This was done because we 

found that the families limited their ideas to those which they expected to be feasible. These prototypes were 

expected to make it easier to imagine the ideal future home and tell us about it, letting technologists do the reality 

check afterwards.  

2.5 Between the Sessions 

In order to stay in touch with the families between the two sessions, every individual participant received a set of 

four post cards. Three of these had additional questions and one of the post cards was blank. Stamped 

addressed envelopes accompanied the post cards to maximise the response. More than 80% of the post cards 

were returned, including post cards handed to and written by children. This set up allowed us to capture thoughts 

of the respondents that came to mind after the interview had ended.  

We also asked the families to take pictures of typical home situations between the two sessions. We gave them a 

disposable camera and a stamped addressed return envelope. Of the ten cameras handed out, nine were 
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returned by mail between the two sessions, and one was returned at the start of the second session. All of the 

cameras were returned with pictures that proved to add much to the understanding of the other (more verbal) 

data. Figure 2 shows some of the photos made by the families. 

Figure 2: Photographs sent by the families.  

2.6 Data Analysis 

The videotapes that were made of the family sessions were analysed according to the following procedure. First, 

the important topics in view of our research interests were rendered as eight empty lists with descriptive names. 

For instance, ‘Smart Home’, 'Typical Activities' and 'Important Objects' were three of the lists. All lists were 

individually filled by six observers on the basis of the videotapes. Relevant utterances made by the participants 

were transcribed by the observers and classed under one of the eight lists. To ensure that all observers treated 

the video protocols in the same way, they were all trained on a fully transcribed pilot interview before observing. 

Other textual information gathered during the sessions, such as the written text on the post cards and forms used 

in the free word-association task, was also added to the appropriate lists. Information from the sessions that was 

not verbal or textual in nature was mainly used to increase our understanding of the verbal material and to 

communicate our findings to others. 

After the data gathering, the eight lists contained a total of 1700 relevant utterances. The lists were subject to 

further analysis, during which two independent judges clustered the utterances. The following procedure was 

adopted: 

1. For each list, the two judges independently clustered utterances that had something in common. 

2. The resulting clustering of utterances was compared between the two judges, differences were discussed and 

resolved, resulting in a final list of clusters of utterances. 

3. Labels to describe the clusters were then chosen by both judges separately. After discussion, differences 

were resolved and labels were consolidated. 

At this stage of the data analysis, we had lists containing a set of labelled clusters. A final step in our data 

analysis comprised a high-level grouping of the labelled clusters. 

4. For each list, the labels of the clusters were grouped and each group was given a name. This was done by 

the two judges together, taking the original utterances and the consistency between the various lists into 

account to allow for comparisons between the lists. 

In roughly 80% of the cases, the judges agreed with each other about the clustering of the utterances. For the 

remaining utterances, the disagreements were resolved by small moves of utterances between clusters, or 

deletion or merging of clusters. 
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The final result of our data analysis was a set of lists, each containing various groups of related clusters of 

utterances regarding the topics under investigation. These results enabled us to understand and describe the 

important concepts of the domain that we were interested in. 

2.7 Results - Family Views on the Home Experience 

This section summarises people's view on Home, Smart Home, and Future Home as it emerged from the 

interactive family sessions. 

Home 

Home is a feeling. It is a cosy, trusted, and safe place, a place to return to; where you can be yourself and do 

what you want; where your own things are; where you meet the people you love and like. 

Feeling good is an important part of the home experience. Many people talk about cosiness, the pleasant 

atmosphere of people interacting with each other and being together. Most people mention the familiarity of the 

environment and atmosphere that characterises home. It is important for people to create their own preferred 

atmosphere, according to their own taste and style. Their choice of furniture and decoration sets the scene for an 

atmosphere in which they feel comfortable. 

Doing what you want. Among the activities that people describe as being typical for home are relaxation, for 

instance by listening to music, reading, and pursuing hobbies. Television watching is the most prominent activity. 

Interesting to note here is that the children not only mention the TV first, but also use it more often, and regard it 

as more important than their parents do. The families find it important to do things together, although most of 

them have the feeling that they should do that more often. Finally, there are sleeping, household chores and 

working at home. Household chores are an inevitable but disliked part of the home. People prefer to separate 

work from the rest of the home experience. 

Your own stuff. The things you are attached to. The important objects in the home have emotional qualities. 

Photographs are irreplaceable representations of people’s memories. They are the undisputed number one in the 

ranks of important objects. Other important emotional objects are souvenirs, collections, presents, heirlooms, etc. 

Regarding furniture, some people are relatively indifferent about what tables, chairs or cupboards they have, 

whereas others are discriminating. Most of the time they are scrupulous about it because they spent quite some 

effort to find the right piece of furniture. The categorisation of pets as objects is debatable. Children, the only ones 

who mention pets, would have classed them as people, always naming them as one of the family members, 

sometimes even before parents and siblings! 

Together with your family and friends. Family members take care of each other and create the opportunity for 

others to be themselves and to do what they want. However, this freedom is limited by the fact that living together 

brings responsibilities. This is accepted as a part of home, albeit with mixed feelings. 
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Smart Home 

People have mixed feelings about a smart home. The families see a smart home as a home where technology is 

applied to make life easy and to save time that can be used to do things one really likes to do. It provides comfort 

and luxury and overcomes the drawbacks of the current home by taking over the unwanted tasks. When talking 

about a smart home, people start to talk about fears and worries they have regarding this smart home. They fear 

a cold and emotionless place where boredom and laziness will take over. So, besides positive effects, people 

explicitly discuss negative aspects. Some people don't even believe in a smart home at all. They think it will never 

be possible: "people are smart, a home will never be smart". Given the anticipated disadvantages and dangers of 

the smart home, people start to formulate requirements: "If you build a smart home, make sure I can trust it. It 

should be easy to use and integrated. I want to be in control". 

People want to be in control. Always. People want control over when and how things are done, and to what 

degree the home takes over. Taking care of plants and pets, in particular, should only be done by the home if they 

forget or are not able to do it. People expect some intelligence from the system: "It should not start vacuum 

cleaning if I am watching television but rather when I am away or when I am sleeping”. Suggestions made by the 

home, for instance about activities, should be based on the preferences of the family members involved. 

Intelligence is not the same as autonomy. This means that decisions and activities are the domain of the family. 

The role of the home in the future would then be to make suggestions, to provide support, and to create the right 

atmosphere. 

People are interested in the benefits of technology. If people talk about how the home could be enhanced and the 

role of technology in their home, they almost never talk about the technology itself. Instead, they express their 

needs such as being able to work anywhere in the home with electrical appliances. If they do talk about the 

technology they do so using today's frame of reference. They ask for more electric sockets rather than for 

wireless appliances. This illustrates that, today, wireless technology is still unknown to most people. So the 

comments about the current situation are valuable, but the solutions people present must be considered with 

care. Related to this is the observation that people's expectations of technology are not always realistic. As one 

person said: “Then you will have speech recognition, so you can just say: ‘give me a plate with a warm meal’, and 

it will be served”. On the other hand they do not believe that a house can trace objects and know their location, 

which is already possible, by means of tagging technology, for example.  

Future Home 

Home as it is now, but better. In the future the feeling of home should remain the same, the core values of the 

home must remain untouched. What people would like to have are the benefits of the smart home and the 

positive experiences and values of the current home. People's expectations of the benefits of the smart home are 

limited to what they think will be technically feasible. Because they sometimes underestimate what is possible, 

potentially interesting options are not mentioned. This is why we asked the families to imagine that anything is 

possible and to tell us what they would like. In general, the role of a future home would be one of an assistant. It 
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could give advice, create the right conditions, and support the family in their activities and with the things that 

have to be done. 

3 General Design Principles  

Besides the descriptions of people's view on the concepts of Home, Smart Home, and Future Home, that were 

presented in the previous section, we derived a number of general design principles from the family sessions that 

aim to inspire and guide the development of interactive systems for future home environments: 

Home is about experiences (e.g., coming/leaving home, waking up, doing things together, etc.). Users are 

much less concerned with 'doing tasks'. This indicates the importance of the context of use in which 

applications or services have to run: they should fit into the rhythms, patterns, and cycles of life. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

People want to create their own preferred Home Experience. 

People want technology to move into the background (become part of the environment), user interfaces 

should become transparent and focus should shift from functions to experiences. 

Interaction with the home should become easier and more natural. 

The home should respect the preferences of the user. 

The home should adapt to the physical and social situation at hand. For example, a preference profile can be 

very different in a social family setting (e.g., watching TV with other family members) compared to a situation 

where no other persons are present. 

The home should anticipate user needs and desires as far as possible without conscious mediation. 

The home should be trustworthy. Applications should, for example, adequately take consideration of privacy 

issues. 

People stress that they should always be in control. 

4 Concept Development 

4.1 Concept selection 

In addition to the family views on the home experience and the formulation of general design principles, the 

families also generated over 250 application concepts for the Future Home during the interactive sessions. This 

number of concepts is far too large to take into the next development cycle that aims to deliver working prototypes 

that can be experienced by potential end-users. We therefore needed criteria to select a limited set of concepts. 
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As it turned out to be difficult to come up with a list of criteria from scratch, we presented the complete list of 

concepts to all 'stakeholders' of our project, and asked them to select their 'top 5 winners' and 'top 5 losers'. 

Winners were defined as concepts that, in the opinion of the stakeholder, definitely deserve attention as they are 

attractive to work on. Losers, on the other hand, are concepts that have properties that make them undesirable for 

further investigation. For instance, from a business perspective, an idea could be a loser because it would only 

have a very small market. This consideration led to the criterion that the concepts must appeal to a large market. 

People from our research, design and business departments took the role of stakeholder in this study. 

After the individual selection of 5 winners and 5 losers, each of the stakeholders, in turn, explained concisely why 

he or she thought that one of the selected concepts was a winner or a loser. As it turned out, these brief 

explanations could easily be transformed into criteria. After several rounds we decided that the most important 

criteria had been identified, as no additional criteria resulted from feeding new concepts into the discussion. The 

group of stakeholders as a whole then ranked the resulting list of criteria according to relative importance. 

Finally, we used the list of user requirements and the list of research/design/business criteria to weigh all 250 

concepts. This resulted in a list of 14 concepts that were considered 'most promising' candidates for entering the 

second iteration cycle of our research. In the remainder of this section we describe the development of three of 

these concepts in more detail.  

4.2 Wake Up Experience 

In the family sessions, many people indicated that they expect to wake up in their Future Home in a more gentle 

way than they do nowadays. There is a broad area of sleep research which covers topics such as the different 

phases of sleep, sleep deprivation, dreaming and the physiological effects of sleep (Chase and Weitzman, 1983; 

Ellman and Antrobus, 1991; Thorpy and Yager, 1991). A great deal of work has been done in this area, with a 

special focus on sleeping and going to sleep. However, hardly any research has focused on the process of 

waking up and the subjective experience of awakening. Wensveen et al. (2000) have been exploring new ways to 

interact with an alarm clock. Their main research question was how a user can communicate his or her emotions 

to a product, and the alarm clock was used as an example product in this study.  

We learnt from the family studies that people want the wake up experience to be pleasant, rather than the current 

annoyance caused by a ‘beeping' alarm clock. This made us decide to focus part of our research on enhancing 

the wake up experience. The main question is in what type of ambiences people would like to be awakened, and 

what is an easy way for people to ‘specify' such desired ambiences? 

Analysis 

With an on-line questionnaire, additional data on user needs and requirements were gathered from 120 

participants spread all over the world. Besides questions about the current wake up process, people were also 

asked to describe their ideal 'wake-up experience'.  
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The results of the survey confirmed that most people are dissatisfied with their current wake up experience. When 

asked to specify what their ideal wake up experience should be like, respondents describe experiences that 

greatly differ from person to person. For instance, some people want to be awakened with the smell of coffee and 

the sound of singing birds in a forest. Others would prefer a piece of music or get awake by sunlight. In general, 

most people desire a soft and peaceful wake up experience in the morning hours. Some people construct 

complete scenarios of how different pleasant stimuli should be generated over time to wake them up in an ideal 

way. The following quote gives an example of such a scenario:  

 “The gradual and eventually rich strong aroma of coffee you get in cafes and the sound of birds chirping ever so 

slightly and gradually increasing in level. The lights will be very dark initially but the ceiling will illuminate to 

eventually produce a soft but bright light. The room temperature would regulate in concert with the temperature 

within the covers of the bed so that there is little temperature variance when first placing that foot on the floor…” 

We formulated a set of requirements for a wake up system based on this user input. For instance, it should be 

able to generate several stimuli simultaneously. It should also be easy to create a personal wake up experience 

and to alter it every day. People should be able to set the intensity of the stimuli so that it would allow them to 

wake up in their own rhythm. Those specific requirements were used, in addition to the general design principles 

that were derived from the domain exploration, as basic input for the concept development phase.  

Development 

The major question was how we could come up with an interaction concept that enables users to ‘specify' their 

desired wake up experience in an easy way. It is generally known that people are not very good at programming. 

Many people have great difficulty in programming a VCR. This means that this ‘programming task’ should be kept 

simple. It should ideally be a pleasant task, and it should stimulate people‘s creativity.  

A workshop was held to generate many different concepts for creating one’s desired wake up experience. After 

weighing the concepts against criteria (such as feasibility, novelty, usability, fun, etc.), one concept was selected 

to be developed further.  

The selected concept is based on the analogy of making a painting. The idea is to use a pen-based pressure-

sensitive display to let users ‘paint’ their desired wake up experience. This display could be positioned on the 

bedside table where it can act as any normal alarm clock, just showing the time. However, when the pen 

approaches the display, the clock changes into a painting canvas. Here, users can select a certain time interval, 

for instance from 7.00 to 7.30 AM, for which they can start painting their desired wake up experience. A timeline 

for the interval is shown at the bottom of the canvas. People can choose a colour from a palette of predefined 

wake-up stimuli, such as sounds of nature, lighting, coffee and music. The position of a stroke determines the 

time of ‘activation' of the stimulus, whereas the thickness of a stroke, controlled by the pressure on the pen, 

represents the intensity of the stimulus. At the moment of ‘painting' there is immediate feedback on the type and 
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intensity of the stimulus that is set (except for the coffee maker for practical reasons). For instance, while making 

a green stroke, sounds from nature are played with the volume adjusted to the current stroke thickness.  

In the morning at the adjusted time interval the system generates the created ‘wake up experience’ by controlling 

the devices in the networked environment (such as lighting, coffeemaker, music, fan etc.). Figure 3 shows an 

example of a ‘painted wake up experience’. In this example the system would start to raise the room temperature 

(red), then activate soft lights (yellow) and soft sounds of nature (green). These stimuli will gradually increase in 

intensity. The coffee maker will be switched on after some time (brown) and somewhat later music will be played 

for a few minutes (blue). 

Figure 3: Image of the Wake Up Experience prototype. 

Evaluation 

The Wake Up Experience prototype was assessed by a small number of experts on its estimated level of user 

acceptance. Special attention was paid to usefulness, effort/benefit rate and usability criteria. In general, the 

experts could understand and operate the system with little effort. A number of valuable suggestions were also 

made with respect to design improvements, extensions to the system (functions, appliances) and alternative uses 

of the system.  

4.3 Home Radio 

Home Radio addresses the need expressed by people to stay in touch with the home, extending the home 

experience beyond the boundaries of the physical house: people can tune in to Home Radio, from anywhere, to 

see, hear, and interact with home events, activities and information. 

Analysis 

What do people want to know about their home when they are away from it, in what way should this information 

be presented and in what way do people want to interact with this information? Answers to these questions were 

derived from the family studies and from some additional brainstorming sessions held within the research team. 

This led to the following list of requirements for the Home Radio system: 

In many cases home information is of a personal and private nature. Both at the sender and receiver side, 

people should have control over how the system deals with privacy. 

• 

• 

• 

In general, home activities should be communicated at an abstract level (e.g., 'there is somebody home'). 

Only when explicitly indicated by people should it be possible to zoom in at a more detailed level (e.g., 'Dad is 

taking a nap'). 

People don't want yet another medium that contributes to the information overload as it is experienced 

already today: home information should be presented in the background creating a re-assuring feeling that 
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'everything at home is fine'. Information should only be in the foreground when it is meaningful and 

appropriate. The transition from background to foreground should be smooth, and, in principle, people should 

control this transition, unless the urgency of a predefined event (e.g., a reminder for an appointment) allows 

the system to take initiative on its own. 

Concept generation 

Brainstorming techniques were applied to explore the design space of presentation of, and interaction with, home 

information. This led to the important notion that 'interaction modality' and 'interaction environment' should be 

explicitly taken into account in the development of the concept. 

Next, a number of short scenarios were developed in which people were interacting with concepts like the 

'ambient paperweight', the 'rotating lantern', the 'pulsating photo frame', or the 'shadow maker' (figure 4). 

Figure 4: Ambient Paperweight; Rotating Lantern; Pulsating Photo Frame; Shadow Maker (from left to right).  

The scenarios featuring the different concepts were systematically evaluated and weighed against criteria 

including the above-mentioned system requirements. This exercise enabled us to identify the strong aspects of 

the various scenarios and to integrate these in a new concept. 

Development 

The current presentation and interaction concept for Home Radio is based on the idea that home activities can be 

coded by the corresponding utility streams they generate (gas, electricity, water, communication and information).  

This coded information is broadcast on the web and family members can tune in to this stream. At the receiver 

end (e.g., your office) the coded information is rendered and presented by audio-visual means.  

The volume and time-distribution of utility-specific sounds (e.g., soft bell-like sounds for communication) is 

determined by the system monitoring the utility-stream. Transient sounds signal the start of new activities 

whereas feedback sounds guide user interaction with the system. The resulting output is a calm, ambient 

soundscape that is only consciously noticed when needed. 

The utility streams are visualised as coloured blocks projected on a wall or on the ceiling. Each colour represents 

a certain stream and the relative block size indicates the level of intensity of that particular utility stream. 

User-system interaction is modelled with three different states (figure 5). In the first state, sound and light are 

unobtrusively present in the environment and create a pleasant ambience, as people will become familiar with 

certain audio-video patterns over time. Deviations from these familiar patterns will attract people's attention and 

cause a transition to the second state in which the user is consciously aware of the audio-visual presentation and 

focuses on one element, or a combination of elements representing a certain activity. In the third state of 
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interaction the user explicitly communicates with the system, by means of direct interaction using speech and 

gestures, to show the maximum level of information that is available. 

Figure 5: Interaction states with Home Radio: 1 – Ambient, 2 – Attentive, and 3 – Interactive. 

Evaluation 

A typical 'day-in-the-life-of’ scenario was developed to evaluate the concept. This real-life scenario was used to 

drive the Home Radio system. In this way, the Home Radio concept was subjected to an informal appraisal 

involving a small number of user interface experts. 

In general, experts found that Home Radio properly addresses the system requirements extracted from the family 

sessions. However, the current implementation fails to create a true 'stay in touch' experience. It seems that this 

can only be realised by implementing a fully functional prototype with a multi-modal interaction style in a real 

environment. Believable and realistic environmental conditions seem to be of particular importance in studying 

how the system should support transitions from the background to the foreground. 

4.4 Health Coach 

Health Coach informs normal healthy people about their current health situation and advises on nutrition and 

activities based on trends in physical measurements, like temperature, weight, blood pressure, heartbeat, and 

physical activity level. The latter is a sensor that the user straps on for a longer period of time, e.g. during exercise 

or even all day long. This enables the users to maintain or improve their physical condition. 

Some of these measurements can be taken with products that are currently on the market. The innovation in the 

concept lies mainly in the integration of the measurements that allow for information otherwise unavailable and 

advice with a higher level of information. For example, the fitness of a user depends on the combination of heart 

rate and physical exertion. Information and advice about fitness would not be possible without the integration of 

heart rate and physical exertion data. 

Similar systems, though not so all-embracing, are already on the market (e.g., Tuomisto and Pentikäinen, 1997; 

Nike, 2000). The added value of the Health Coach is in the integration of information and the targeting of 

consumers that are not sports fanatics or calorie counters. The Health Coach aims at healthy consumers rather 

than patients or former patients (e.g., Szolovits et al., 1994). 

Another innovation lies in using models for the nutrition part of the system. Instead of requiring users to enter the 

food they have consumed, a tedious and often insurmountable hurdle, the system calculates this data on the 

basis of other data that is more easily acquired namely weight and physical activity, .i.e. energy consumption by 

the body (also see Westerterp et al. (1995) for the model used). This makes the system much easier and more 

natural to work with, which is one of the general design principles. 
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Analysis 

To specify the characteristics of the concept of a Health Coach in more detail, possible applications were explored 

in a workshop where ten application scenarios were generated. 

On the basis of criteria from the family studies, among other things, two promising application scenarios were 

merged into a single scenario that focused the Health Coach concept on the application areas of nutrition and 

activities. Additionally, the target user group was identified by means of interviews and market research data. A 

scenario was written for the intended target group based on this application concept. The scenario was used to 

guide the decisions related to the interaction concept. 

Concept generation 

The focus of the user-interface research for Health Coach is on the presentation of the medical data and 

conclusions. Medical data often has units of measurement that are unfamiliar to consumers. A workshop was 

therefore organised to look into this issue specifically. Many different concepts were generated to visually present 

medical data that have an unfamiliar unit of measurement. The workshop also dealt with the presentation of 

combinations of data from different sensors. 

Apart from the general design principles guiding the generation of the interaction concept, some more specific 

requirements regarding health were taken into account, requirements that were voiced by the participants in the 

domain exploration. An example is the decision to make the presentation of normative healthy values next to the 

own measured data of the user optional instead of standard. Although arguments can be given about why the 

presentation of normative healthy values should be standard, we decided against it because the participants in 

the domain exploration clearly indicated that they did not want to be confronted with that information all the time, 

fearing that they would become obsessed with their health. 

Development and evaluation 

A prototype is currently under development. This prototype will implement the developed concepts for presenting 

medical data. These were first tested for comprehensibility and preference. When the prototype is completed, 

users will test it in an appropriate environment. Extended user studies are likely to be necessary, possibly leading 

to new developments in usability testing methodologies. 

5 Concluding remarks 

Using ethnographic approaches to explore certain application domains usually involves gathering a vast amount 

of detailed knowledge about the domain. As argued by Hughes et al. (2000), it is a challenge for this type of 

research to find a balance between the detailed nature of such knowledge of everyday practice and the need of 

system designers for general design principles. In this paper we described how we translated the fine-grained 

information about people's 'home experience', which we acquired in a number of interactive sessions with 
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families, into a list of general principles for the design of the future in-home electronic systems. We subsequently 

implemented a number of innovative interaction concepts for the home of the future inspired by, and following, the 

uncovered design principles. 

The 'Wake Up Experience' and 'Home Radio' prototypes were qualitatively assessed by user-system interaction 

experts. In general, the prototypes were found to comply with the general design principles for future home-

interaction styles drawn from the user studies (see section 3). These prototypes clearly enable experiences and 

go beyond supporting tasks. At the same time, this is an apparent shortcoming of the current implementations: to 

properly assess the 'Wake Up Experience' one should be able to experience the application in a real bedroom 

while actually waking up. The same holds for the 'Home Radio' concept: the desired effects can only be truly 

experienced when implementing a fully-fledged prototype including installation of sensors in a real home. The 

following important lesson was learnt from this: to assess an 'experience' prototype one should go to great lengths 

in allowing end-users to realistically interact with and experience an application in the proper context of use. We 

have come to the conclusion that this is of particular importance for the multimodal and adaptive interaction 

components of the user interface. Multimodal interfaces aim to improve the naturalness of user-system 

interaction. True naturalness can only be achieved in the actual physical, social and cultural context of use. We 

also believe that valid evaluations of adaptive systems (from a user point of view) should be performed in a 

realistic 'everyday life' setting where adaptation of the system to the user (and vice versa) is done under 'real' 

space and time constraints.  

When considering multimodal system input, two different cases should be considered: real-time or direct user-

system interaction, and interaction based on context-of-use information which is automatically extracted from the 

environment. When designing interactive systems, the focus is usually on direct interaction issues. However, as 

we learnt from the Health Coach concept, expected system behaviour can equally well be realised with minimal 

direct user input by integrating it with information gathered by sensors in the environment. This implies that the 

'traditional' multimodality research agenda should go beyond studying the integration of system input technologies 

that 'mirror' the human input modalities (vision, speech, and touch) by including the input from environmental 

sensors as well. 

In all three interaction concepts, system feedback is rendered through the combined use of visual and auditory 

output channels. By integrating these modalities, a certain level of redundancy is introduced which makes the 

system more robust in real-life situations. It was also shown that, by proper design and rendering of multimodal 

system output, the user's perception of and interaction with the information display is characterised by smooth 

transitions from background to foreground (and vice versa). Such 'calm' and user-controlled transitions were 

highly appreciated and seem to be a welcome alternative for the obtrusive ways in which today's appliances 

attract the attention of users (e.g., phones). This finding supports the plea by Weiser and Brown (1995) for 

conducting research into the design of calm technologies and the related research activities of Ishii and his 

colleagues (Ishii and Ullmer, 1997) towards seamless interfaces between people and their environments. 
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In summary, this paper described how we explored people's home experiences and possible interaction concepts 

that can enhance this experience. The concepts that were described in this paper represent only a small sample 

of the total set of ideas that was generated by the families participating in our study. However, the selected 

concepts have proven their value to act as carriers for research into the general design principles for interactive 

systems for future home environments. The development of these concepts was driven by user needs, not by 

technology. From the start, potential end-users were involved and challenged to specify what their dream home 

should be like. They formulated needs, wishes and desires, for instance, the wish to wake up in a pleasant way, 

to stay in touch with their home and to stay healthy. The interactions with the families steered the research away 

from designing functional products towards the creation of contexts for experiences. When talking about their 

dream home, people did not talk about appliances, devices or home networks. People described a home that 

would support and facilitate them in fulfilling their needs. Creating a desired ambience, staying in touch, and 

staying healthy are all examples of such basic needs. The interaction concepts that were presented in this paper 

can therefore be seen as a first stepping stone towards the realisation of future interactive systems that are built 

around true user needs and that aim to enhance the experience of living and being at home. 
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Figure 1: 'Raw data' generated by the families during the first interactive session at home.  

 

 

 

 

 

 

 

 

 

  

 Figure 2: Photographs sent by the families.  
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 Figure 3: Image of the Wake Up Experience prototype 

 

 

 

  

 

 

 

Figure 4: Ambient Paperweight; Rotating Lantern; Pulsating Photo Frame; Shadow Maker (from

left to right).  
 

 

 

 

   

 

 

 

 

 

Figure 5: Interaction states with Home Radio: 1 – Ambient, 2 – Attentive, and 3 – Interactive.  
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