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 AUTONUM  Executive Summary

The objectives of the ACCORD project can be described as through an understanding of the domestic environment create a toolbox that lets future inhabitants of these environments to administer and reconfigure services embedded into future homes.

The consortium behind the project has been made up of one university and two independent industrial research institutes. University of Nottingham have provided the project with expertise in studies of domestic settings as well as technological expertise in distributed systems. SICS – Swedish Institute of Computer Science AB has worked closely together with University of Nottingham regarding the core infrastructure of the resulting Tangible Toolbox. Furthermore SICS has been the leading partner in developing the different exemplar embedded services. Acreo AB has brought their unique knowledge of paper technology to the project to drive and develop the project vision of enable future home inhabitants to be able to print their own tangible interface and through these configure their interactive environment.

 During the first year much effort was put behind analysing and understanding the domestic environment, both existing and what future ones might look like. Through ethnographic studies of existing homes we established a good knowledge of current activities within existing homes. Through studies of technology we achieved a glimpse on future domestic services. Based on this knowledge we created a conceptual model of how services can be created through a combination of components. Each component is called a transformer since it takes some input and generates an output based on that input. Also during the first year several possible use of paper technology were investigated and a working prototype using a paper user interface were developed.

With this knowledge the project carried on into the second year of the project during which the Tangible Toolbox was implemented. This included a large number of different example components that combined in different manners make up services. To achieve these combinations four different editors where implemented addressing different kind of use and user groups. The project also created a paper-based version of one of the configuration tools in the Tangible Toolbox based one paper embedded identification technology. At the end of the second year the project was granted an extension period of six months.

During the extension of the project the main effort was to study the Tangible Toolbox in use in a domestic setting. This included evaluating the conceptual model of the Toolbox as well as the configuration tools. Furthermore, an important goal has been to prepare the developed software and its documentation for public release to enable extended use of the Tangible Toolbox.

The results from the project have been disseminated to external sources at a number of occasions. The project has participated at academic conferences and journals. Papers have been presented at conferences such as CHI, CSCW, DIS, UbiComp and UIST. A journal paper has been published in the International Journal on Universal Access in the Information Society. Further more the project have organized and participated in a number of workshops both within the Disappearing Computer (DC) community as well as externally. The specifically built apartment at SICS where the Tangible Toolbox has been installed has been demonstrated during the two last years of the project. 

The project has had close collaboration with a number of other DC projects, such as InterLiving, SoundingObject(SoB), Shape, Mime, Smart-Its, Paper++ and SuperInks. The project also took the role to organize the second DC jamboree in conjunction with the UbiComp 2002 conference, a much-appreciated event.
 AUTONUM  Project Objectives

The following section is taken from the contract of the project and summarizes the objectives of the project.

“The main aim of the ACCORD project is to develop facilities to construct, administer and manage future interactive home environments. We see the arrangement of interactive devices as the principle means of controlling the complexity inherent in domestic environments. We wish to realise dynamic and adaptive methods, techniques and facilities to allow inhabitants to evolve their own Tangible Interactive Environment (TIE). 

In particular, we wish to empower future household inhabitants by developing a Tangible Toolkit that they can use to meet their local demands. In order to realise this Tangible Toolkit we need to undertake fundamental research focusing on: 

(i) How inhabitants understand and alter their domestic environments. What current and new forms of application are likely to emerge within the home and what activities need to be supported? 

(ii) How inhabitants might relate to future interactive environments. How do we develop and refine for new uses of information and new forms of applications?

(iii) What are the core elements needed to realise a Tangible Interactive Environment? How do we identify the core elements with an environment and how do we characterise these so they are readily understood by users?
(iv) How might inhabitants construct domestic interactive environments from set of components? What mechanisms are needed to support the rapid construction of a TIE from a set of components?”
Although our view of how to realize these objectives has changed slightly during the project the overall objectives have not. This is more described in detail in the methodology and results chapters of this report. More concretely the following three points summarize the objectives of ACCORD:

1. Achieve an understanding of the domain, domestic environments, current and envisioned future ones as well as technical possibilities. 
2. Implement the Tangible Toolkit, the infrastructure, the components and the tools to construct, administer and manage these components based on the understanding and together with users.

3. Discover how users relate to the developed tools and components.

Through the work within the project we have also come to realize broader objectives that are outline in the Future Outlook section.

 AUTONUM  Methodologies

This chapter describes the different methodologies employed within the ACCORD project to achieve the objectives outlined in chapter 2. Advantages of methodologies used are compared to other possible alternatives through a review of the world-wide state-of-the-art.

A user-oriented approach to the development of the Tangible Toolkit was required to represent relevant usage and use of components. There was a definite need to move from a technological dominated focus to consider components that make sense to the user. To achieve this and meet our objectives we exploited a unique combination of activities:

· Ethnographic field studies to identify the daily activities, routines and patterns of technology use within current home settings.

· Technical assessment and component identification for understanding technologies offered and envisioned and the construction of a set of components that embody the most significant technologies. 

· Opportunity identification of scenarios that combined patterns of use identified in the field and identified components.

· The construction of a Tangible Toolbox demonstrator that instantiated selected components using candidate technologies and provided an infrastructure and configuration facilities.

· The development of demonstrators that combined future use scenarios with an understanding of the setting to illustrate the utility of a Tangible Toolbox. 

· The study of the toolbox in use by end–users to understand, assess, elaborate, and refine the usability of the tools under development. 

To ensure that future needs were met, the project adopted a strongly iterative human–centred approach, driven by formative validation and evaluation with end–users. The project used a combination of studies of work and future design envisionments based on co–operative design exercises.
In the following sections are the different methodological approaches reviewed in comparison to other alternatives. The methods utilized to identify the daily activities, routines and patterns of technology use within current home settings are described in the first section followed by the other methods employed, scenario based development and toolkit evaluation.

 AUTONUMLGL  Patterns of domestic life

A key part of the Accord research agenda was the need to support the development of a broad understanding of domestic interactions and technology uses and how these may be best made available to designers and inhabitants.  In order to address this we undertook considerable early work in the development of techniques to best convey a series of existing ethnographic studies of domestic settings using a patterns based framework inspired by the work of Christopher Alexander [1,2]. 

Our use of patterns to present ethnographic work was motivated by the need to provide supporting theories and concepts for those involved in the development of technologies for the domestic. Just as work-oriented design has been compelled to develop a broad understanding of the social character of work and organization [17, 19, 7], then so too the IT community is now under increasing pressure to develop a broad understanding of the social character of the domestic setting [30, 39, 21]. IT designers increasingly need to be aware of the social circumstances of technology usage in the domestic environment, especially of the everyday activities and interactions that shape technology usage in the home.
Our work has contributed to the development of this broad understanding by using a pattern language framework to identify generic patterns of social action (i.e. interaction or action simply put) and embedded technology usage from the minutia of ethnographic studies of the home. Following success in software engineering [13], pattern language frameworks have been championed by members of the HCI community as a vehicle for sharing design solutions [3, 10, 12]. Existing patterns frameworks is essentially retrospective in character. The general aim has been to mine existing experiences in order to build a set of patterns that convey design problems and solutions to the wider community. Prescriptive solution based patterns approaches have been complemented by descriptive patterns frameworks, which are concerned to illuminate, again retrospectively, work arrangements that commonly occur across a variety of settings, rather than design problems and solutions [11, 28]. These patterns frameworks form part of a broader pattern based-approach to design where patterns are made available as a resource for design teams [18].

Our work within Accord has extended the concern with descriptive frameworks by shifting from a retrospective outlook to consider a prospective role for patterns in the design of interactive systems for the home. We used pattern-based approaches as a means of structuring the on-going analysis of ethnographic material as part of an on-going process of design. Our aim, then, is not to re-examine previous ethnographic studies in the search for aggregated phenomena but to provide those undertaking ethnographic studies of the domestic environment with a structuring device allowing them to align their research with the broad needs of design. Our turn to a descriptive patterns framework as a means of driving an on-going design process reflects the lack of a general understanding of the home and is informed by Alexander’s original work where the commonsense notion of place was central to the structuring and presentation of patterns. 
Our adapted patterns framework has been made available to a number or research projects and has served to elaborate several broad design concepts that may usefully be oriented to when inspecting and analyzing the domestic design space. The adapted patterns framework provides a socially oriented approach to inspecting and analyzing the home and provides techniques for structuring ethnographic studies to identify patterns of action and technology usage from within the milieu of domestic activities. The identification of these patterns supports analysis of the domestic design space elaborating what people typically do in the home, where, and how. Furthermore, the coalescence of patterns around particular technologies in the home supports the formulation of design solutions supporting the day-to-day needs of inhabitants. These patterns have been made available to the HCI community through a series of pattern based workshops and a collection of patterns has been assembled to support our own design activities and is available as a public demonstration at  http://www.mrl.nott.ac.uk/~axc/patterns_of_home_life/patterns_homepage.htm
 AUTONUMLGL  Scenario driven development

Scenarios can be used in several different ways regarding design and development. In human computer interaction, scenarios are typically used to map out the interaction between a user and a system before the system is built, often in conjunction with object-oriented methods (c.f. [Carroll 1995]). A well-designed scenario can catch design mistakes and inconsistencies before they are implemented in a working system, saving time and money in the process. Other fields, such as requirements engineering, are also using scenarios in a similar way to influence the design specification of a system or product. For an overview of various such approaches, see [Jarke et al. 1998]. Finally, scenario planning has been used in strategy development context where it is crucial to shape a working strategy for an uncertain future. Described briefly, scenario planning is a method providing a wider range of what-if type of questions and thus gives a better view of the possible uncertainties in the future than would otherwise be the case. [Ringland 1998]
Creating a common perspective between members of a team can be described as building a common mental platform [Björk and Börjesson 1998]. The term common mental platform does not imply that all team members should have the same opinions. It should rather be viewed as something similar to a common cultural platform; i.e. a set of commonly defined concepts making discussions about a certain subject valuable to all participants. Using scenario-based methods to create such a common mental platform during the start of a research project has been proven worthwhile. [Bergqvist et al 1999]
An important step before the actual design and implementation of the Tangible Toolbox was to combine the findings from the studies of patterns of domestic life and the technological assessment. To achieve this the project decided to use a scenario-based method. By collectively creating scenarios of future use describing patterns of domestic life in a domestic setting infused with technology we created a shared view of what role and purpose the Tangible Toolbox might have.

 This is somewhat similar to how scenarios have been used in the Smart-Its project. [Holmquist and Maze´ 2000] Within Smart-Its, scenarios has been used to describe technology applications in certain use contexts. This allowed them to evolve application descriptions from a user-centred design perspective as well as one from technology requirements. Within ACCORD we were not that interested in the specific application nor the actual use of the technology as such but rather how the use of technology adapts to family life and change over time. These scenarios, where the use changed, helped us to understand some of the demands from a user perspective out on a system like the one the ACCORD project envision.

 AUTONUMLGL  Demonstrations

Within the project we have come to use demonstrations as a part of the design and development process. These demonstration have been quite small, typically a small group of visitors to one of the labs and quite informal in nature. Even though public demonstrations do not yield much scientific knowledge we believe them to be an important part in the development and design. By exposing early working prototypes to users the following is achieved:

· Finding obvious flaws in the design for not initialised users, including both general principles as well as user interface

· Discussion about the principles

· Dissemination of results

Thus these findings are of very little scientific value but the process finds several minor flaws that can during proper evaluation become obstacles. The lack of feedback for instance in a user dialog are usually treated by the developer as something that’s easily fixed later and is not very important in the overall system. Though from the users perspective this lack of feedback for a certain action can be such a great obstacle that he or she is not capable to continue with the next logical step. If this flaw would not have been discovered until the actual evaluation this might jeopardise the whole evaluation session. By demonstrating the system several times many of these minor errors are found and can be resolved before taking the prototype into evaluation. 

Also the demonstrations gives an opportunity to discuss the underlying principles and for the researcher to practise a good way to express and explain these to the general public. This is also an important step before the evaluation, if the one presenting the system for the test subject fails in this the results of the evaluation are of little value.

Finally the public demonstrations, specifically those demonstrating a tangible system or principle, are an excellent method to disseminate the results beyond the research community. Typically the demonstrations are given to industrial partner or politicians visiting the different sites but also at events like an open house where the general public can come and visit. 

 AUTONUMLGL  Evaluating the Toolkit

Our knowledge of the nature of domestic spaces and the types of interactive devices that need to be placed within them is still emerging. A number of different qualitative research approaches have being used to seek to understand domestic environments. These include ethnographic studies, the development of models of technologies, the use of cultural probes and patterns. Evaluating the toolkit was not a straightforward matter. This was not due to a lack of evaluation methodologies but rather, because of the nature of the evaluation exercise. When we speak here of ‘evaluation’ we are not, as it might be presumed, seeking methods that might validate a product. Ours is a research project, not a product development project, and so the concerns we have with evaluation are different to those at work in commercial environments. When we invoke the notion of evaluation our primary concern is to establish the veracity of our technical concepts and, to further elaborate those concepts, by incorporating range of exploratory approaches that might be best categorised, in methodological terms, as a user-oriented approach. This marriage of evaluation techniques included mock-it-up, prototyping [Floyd 1984] ‘situated evaluation’ and ethnomethodologically informed ethnography [Crabtree 2003].

The decision to use this situated approach was not through lack of resources or poor design but a matter of methodological intention. Our initial designs are essentially incomplete for good reason: namely, that they provide an opportunity to engage end-users, and more specifically their expertise, early on in the design process in a formative and open-ended process of mutual learning where potential users can develop an informed sense of technological possibilities and designers can arrive at an informed sense of the concrete ways in which future technologies might be configured and deployed to meet real user needs. And therein lies the problem. What does it or might it mean to develop an informed sense of technological possibilities and to arrive at an informed sense of technological configurations meeting user needs? By what criteria and through what methods could users and designers together arrive at firm conclusions and so establish the veracity of and further elaborate technical concepts? 

 AUTONUMLGL  Developing an Informed Sense of Technological Possibilities

In practice the development of the underlying technical concepts was operationalising through a series of situated evaluation users studies. These focus of these early studies session sought:

· To understand the intuitive availability and efficacy of the jigsaw metaphor from users’ point of view.  

· Uncover users understanding of abstraction in order that we might keep the level of complexity in reach of end users.

· To develop insights into what sorts of devices might fit into a real home environments and so inform continued development.   

As noted above, we combined mocking-it-up and prototyping with ethnographic methods [Crabtree et al. 2000]. Evaluation sessions, conducted at the homes of our user panel, were using video recorded so that user interaction, initially with the mock up and then subsequently prototype, could subjected to detailed interactional analysis. This analytical phase of the work of the mock-up sessions proceeded by attending to participants’ conversational formulations, which elaborate an unfolding sequential order of conversational objects each consisting of discrete component events whereby technological possibilities are projected into domestic life and subject to domestic reasoning. In other words, paying close and careful attention to the conversational formulations that make up the mock-up sessions elaborates how participants make sense of, analyse and so develop an informed sense of technological possibilities with direct reference to their domestic lives. 6 of mock up sessions were conducted with a panel of 8 participants in 6 homes, each over 1 hour period (visits lasted 3-4hours). Subsequently, the same panel of volunteers participated in the evaluation of the prototype screen-based editor and the provotypes in their homes. It should be noted and taken seriously that the purpose of these sessions was not to involve large numbers of potential users in order that our findings could be said to be ‘representative’. Rather, in the early and exploratory stages of research we are concerned to bring potential users expertise to bear on development. Homes are commonplace and in keeping with the late Harvey Sack’s methodological maxim – “Tap in whomsoever, wheresoever, and we get much the same things” [Sacks 1984] – we reason that a great deal may be learnt from the commonplace expertise of a small number of potential users. This, of course, is an orientation to evaluation in research settings which has already been recognised others [Twidale et al. 1994]. Indeed, as Twidale et al. put it,

… in one sense, no end-user is unrepresentative in that all end-users’ viewpoints and requirements reflect a context in which the system may have to function and, in the first instance, we are concerned to identify some and not all ways in which the system might under-perform or cause problems.

While we are concerned with different outcomes – namely the veracity and elaboration of technical concepts in contrast to underperformance and problems (as our conception of the system is not so complete as to beg those questions) – the maxim maintains. It should also be said that the quantity of users is not reflected by the quantity of data produced by the mock-up sessions. Being concerned to learn from potential users’ expertise as manifest in the mock-up sessions and recorded on video, the sessions produced a great deal of quality data (See Deliverable D3.3, Study of the use of the Tangible Toolbox).

 AUTONUMLGL  Acquiring at an Informed Sense of Technological Configurations Meeting Real User Needs

With the prima facie veracity of the concept established we then moved on to consider ways in which the foundational technological concept might be elaborated and developed. In order arrive at an informed sense of technological configurations meeting real user needs we migrated the mock-up to a working a prototype and made that available to end-users in their home settings. Again, we worked on the assumptions of the methodological maxim laid out above, and studied ‘hands on’ use through ethnographic methods, but this time we tied that maxim to technological criteria of evaluation. The criteria we employed are derived from Cooperative Design [Bødker and Grønbæk 1991], which is a broad approach to design which recasts evaluation as an early, constructive, and iterative part of the research and development process. More specifically, the criteria are derived from Cooperative Analysis [Mogensen 1994], where ‘provotypes’ of potential solutions are constructed to engage users in analysis of potential technological configurations in relation to their day-to-day concerns [Mogensen 1992]. The criteria consist of the following:

· Seeing the Sense of the Technology. On encountering a novel technology, users can rarely see the sense of it. It is not, at first glance, intelligible to them and its potential use must therefore be explained. ‘Explained’ is a gloss on the work involved in coming to see the sense of the technology, in coming to see it as an instrument that may support their everyday activities. That work involves guiding users through the provotype’s functionality. ‘Guiding’ does not mean demonstrating the provotype’s technical features, however, but walking practitioners through the functionality in order to show them just how the prototype may be used as a tool in the accomplishment of the real world activities of work it is intended to support. The first question is, given that course of work, will users see the sense of the technology or will it remain unfathomable?

· Recognising the Relevance of the Technology. That users may come to see the sense of the technology does not mean that they will recognize it as relevant to their everyday activities. If users are to engage in any meaningful analysis of the technology’s potential utility, and further elaborate functional demands that may be placed on it, then they need to be able to recognize the relevance of the technology to their everyday lives. The recognition of relevance is embodied in users’ conversational formulations, which analyse the technology’s adequacy with respect to the users’ current circumstances and the projected uses of the technology in relation to those circumstances. The outcome of recognising the relevance of the technology is, then, a corpus of ‘stories’ that analyse the technology’s potential utility in the context of their everyday lives. The question is, will users recognise the relevance of the provotype and, if so, in what ways?

· Appropriating the Technology. That a new technology may be recognized as relevant by the members of some community of practice does not necessarily mean that they wish to appropriate that technology. Naturally there are many reasons for this, though in the early stages of development concerns are likely to expressed about the available range of functionality. Identifying the barriers to appropriation expressed by users in their encounters with the provotype is crucial to continued development. Again, those barriers are articulated in users conversational formulations, which together furnish a corpus of stories motivating further development. The question is what, if any, barriers will users express and what will those expression be concerned with?
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 AUTONUM  Project results and Achievements
This chapter reports on the different results achieved within ACCORD. The first section deals with the findings from the ethnographic field studies. These ethnographic findings with the technical assessments based the knowledge ground for the project in the first year. The technical assessment and component identification are shortly described in one section that is followed by the section describing the scenarios used to drive the development. The construction of a Tangible Toolbox is described in three different sections covering the infrastructure that enables the functionality of the Toolbox, the components that make up the services that are possible to create and the different editors used to create these services. The section that reports on the study of the toolbox in use gives the results found when bringing the toolbox into homes in England. The last section elaborates briefly on possible societal impacts of the results from the project.

 AUTONUMLGL  Ethnographic field studies

The work on ethnographic studies of the home has been used to motivate the design and development of a series of editors within the Accord project. This has been complemented with the development of a number of generic sensitising concepts to support those involved in technological development for the home. This work involved a series of long-term ethnographic studies of 22 domestic environments throughout the duration of the Accord project. 

One of the significant results of these ethnographic studies was the importance of communication in the everyday work of the home. Over the course of our studies the topic of communication emerged as a key issue. Our orientation towards communication also came from two principle sources. 

· These studies indicated that a great deal of activity in the home is concerned with communication coming into and going out of the home and that many of the information resources and technologies in the home are implicated in communicative action. 

· Communication has been one of the major areas of development in computing generally and provides a key motivator as design moves out of the workplace and into the home. 

To complement these broader set of studies where communication emerged as a general and pervasive issue within domestic settings, we undertook three highly detailed and focused studies of communications in three different family settings in order to develop a more coherent understanding of communicative activity and its social organization (i.e., to develop a better understanding of how incoming and outgoing communications are produced, managed and consumed). 
The studies differed from our previous studies by actively involving the participants. Rather than have an ethnographer ‘hang around’ the home, we asked our participants to video communications coming into and going out of the home and to keep a log briefly describing where the communications occurred, what they were about, who was involved, and what was done in response to particular communications. This strategy had two distinct benefits. 

· It meant that the ethnographers did not have to spend long periods of time waiting around for events of relevance to the research to happen. Over a one-week period during the study, incoming and outgoing communications took up around one and half to two hours of video tape. More time was spent on communication though the details were not always recorded, and understandably so, because of a variety of sensitive household matters. Nevertheless, the approach produced a rich corpus of quality data and was highly cost effective. 

· Enlisting participants as data gatherers provided the opportunity to open up a highly detailed and intimate dialogue with household members. The video and logs became conversational resources which we used to explore the social organization of communication in the home in collaboration with those parties who actually do the ‘work’ and organize their communications in the doing. The approach enabled us to involve inhabitants in a design dialogue and to bring their competences to bear on design reasoning then. 

This approach allowed us to examine empirical instances of communication in theoretically unmediated detail in order that we might see what can be seen and learn what can be learnt of communication in the home as real world, real time socially organized activity. This examination allowed us to make available the social organization of communications traffic as a whole to designers. What emerged in doing this was regular patterns of technologically mediated activity and the reciprocal flow of communications traffic around the home. Thus we see traffic flow from familiar place to familiar place in the home. 

In particular, three different, grossly observable properties of these places emerge as a means of managing the production, management and consumption of communication. These include:

· Ecological Habitats: places where communication media live and where residents go in order to locate particular resources.

· Activity Centres: places where media are actively produced and consumed and where information is transformed.

· Coordinate Displays: places where media are displayed and made available to residents to coordinate their activities.

These three concepts have been presented and used by designers as a means of understanding the nature of the domestic setting and as a means of understanding how technology might fit into the home. 
 AUTONUMLGL  The technical assessment and component identification 

Understanding what technologies offered and envision technical possibilities was an important part of the early stage of the project. Through collecting a large variety of existing technologies that are examples of information technology for domestic life the project achieved a view of the existing vision of the future home. Further more this collection was extended with interesting technical components that could be used to create examples of domestic services. The collection of examples of devices and technologies have been categorized and made available on at the project website, http://www.sics.se/accord/technology.html. This material was used as inspiration for the development of the scenarios in the next section as well as components when developing examples to demonstrate the Tangible Toolbox.

During the life of the project this collection has continued to be updated and during the last period of the project it was changed into a online database that will continue to exists after the end of the project as a resource for prototyping, http://ada.sics.se/protoblog/

 AUTONUMLGL  Identification of possible scenarios

To drive the development of the Tangible Toolbox a set of different possible scenarios were created. These scenarios were derived by considering a number of common tasks that might be supported around the domestic environment and the range of functionality required to realise these tasks. This work has been informed by the collection of patterns describing how domestic technologies are woven into the fabric of everyday life, and through a consideration of how different technological possibilities might be plausibly used. The main result was presented as the definition of two scenarios that were used to focus the development of the toolbox.

Focusing on these scenarios achieved fine-tuning of the infrastructure and realization those components needed. The first scenario emphasized on the components and their use, the second emphasized on the change and management of the system.

As the patterns of home life were derived from activities within the kitchen the first scenario is concentrated around this area. The kitchen table was identified as the activity centre within the kitchen and thus this scenario takes place around it.

Scenario 1

The mother of the house has just arrived home from picking up two of the three children from kindergarten. She is about to start preparing dinner and therefore brings up a drawing application on the kitchen table to let the children play with and keep them occupied. She also drops off the mail she picked up at the front door, and by doing so brings up all e-mails received during the day. She looks it through while the kids start to play but since there were no interesting mails she starts to look in the cupboards to see what ingredients are available. Seeing that they have a lot of pasta at home and upon receiving a calendar notification of today being her mother’s birthday, she comes to think of a pasta dinner her mother used to prepare that she has not made for many years. She calls her mother to congratulate her and also to ask for the recipe, as she could not find it at home. Her mother is very happy to hear from her daughter and they talk for while. Before she hangs up she receives the recipe as well. For the sauce she uses the last tomatoes, but new ones will be delivered tomorrow.

The younger daughter gets bored of drawing and brings her toy cars to play with on the table instead. A newspaper becomes the shopping mall and the sugar bowl is the house. She drives around on the tabletop buying food in the store and brings it home. The third child, who is attending school, comes home and needs to do his homework before dinner. He needs his mother’s help and therefore needs to sit by the kitchen table as well.

The two younger children are shown into the living room where they continue to play. They bring what they have drawn on the kitchen table onto the floor in the living room as well as the toys they used.

The father comes home about 30 minutes before the dinner is ready so he starts helping the son with the schoolwork to be ready by dinnertime. The son finishes just before dinner and sends it off to school to have it available by tomorrow morning. When contacting the school he gets a reminder to tell the parents about the meeting next week with the teacher. The father looks up in the family calendar and writes a note to the teacher suggesting two days. He also writes a note to remind the family about this event next week. As it is time for dinner he collects the girls in the living room and stores their drawings in their personal storage.

After the dinner it turns out that a bit too much food was prepared so the father decides he can take some of it tomorrow to work, puts it in the refrigerator, and sets an alarm to remind him tomorrow morning.

Even though this scenario’s main objective was to identify a number of devices and components to realize, it also addressed the more important features of the ACCORD toolbox: how the family configures and administers these applications. From the above scenario the following items for configuration can be identified:

· What application should be easily at hand at the kitchen table?

· How to associate physical objects to particular content, and create a context on which these objects communicate with each other.  This in the case of transferring the drawing content in the kitchen to another medium in the living room. 

· How to give the grandmother access to part of their data space, in this case the recipes.

· How is the shopping list to arrive at the right supermarket and for them to receive the right address to deliver to?

· How to access the school data space.

· How to let the school receive partial data from the calendar application.

· Personal storage within the data space.

· Personal identification.

The next scenario dealt more with how to change the behaviour of the system. Intelligent power management and burglar alarm systems are frequently used as the selling arguments of today’s intelligent houses. We believe there is a need for the habitants of a house to get an understanding of how their house alarm system work and provide them with tools to change it to fit their needs. Most of the technology already exists, and we just need to interconnect it and make it visible to the users.

Scenario 2

The family is about to go on summer vacation for four weeks. They have rented a house on the beach and are looking forward for their vacation. They want to set up their home system to divert all calls and electronic communication, except those that are work related, to the summerhouse. To prevent burglars from attempting to break in they want to configure the house to behave as if they still lived there, to turn on the lights in the evening and turn them off when they have usually go to bed, and to have the TV on when they usually watch TV.

By focusing on the movement of the household from the permanent location of the house to the temporary summerhouse a number of re-configuration issues will be highlighted. The following changes can be identified directly:

· Divert incoming telephone calls and other means of communication.

· Divert reminders.

· Turn off the automatic shopping system.

· Have personal data to follow into the new household.

· Change automatic systems to follow some form of scripts.

It also highlights visualization of the underlying infrastructure and the data within the system. To be able to judge from a user perspective if the system will replicate the inhabitant’s patterns in a believable way these must be visualized in an understandable way. There will also be a need to visualize these extracted patterns, extracted from user behaviours through application interaction and sensors. A visual representation of the scripts has to be achieved as well.

The two scenarios addressed the different interests of the partners within the project. Acreo are working with other projects on how to embed tagging and sensor technology into grocery packages to both identify specific packages and the status of their content. Nottingham provided the Equip platform that will be the underlying infrastructure for shared data spaces. SICS is interested in achieving a better understanding of interaction with tangible interface, and on different ways of visualizing the underlying infrastructure and data space. Though these scenarios were not considered as design specifications but rather sources for inspiration and guidelines. In the Tangible Toolbox section the implemented functionality is described.

This work is reported more in detail in deliverable D1.3 Usage and Development Scenarios for the Tangible Toolbox.
 AUTONUMLGL  Paper technology

We started the project by examining the state of the art in paper-based technology, examining the approaches being taken by other parties such as eINK, Gyricon and PowerPaper. The applications/artefacts where this technology is being put today were identified. Acreo has provided with state-of-the-art knowledge regarding paper technology. Thus we ensure a firm grounding in theory while also recognising what is technically possible or not. 

Acreo’s own technologies were matched with several possible prototype artefacts, to examine the potential use of paper-based devices in the overall work of the project, and they were ranked according to some parameters including “need” and “do-ability” (e.g. probability of success). 

These were two different paper display technologies found to be more interesting; one interactive technology (a kind of push-buttons) and a sensor or ID (wireless) technology. One use of paper-based technologies, and in particular paper-based displays and input sensors, were then identified. A review of the alternative approaches in this area was carried out and there were many possibilities out there. However, many of these approaches were expensive or required specialised substrates or surfaces while the Acreo approach works with standard paper and electronics can be incorporated into the paper easily as well. 

Surfaces that animate due to predefined timing information or due to interaction from a use at a touch sensitive area are available to us and we have prototyped a paper-based universal remote control that was demonstrated at the Jamboree in Zurich. 

The next step was to identify the supporting infrastructure to allow these components to communicate with ordinary software and hardware components. For this we have designed and produced some prototype PCBs to function as interface between the paper and the ordinary software and hardware components. 

After Zurich and the reviewers comments that “the use of Acreo’s technology in such a scenario is not very convincing” we have focused on analysing and developing different ID (RF-ID) systems to be used in ACCORD instead. One of our scenarios is relying on cheap and reliable ID “source”. So the boundary conditions on these ID systems are that they must be cheap and reliable. Acreo has developed new ways of producing ID-tags in a cheap and environmentally friendly way (see the introduction to the technology below). These ID tags will be tested as information carriers in the appropriate scenarios. More elaborate ID systems were developed after we found ways of introducing our paper based transistors in the toolbox and after initial problems with unexpected difficulties with integrating the printable paper based transistors into the ID and RF-ID technology, we now have such a functioning system. Several of the physical transformers that Acreo has developed have been tested in the SICS apartment and users have been invited to use them.

Short introduction to the Acreo ID tag technology

Remotely read identification tags have a wide range of different applications and uses (see for example RFID HANDBOOK “Radio-Frequency Identification Fundamentals and Applications”, ISBN 0 471 98851 0). They are though suffering from relative high prices as they utilises silicon chips and metallic antennas. One of the technologies promising to be a cheep tagging solution is the identification system from Motorola, the BiStatixTM technology. In these systems the smart part of the tag is in a silicon-based chip placed in proximity to the printable antenna unit made from metal or carbon based inks. This chip together with the antenna unit is used to transmit a signal, usually an identification code. The chip needs to be mounted on to the antenna via a transistor inside the circuit. The signal from the chip is, via the transistor, used for modulating the antenna characteristics in such a fashion that the receiver can recognise the signal and detect an ID code. The price of these tags is still rather high as a chip is needed and the whole assembly of the RFID tag is not possible to do in a printing, or reel to reel, production line.

At Acreo and in the PAELLA (PAper ELectronics Low-cost Applications) project we therefore turned our attention to other approaches, fully printable. Semi-conducting and conducting organic materials, both polymers and molecules, have successfully been included in a large range of electronic devices, e g electrochemical devices, for instance as dynamic colorants in smart windows and in polymer batteries. Reversible doping and de-doping involving mobile ions switches the material between different redox states. One type of transistor device based on organic materials utilises electrochemical redox reactions in the organic material. These devices comprise an electrolyte and a conducting polymer that can be switched between an oxidised and a reduced state. One of these oxidation states then corresponds to low, preferably zero, conductivity in the material, whereas the other oxidation state corresponds to a high conductivity relative to the first state. These materials, conducting polymers and electrolytes, are possible to turn into printing inks. At Acreo we have used these types of printable transistors together with the printable antennas to achieve transistor modulated antennas = > RFID tags. The transistors can be arranged in cleaver ways to represent unique codes, readable via the antenna. Also the transistors can be made “interactive” by supplying a voltage (the push button approach”) to the transistor(s) and changing its/their state(s). The problems with identification devices in the prior art include that they are difficult and expensive (>0.50 USD) to manufacture. In particular, the chip part of the identification unit is limiting the capability to mass-produce the tags to lower prices. These obstacles are overcome by Acreos technology where the “chip” and the antenna part are all printed. Furthermore, materials used in the chips of prior art devices suffer from a lack of environmental friendliness, processability and economic production possibilities. Consequently, Acreo can provide an improved identification circuitry with a simplified antenna-logic connection being more environmental friendly, more processable and cheaper to produce. 

Our development of the toolkit has been driven both by what is technologically possible and available and by the scenarios and patterns that were identified in the home environment studies. Prototyping and developing different scenarios has driven the development of the toolbox and helped us to identify a core set of components in terms of devices and infrastructure support, which generally are needed.

 AUTONUMLGL  The Tangible Toolbox

This section describes the implemented Tangible Toolbox. The Infrastructure section describes the compositional component model adopted to achieve configuration and composition of service for users. The Components section describes currently implemented components and their functionality while the Editors section portrays the tools to accomplish configuration of these components.

 AUTONUMLGL  Infrastructure

Our starting point for the development of a user-oriented model has been the development of a component model for ubiquitous devices in home environments. Component based models have gained popularity across a range of different domains of application. Component models have proven successful in reducing the development costs of many forms of application. This includes interactive applications such as cooperative applications
. We wish to exploit these benefits to allow the rapid introduction of devices to domestic spaces and reduce the cost of reconfiguration to allow ubiquitous computing to become part of the everyday fabric of the home.

Component based models seek to balance between the benefits gained from assembling existing components and the loss of expression and generalization imposed by following these rules. The majority of component models have focused on software components with an emphasis on supporting the programmer. In our case we wish to develop a component model that embraces a heterogeneous collection of devices and is readily understood by inhabitants of the home. Consequently we have tended to focus on making the composition rules as simple as possible despite the cost of a reduction of expression. The basis of our component model is the notion of a shadow digital space. This shadow digital world acts as a ‘digital’ representation of the physical environment and allows real world devices to make information about the nature of the physical environment digitally available. Devices can use this shared digital dataspace to become aware of their context and represent this contextual information to other devices and to make this manifest in the physical world. The aim of devices within the physical environment is either to make information from the physical available within the digital or to make digital information have a corresponding physical manifestation.

The fundamental aim of components in our arrangement is to ensure the convergence of the physical and the digital environment. Thus each component can be though of as a digital/physical transformer that provides a conduit between the real and the digital. There are three main classes of components. 

· Physical to Digital Transformers take physical effects and transform them into digital effects. Any particular device may make use of a number of transformers. Essentially each transformer measures a physical effect and transforms it into a corresponding digital property that is shared through the dataspace.

· Digital to Physical Transformers represent the complementary set of transformers. Their job is to make digital information physically manifest in the real world. This class of components transforms the values of shared properties to drive some sort of physical device.

· Digital Transformers act upon digital information and effect digital information. This class of components provides a way to present to users deeper semantic reactions to changes in the environment.

In the associated toolkit the different transformers are realised as different JavaBeans.

Each JavaBean acts as a component cover for the device and exposes the properties that it wishes to share through the dataspace. In our case we exploit our own dataspace called Equip, which provides semantics that are similar to dataspaces such as TSpace. Our dataspace provides a JavaBean export facility that introspects the JavaBean and publishes the properties associated with the bean. Other process listening to the dataspace can link with the property in the dataspace and be notified when it changes.

This model is analogous to the one proposed within iStuff which provides developers with a set of discrete devices that can be assembled through publication of state information within a dataspace called the event-heap. In this paper we build upon this work by considering how components such as the devices in iStuff and the ways in which they are configured might be exposed to users. Consequently, our emphasis is on the development of user-oriented editors that allow the dynamic composition and assembly of arrangements of devices. Below we focus on the design and development of the primary editor – the jigsaw editor -that we have developed in partnership with users through a series of focused cooperative development exercises.

 AUTONUMLGL  Components

The aim of the proposed platform within ACCORD is about allowing inhabitants to manage services and interactive devices in a home. To this end the platform makes a “dataspace” available where different components can share their properties. In order to

· develop and test the underlying platform for our Tangible Toolbox

· perform technical user tests and demonstrations

· perform user tests to verify our conceptual models

a number of components, so called transformers, have been developed. These transformers are based around our original notion of a shadow digital world and physical-to-digital, digital-to-digital, digital-to-physical transformers working on the data in this world. Many components developed after user tests have been motivated by functionality requested in discussions with users, regarding aspects of life such as:

· Coordination across family

· Access and entrance to the home

· Connection between families
Apart from components developed strictly within ACCORD, also components using results from the Smart-Its sister project have been developed. Here follows latest list of current components and a simplified explanation of their purpose:

· Accelerometer – Publishes accelerometer readings from a accelerometer.

· AddToList – Adds an item to a list which it publishes in the data space.

· BlogPublisher – Posts entries to weblogs.

· BubbleTower – Controls air bubbles and lights in an ambient water tower display.

· Camera – Publishes web camera pictures.

· GroceryAlarm – Reports missing groceries, using an RFID tag reader.

· HallwayTable – Publishes information about what objects are laying on a hallway table.

· KitchenTableDisplay – Shows web media on a kitchen table.

· MailReceive – Publishes email data from a mail server.

· MailToBubbles – Transforms email data to commands understood by the BubbleTower.
· Motion – Publishes motion notifications from a Smart-Its device with passive IR motion sensor.
· News – Publishes Web addresses retrieved from the MoreOver Web news service.
· PocketDisplay – Sends Web addresses to a pda, to be displayed.
· Reminder – Publishes entered textual or auditory reminders at specified times.
· SICSWebHits – Publishes information about Web server traffic.
· SMSReceive – Publishes incoming gsm sms messages.
· SMSSend – Sends gsm sms messages.
· SmartItsDefault – Publishes sensor data from default Smart-Its prototype.
· Speech – Transforms text to speech.
· TableCommands –RFID interaction objects on kitchen table controls Web Browser.
· TextToWeb – Generates web pages from text input.
· TimerGate – Publishes input data on output at specified time/date.
· WebHitsToBubbles – Transforms web hits data to commands understood by the BubbleTower.
· WebToText – Generates text from web pages.
More information on how these components are used in scenarios can be found in the D3.2 Understanding and Using the Tangible Toolbox project deliverable.
 AUTONUMLGL  Editors

In this section we will describe the types of editors implemented as part of the toolbox.  The editors are the main point of contact for the toolbox and are the principle manner in which applications and services are assembled. Editors are categorized into two basics types: 

· Visual editors – these provide a graphical representation of the interconnectivity between components and utilise graphical manipulations for the management of links

· Physical editors – these provide tangible mechanisms for editing the interconnectivity in the dataspace but do not necessarily visualize it in its entirety.

Visual Editors

We decided to begin by implementing a developer oriented visual editor for creating different household services, before attempting to develop physical mechanisms for interconnecting components. It was felt at the time of construction that this form of simple developer oriented editor would provide itself useful for determining and testing the practicality, effectiveness, and robustness of the envisioned and implemented services.  Its use helped us to improve or discard services based on demonstrations and focus-group sessions, where it became more apparent which of these were of enough practical interest to include in future concrete studies (or future releases of the toolbox).

A graphical library was implemented to support the creation of different graphical elements and to amend the overall look and feel of the interface.  In this design we allowed the inner workings of the system to be made available at different levels of abstraction. This gave us maximum flexibility in determining the appropriate level of abstraction to expose to the user.  The net result was a versatile system to support a user-centred approach to interface development. 

The Graph Editor

The graph editor was the first configuration facility to be implemented as it is based on one of the most straightforward approaches for connecting transformers and services together. Each bean and its properties are represented as nodes in the editor.  Each node represents a bean and its properties are textually visible as an item list.  Properties from different beans can be connected by dragging directed edges from property to property (see fig. 1). This kind of representation is closely related to the underplaying implementation of the toolkit. As such, it is very useful for developers of the infrastructure and of transformers for testing purposes. However, such an environment is less appropriate for home inhabitants, our targeted users, although we could envisage an editor of this form being used by future service providers. 
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The Jigsaw Editor

The jigsaw editor interfaces with the underlying ACCORD data distribution in an attempt to present components and their inter-connections in the most simple and graspable way possible.  It is built atop a graphical middleware developed for ACCORD that eases implementation of graphical interfaces, in our case, editors.  We utilize the metaphor of jigsaw puzzles to convey the bean components as jigsaw pieces and give immediate visual meaning as to the type of service it represents and what interconnections are possible.  We constrict interconnections left-to-right only as to provide a consistent sense of data flow: starting output, middle connections, and final residal.  The jigsaw editor is not intended to be a puzzle in the traditional jigsaw sense, but give the appearance of simplicity with its familiar mechanism.  Jigsaw pieces are rectangular with only ins and outs as half circles, with no need to match contour patterns. 

Components (or beans as they adhere to the java bean model), including services and transformers, either output data or accept matching data connections or both.  These beans are automatically rendered according to these properties.  Beans that have only output connections are rendered with only the right outcropping of a jigsaw piece.  These can be thought of as the starting piece in a jigsaw chain.  In the same manner, beans which only accept inputs are rendered with only the incropping of the jigsaw piece and can be regarded as endpoints in a chain.  Beans with both input and output properties are rendered with both, and usually represent digital-to-digital transformers.  Beans may include an iconic view as well, in the form of an image property.  This is used to render the body of the jigsaw piece to more easily identify its purpose.  

This particular editor is divided into three panels: the top, main, and bottom panel.  The top panel presents all individual beans currently in the system rendered as jigsaw pieces, and updates upon additions or removals.  These pieces can be dragged unto the main panel that is the editing canvas itself.  When this drag is made a clone of the original piece is introduced into the editing canvas, so as to be able to create multiple services with the same bean.  We are careful to explain that the top panel jigsaw pieces are templates for a single instance of a bean and that the same pieces appearing in the editor represent the same view of that instance.  

The main panel represents the work area in which all connections are made and feedback is had.  Here pieces can be joined together by dragging them around (either individually or several at a time) to the vicinity of another with a valid connection.  A valid connection corresponds to at least one output property in one bean with the same class or subclass of the input property in the other.

When a jigsaw piece is first interacted upon all the non-connectable pieces are shadowed and become inaccessible, reverting to normal as the original piece is released.  When it is dragged near the desired connection, assuming it's a valid one, the piece snaps and interlocks automatically with the other and this current chain is highlighted to convey it now being an entity.  At this point if only one-to-one connections were possible (keeping in mind that beans may have multiple output and input properties) then these properties are linked in the propagation mechanism of the underlying platform with no further need of interaction.  If connections are ambiguous (several matchings are possible) then the user is prompted via a modal window to select the desired property matching.  This nonetheless disrupts briefly the metaphor.  Even as we did push for bean designs that only include at most one output or input property, we did not want to impose such a restriction as to allow for any ready available service adhering to the bean model from other sources to seamlessly work with our system. 
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Figure 2 Jigsaw editor

Several subtleties help enhance the interaction with and comprehension of the editing mechanism in the main panel.  As jigsaw pieces are dragged, a sound effect of the dragging is heard.  When pieces attach or detach from each other (only possible with valid connections) a sound effect is also heard, as well as the piece being highlighted if it belongs to a chain.   As properties are updated in the underlying system, the corresponding jigsaw piece is briefly highlighted and, if desired, a low tone sound is heard.  In this matter, individual jigsaw pieces making up chains are highlighted both graphically and sonically in sequence as the data flows from one property to the next in the chain.  This helps users in assessing that this self-made service works as expected.  Through cooperation with the SoB sister project, the possibility to use audio synthesis through physical modelling was incorporated into the jigsaw editor.  This replaced the audio manager for the later stages of development.

A self-cleaning mechanism, or daemon, exists which after a certain period of idleness of a particular jigsaw piece not part of a chain removes it from the work area.  A trashcan icon is also available to explicitly remove single pieces or chains.

The bottom panel is the repository for all property links in the system.  In this case, jigsaw chains are rendered corresponding to these links.  These rendered chains may represent connections made by any editor or by other instances of the jigsaw editor.   Connections created in the main editing panel can be dragged and dropped to the bottom panel, uncluttering the editing space and keeping the collection of configurations in a manageable area.  These connections, or jigsaw chains, can be once again dragged into the main panel to be edited.  Thus remotely made connections can be terminated or new pieces can be attached.

Physical Editors 

In addition to the two graphical editors we have developed two examples of physical editors that provide users with tangible techniques for creating new home services. These are the linker device and the paper jigsaw editor. They are described in this section. 

The Linker Device

The linker device uses physical manipulation within the home environment as a means of exploring the properties a device makes available to the dataspace and as a means of linking properties on one device with properties on another. The basic device consists of an iPAQ that talks directly to the shared dataspace and a barcode reader that can read barcodes placed on interactive devices (figure 3). When the user scans a barcode the linker editor displays the properties that this device has made available to the data store. The user can then scan a second physical device bringing up the properties whose type match the selected property. The user can then select the destination property making the link 

This design has the advantage that it relies on in context physical manipulation within the home space and as such it is provides users with a much more specific understanding of the components involved in a new home service. However, the current design suffers to the same extent from the same problems of presenting users with property data as the jigsaw editor.
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Figure 3 The linker device

The Paper Jigsaw Editor 

The idea of the Paper Jigsaw Editor is to use real 8x8 cm jigsaw pieces as a physical version of the previously explained graphical Jigsaw Editor. The jigsaw pieces have the same graphics (as their graphical counterparts) printed on top and can, in the current version, be combined three at a time on a shelf or other specially designed place in the home. This shelf or place contains the reader unit for the jigsaw pieces. The technology uses a very short reading distance; for this application it is almost in contact. However, it does not need electrical contact.

Each jigsaw piece has a unique identity in the form of a printed code underneath. The code doesn’t have to be visual for the eye. The code can be printed either on the printer used for the PC at home or in a print shop, and then even with invisible ink. The printing cost is under 0.1€ per piece.

In the near future a jigsaw piece with a changeable code is going to be created. Just touching a certain area on top of it will modify the code. This can for example contradict the action to be taken when using the jigsaw piece.
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Figure 4. The picture shows a prototype to the jigsaw editor and the shelf containing the reader for the jigsaw pieces where you can e.g. get a shopping list for groceries as an SMS to your mobile phone by the use of three jigsaw pieces.

This reader technology has been coming from other of Acreo’s research projects, where it will also be explored further.

User Profile and Access Editors

User profiles and user access rights to the different items are both distributed as objects across the dataspace.  They identify general and individual rights to a particular item or a set of these.  The toolbox package includes visual components for creating and managing user profiles in the system, as well as managing the access rights to the dataspace objects.  

At the moment, user profiles are graphically handled as identity cards, either for editing or just for viewing purposes.  They are accessible through the visual editors.  User profiles include fields such as a name signature, description, picture, and global access rights.
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Figure 5. Prototype of profile editor panel

When editing the dataspace, either by introducing new elements or interconnecting existing components, it is assumed that an identifiable user is “logged in”.  The scheme for determining the current user is to choose from a list of registered users or create a new one provided one has enough security rights for it.  The means for intelligent user identification and verification (the system recognizing the individual) has not been implemented at this stage.  When created, user profiles become objects that reside in the dataspace, see deliverable D2.4.  There are persistency mechanisms that ensure that user profiles and access rights objects are always present in the dataspace.

Beans themselves have corresponding access objects for individual rights settings, and editing panels of such.  The creator of a bean or the user that first introduces the bean to the dataspace is viewed as the bean owner.  Basically, the owner assigns a general access configuration for all potential users of the bean in the home.  From then on, the owner or other users with sufficient rights, has the option to restrict or open access to individuals provided their user profiles exist in the dataspace.  These restrictions can manifest themselves in a wide variety of subtle ways, but we have implemented a set of simple schemes.  For example, a user with limited access rights editing the space with the jigsaw editor would be able to see but not interact with a restricted bean.  On the other hand, entirely concealing restricted items might prove inconvenient when trying to adopt an overview of the current state of the system.

 AUTONUMLGL Summary of Studies of Technology in the Home

Studies of existing technology use in the home have been a central part of the ACCORD project. The broad approach adopted towards the study of technology in the home has been ethnographic in character. Focusing on a broad range of existing technologies ranging from the humble pen and paper to more sophisticated computing systems, our studies have consisted of the re-examination of a corpus of video material of technology use in family households and more focused field studies. The purpose of these studies has been to develop an understanding of the social character of technology use from a ‘naturalistic’ perspective. That is, from the point of view of real world, real time use in the target domain. The approach is predicated on observation of what household members do with technology and how they organize technology use to accomplish their activities. Our observations have been gathered through a number of techniques including:

· Remote video recording where video cameras have been placed in various locations in a number of households to observe the activities and technology uses that routinely occur in those places over time.

· Direct observations of technology uses by household members.

· Self-administered video recording where household members have recorded incoming and outgoing communication activities.

· Textual logs where household members have kept records of their communications, the locations at which they occur, the technologies used, and their responses.

· Informal interviews with household members reflecting on the video recordings and logs.

These techniques are not exclusive but shade into one another, providing a rich corpus of naturalistic data yielding the following results.

· Patterns of Technology Use in the Home. Re-examination of a corpus of video materials identified common patterns of technology use occurring in particular locations in the home. Findings were articulated through the development of a socio-technical pattern language and were used to develop scenarios informing the initial development of the toolkit. The work was reported in the Proceedings of the 2002 ACM Symposium on Designing Interactive Systems and through invited participation at workshops at the 2002 CHI Conference on Human Factors in Computing Systems and the 2002 ACM Conference on Computer Supported Cooperative Work.

· Technology as an Accountable Object. Direct observations of technology use in the home drew our attention to a range of Personal Information Management technologies in the home. Studies of the use of such objects as noticeboards, address books, diaries and calendars highlighted the ‘accountable’ character of technology use in the home – i.e., the ways in which Personal Information Management technologies are collaboratively employed by household members to organize and re-organize their activities. The work highlights new possibilities for design in the home and raises new methodological challenges involved in studying technology use in the home. It will be reported in the Proceedings of the 8th European Conference on Computer Supported Cooperative Work.

· Ecologically Distributed Networks. Direct observation of technology use in the home led, in turn, to more prolonged inspection of the socially organized uses of technology in the home. Self-administered video recording and logs drew our attention to the relationships between various media used in communication. These studies showed that rather than being discrete and isolated, communication media are employed in concert and form unique ecologically distributed networks around the home supporting the unique needs of particular households. The work was reported in the Proceedings of the 2003 Home Oriented Informatics and Telematics Conference and through invited participation at the 2002 ACM Conference on Computer Supported Cooperative Work.

· Ecological Habitats, Activity Centres and Coordinate Displays. Our latest research again builds on prior work to unpack the importance of the ecology of the home to technology use. Our prior studies have shown how technology use is woven into the physical and architectural fabric of the home and we wish to understand the nature of this phenomenon. Our work here has identified three main components of the phenomenon – ecological habitats (places where technology lives or resides), activity centres (places where technology is used), and coordinate displays (places where members construct information displays to coordinate their activities). These components have provided for the development of a socially informed analytic framework supporting the situating of new and emerging technologies in real homes, in contrast to research labs. The work is to be reported in the Proceedings of the 2003 EM&CA Conference, has been accepted for publication in the Journal of CSCW, and also in an invited book chapter, and is currently under review for publication in the 2003 UbiComp conference.

Our later studies move us beyond the immediate concerns of the toolkit to develop a deeper understanding of the design domain. In further elaborating that domain, the studies not only broaden the scope and inform the continued development of the toolkit but also expand broader ubiquitous computing and ambient intelligence research agendas.

The home studies support the realisation of the project's objectives by elaborating recurrent ways in which inhabitants configure technology in the home environment and understand those configurations in their routine interactions. These patterns of technology use have informed the initial development of the toolkit, providing scenarios, which have been built upon and elaborated through mockup and prototype sessions with potential users. Both our early and later studies have been drawn by other DC projects, notably the InterLiving project, and a number of DC support activities including,

· DD04: "The interrelationships between ethnographic studies and the design and development of hybrid systems"

· DD05: "The video analysis working group"

· DD07: "Disappearing computing in the domestic environment"

Our later studies - which explicitly focus on the embedded and connected character of technology in the physical fabric of the home - are also of broader relevance to the development of ubiquitous computing and ambient intelligence in the domestic environment.

 AUTONUMLGL  Comparison to original project objectives

Each partner had individual objectives for participating in the project. After the second review partners was asked to write their success criterion for ACCORD. In this section we examine how each of these have been fulfilled or not.

 AUTONUMLGL  Acreo

The success criteria for ACCORD from Acreo’s point of view would be to have tested the ideas for novel paper electronics in a “real” environment and understand how the Acreo technology would or must be adjusted to suit in an infrastructure for ubiquitous computing. For example how to connect low-end paper electronics to computer systems – what new interfaces for electronics can be created? We would also like to find the real values with having low cost electronics realised in environmentally friendly materials in a home environment

As the paper technology has been mainly driven from the technological point of view one can always say that Acreo has been successful, but this has no real meaning. If comparing Acreo’s success criteria for the project to the actual output one could be better off. If one looks back the main lesson learned from Acreo’s point of view is related to testing and verifying the real values with having low cost (or junk) electronics in a home environment. The expression “cheap electronics are always asked for” is of no relevance if one does not in the same context define the performance such as system should have. We can deliver cheap solutions, but often the performance reached does not match the needed or desire performance.

 AUTONUMLGL  SICS

The success criteria for ACCORD from SICS’s point of view would be to have a generalized infrastructure for ubiquitous computers that easily can be reconfigured and used to create interesting and complex applications. Also to have a set of devices that can be combined and embedded into different everyday artefacts is important. Important is also to make the platform useful across the DC community. SICS also had great expectations in the use of paper technology. 

In perspective ACCORD has been very successful in SICS’s view. The resulting infrastructure has proven very flexible, though maybe a bit heavy weight from a developer’s perspective. Further more a large number of different interactive devices and services as been developed and results from other projects have been easily adapted to the ACCORD platform. The project has not yet been very successful with sharing the platform to other projects; so far no external project is using or have used the platform. Also early on in the project an important lesson was learnt regarding paper technology. Used to very short design cycles in software development, the same was expected in developing paper-based devices. Though this turned out to be a false assumption. Working with chemicals, solving conductivity problems etc. takes much longer time and the analysis and re-design has to be much more thorough.

 AUTONUMLGL  Nottingham

The main success criteria from a Nottingham perspective would be the development, deployment and assessment of the infrastructure and applications that use the developed infrastructure. The developed applications should reflect the studies reported at the start of the project and demonstrate some sense of evolution or change. This work should also seek to make the platform useful across the DC community.

The Accord project has been a key activity for Nottingham and has allowed them to develop both significant methodological and technical advances. The work has been used to inform a series of other researchers and has been presented at a series of other projects. We are actively involved in seeking to transfer the editors and technologies to other projects including the Equator project and the iRoom project. While we have some initial evaluations of the utility of the approach within some setting we have still to undertake the development of a more systematic assessment of the family of editors that have emerged. 

 AUTONUMLGL  Relations and synergies with other relevant projects 

Collaboration and exchange with other projects have been established through several different means. Through the DC coordinated activities like disappearing days, ateliers and troubadours we have had close collaboration with several of the other DC projects. Through national funded research projects results have been shared as well. Through active participation at international scientific conferences we have continued an ongoing dialogue with the research community and colleagues sharing the same objectives as the ACCORD project. 

More specifically these synergies include:

Incorporation of technology - From Smart-its and SoB we have acquired different technology that we have successfully integrated into the ACCORD Tangible Toolbox. SoB technology gave one of the editors an added sound feature. The Smart-Its devices has worked as parts of the usage scenarios that we have demonstrated with the Tangible Toolbox.

Joint activities and publications – People from ACCORD have participated in several disappearing days and ateliers as well as organised ones. One atelier organized by ACCORD about the use of ubiquitous computing for entertainment resulted in an article in the special issue of the Personal and Ubiquitous Computing journal on the use of ubiquitous computing for entertainment [10]. 

Local synergies at each partner - At Acreo the PAELLA (PAper ELectronics Low-cost Applications) project there has been much know-how and experience gained from ACCORD, both in regard to technical and end-user know-how. This resulted in an increased awareness of the need of being very specific about advantages and the disadvantages or shortcomings of the technology. At Nottingham University the results from ACCORD have fed into the Equator project and vice versa. Equator is a six-year Interdisciplinary Research Collaboration (IRC) supported by the Engineering and Physical Sciences Research Council (EPSRC) that focuses on the integration of physical and digital interaction. In Sweden the Daphne project share the objective of Equator to explore the border between the physical and the Digital. The partners of Daphne are SICS and the InterLiving coordinator CID at KTH. Through this collaboration many of the experiences from both InterLiving and ACCORD will be taken further through the activities in Daphne.

Project collaboration – With both the Paper++ and the InterLiving project we have had close collaboration. People from Accord have participated in InterLivning workshops and we have also borrowed them different examples of prototypes we have developed as exemplar instances of the Tangible Toolbox. Furthermore the InterLiving families, the families that they have collaborated with through out the InterLiving project have participated in workshops we have organized around the use of the Tangible Toolbox. With Paper++ we have had a fruitful exchange of knowledge regarding paper technology mainly through several joint workshops. This collaboration has resulted in a new project as described below. 

Project proposals – Several projects proposals have been inspired by the work in ACCORD. These have both been addressed at national and EU funding organisations. Another aspect of this within the DC-community is our positive synergies with the Paper++ project. After a successful initial meeting at the White Nights event in summer 2001, with a following Disappearing Day in Nottingham in November 2001 a proposal was sent to the Commission. This has now started up as a separate project, Superinks, where the use of Acreo technology and Paper++ needs are being put together nicely.

 AUTONUMLGL  Societal benefits

The project have had a strong European view of the domestic environment in that we have studied ongoing activities and emphasized on supporting the inhabitants. In contrast to the more American view of the household, that it is the place to feel safe we have emphasized on making the household a part of daily life in its widest scope. By supporting and making it easier for the inhabitants of future homes to adapt and configure computational services we wish to increase their quality of life. 

Regarding an industrial impact of the project this is much harder to directly foresee. Of course if the results would be established as a common platform distributed to most homes this would make up a large market where the current industrial players or new ones could take large shares. A part of the paper technology developed within the project has already made it to the market by the foundation of one spin-off company, AddMarkable, and several companies using the technology. 

The results from the ethnographical studies are a rich source of information regarding ongoing activities in European homes. This information has been made available and the European Industry can use it to take shares of the market of domestic computational artefacts. This is an area where Europe has a strong history, several leading producers of domestic appliances are European e.g. Philips, Grundig and Electrolux.
 AUTONUMLGL  AddMarkable

The company AddMarkable started its operation in January 2002 and sells systems for creating attention in point of purchase material. The focus today is towards the information/advertisement signs within shops. In the future packages, toys and games are foreseen as areas for the AddMarkable technology. The foundation of the company is partly patented technologies from the global forest product company SCA. By combining established technology with new ideas, AddMarkable create products that revolutionize in store marketing.

AddMarkable is focused on creating attention within the advertisement sector and diary area. They work with printable touch sensitive push buttons together with an audio system or a printable display technology. Anybody working in marketing knows that point of purchase material with interactivity, motion- or audio-feedback attracts far more attention than ordinary static displays. However, it is also well known how much such solutions cost. AddMarkable has a technology to create interactive and responsive areas on printed surfaces with printing process technology – meaning that cheaper solutions are possible! Imagine if you could print multiple messages in one poster. Imagine if you could have people interact with your printed surfaces, being posters, packages or – well just imagine. This is what AddMarkable offers to designers and art directors and its customers. AddMarkable says - Do the unexpected. Create attention.

Contact information AddMarkable:

Anders Edström 
AddMarkable Technologies AB 
Teknikringen 1F 
S-585 30 Linköping, Sweden 
+46 (0)13 212910 Office 
+46 (0)703 - 32 42 94 mobile

www.addmarkable.se

anders.edstrom@addmarkable.se

 AUTONUM  Deliverables and References

This chapter describes all major project deliverables briefly and also includes a comprehensive table of deliverables. Other references like articles, conference presentations etc. are also being listed.
 AUTONUMLGL  Major Project Deliverables

The major deliverables of the project deals both with the studies in the home and the technology developed. The studies of homes resulted in the Patterns of home life, an evolving website as a resource for the designers of computer-based technologies for the domestic environment. It provides an evolving corpus of empirical patterns of technology usage in the home, which may be used to think about and to ground design in the practical day-to-day circumstances that make up domestic life. Links to other patterns are located in two places in the patterns: at the beginning, where they connect to other patterns occurring in the same domestic routine, and at the end of the pattern, where they connect to other patterns using the same technologies. The title of each pattern is linked to the video sequence from which the pattern is derived. This allows designers to inspect real world events in the home for themselves and extract their own findings. The Patterns of Home Life are available at http://www.mrl.nott.ac.uk/~axc/patterns_of_home_life/patterns_homepage.htm

The concepts and underlying theories for the ACCORD Tangible Toolbox are explained in Deliverable D3.2 Understanding and Using the Tangible Toolbox deliverable. Deliverable D2.6 is the ACCORD Tangible Toolbox, the actual software and the components that make up the toolbox. The Design Handbook, Deliverable D3.4, describes the use of the toolbox in regard to the platform, the service components, and the editors. It is divided into three sections, Quick Start, User Guide and Developers Guide. The Quick Start Guide helps a user in a few steps to start the Tangible Toolbox and a couple of transformers that can be combined in one of the editors. The User Guide explains more in depth the different parts of the Toolbox and how to use them. An appendix includes documentation of all transformers implemented. Finally there is the Developers Guide is explaining the inner works of the Toolbox and how a developer may extend the toolbox, create new transformers and editors. The Tangible Toolbox and the Design Handbook is available at the ACCORD website, http://www.sics.se/accord/

Deliverable D3.3, Study of the use of the Tangible Toolbox, reports on the studies of users with the Tangible Toolbox. The study was divided into two phases, during the first only mock-ups of the jigsaw editor was brought to users to discuss and reason about the concepts of the toolbox and the editor. This revealed the concepts to be readily understood by the users and we observed several occasions where users suggested new jigsaw pieces. In the second phase we brought a working version of the toolbox as well as some of the jigsaw pieces suggested during the first phase. During this phase we continued the discussion with the users and let them experiment with the toolbox. Once more it was proven that the users readily understood the concepts and were able to combine pieces into new configurations.
 AUTONUMLGL  Project Deliverables

The following table indicates all deliverables produced within the project.

	Del. No.
	Title
	Type1

	D1.1
	The Historical Shaping of the Home
	R

	D1.2
	Shaping the Home: Architecture, Technology and Social Interaction
	R

	D1.3
	Usage and Development Scenarios for the Tangible Toolbox
	R

	D2.1
	Initial Toolbox Specification
	R

	D2.4
	Final report on toolbox conceptualisation
	R

	D2.5
	Internal release of the Tangible Toolkit
	O/P

	D2.6
	External Release of the Tangible Toolbox
	O/S

	D3.2
	Understanding and Using the Tangible Toolkit
	R

	D3.3
	Study of the use of the Tangible Toolbox
	R

	D3.4
	Tangible Toolbox Design Handbook
	O/W

	D4.1
	Dissemination and Use plan
	R

	D5.1
	Project Presentation
	R


1 R: Report;  D: Demonstrator;  S: Software;  W: Workshop; O: Other – Specify in footnote; P: 

Prototype, S: Software, W:Website
 AUTONUMLGL  Media appearances

The project have been mentioned or written about in the following articles:

· NyTeknik(Sweden's largest technical news magazine), October 4, 2002, “Svenska forskare gör datorer som försvinner”(Swedish researchers makes computers that disappears)
· NyTeknik(Sweden's largest technical news magazine), October 9, 2002, “Datorn i kaffekoppen”(The computer in the coffeecup)
· ComputerSweden(The leading Swedish IT newspaper), October 12, 2002, “Datorer utan datorer”(Computers without computers)

 AUTONUMLGL  References

The following is a list of academic production from the project, like articles, conference presentations etc.
1. Crabtree, A., Rodden, T., Hemmings, T. and Benford, S. “Finding a place for ubicomp in the home”, Proceedings of the 5th Annual Conference on Ubiquitous Computing, Seattle, October 12th-15th, 2003, pp. 208-226, Springer

2. Humble, J., Crabtree, A., Hemmings, T., Akesson, K-P., Koleva, B., Rodden, T., “Playing with the Bits: User-composition of Ubiquitous Domestic Environments”, Proceedings of the 5th Annual Conference on Ubiquitous Computing, Seattle, October 12th-15th, 2003, pp. 256-263, Springer 
3. Crabtree, A. and Rodden, T. (to appear) “Organizations of coordination in the home”, Computer Supported Cooperative Work: The Journal of Collaborative Computing, Kluwer Academic Publishers.
4. Crabtree, A., “The social organization of communication in the home”, Proceedings of the 2003 Conference of the International Institute of Ethnomethodology and Conversation Analysis, Manchester, July 2nd-4th: IIEMCA.
5. Crabtree, A., Hemmings, T. and Rodden, T., “Coordinate displays in the home”, Public and Situated Displays: Social and Interactional Aspects of Shared Display Technologies (eds. O’Hara, K., Perry, M., Churchill, E. and Russell, D.), Kluwer Academic Publishers.
6. Crabtree, A., Hemmings, T. and Mariani, J. (2003) “Informing the design of calendar systems for domestic use”, Proceedings of the 8th European Conference on Computer Supported Cooperative Work, 14th-18th September, Helsinki, Finland: Kluwer Academic Publishers.
7. Crabtree, A., Rodden, T. and Hemmings, T. (2002) “Supporting communication in domestic settings”, Proceedings of the 2003 Home Oriented Informatics and Telematics Conference, Irvine, California: International Federation for Information Processing.
8. Crabtree, A., Hemmings, T. and Rodden, T. (2002) “Coordinate displays in the home”, CSCW Workshop on Public, Community and Situated Displays, Proceedings of the 2002 ACM Conference on Computer Supported Cooperative Work, New Orleans: ACM Press.

9. Crabtree, A. and Rodden, T. (2002) “Patterns: problems and solutions?” (+ example pattern http://www.mrl.nott.ac.uk/~axc/documents/CSCW_Pattern_No.25.pdf), CSCW Workshop on Socio-Technical Pattern Languages, Proceedings of the 2002 ACM Conference on Computer Supported Cooperative Work, New Orleans: ACM Press. 


10. Åkesson, K-P., Bullock, A., Greenhalgh, C., Koleva, B. and Rodden, T. "A Toolkit for User Re-Configuration of Ubiquitous Domestic Environments" in Companion to Proceedings of the 15th Annual ACM Symposium on User Interface Software and Technology, Paris, ACM Press 


11. Crabtree, A., Hemmings, T. and Rodden, T. (2002) "Pattern-based support for interdisciplinary analysis of the interactive systems design space", paper under review for publication in the International Journal on Universal Access in the Information Society (Special Issue on Patterns for Universal Access and Usability), London: Springer. 


12. Crabtree, A., Hemmings, T. and Rodden, T. (2002) "Pattern-based support for interactive design in domestic settings", Proceedings of the 2002 Symposium on Designing Interactive Systems, London: ACM Press. 


13. Crabtree, A. and Rodden, T. (2002) "Technology and the home: supporting cooperative analysis of the design space", position paper presented at the CHI Workshop on Technologies for Families, Proceedings of the 2002 Conference on Human Factors in Computing Systems, Minneapolis: ACM Press. 


14. Björk, S., Holopainen, J., Ljungstrand, P., Åkesson, K-P., "Designing Ubiquitous Computing Games – A Report from a Workshop Exploring Ubiquitous Computing Entertainment", In Personal and Ubiquitous Computing, Volume 6 No 5-6, Pages 443-458, Springer-Verlag, 2002
15. Crabtree, A., Hemmings, T. and Rodden, T. (2001) "Domestic legacy and design", Proceedings of the 1st Equator Workshop on Ubiquitous Computing in Domestic Environments, pp. 147-164, The School of Computer Science and Information Technology, The University of Nottingham. ISBN 0-85358-100-2.

 AUTONUM  Future Outlook

This chapter describe what the partners intend to do with the outcome of the project, how the results are being taken further and what possible new projects or collaborations are foreseen. This is described both on a more holistic project view as well as per partner.
The most interesting finding of the project is the outcome of the final study of the Tangible Toolbox. Users easily grasped the concepts of the toolbox and could readily construct their own configurations. This opens up a new research area that both Nottingham University and SICS are very keen to study further. What components make sense?

Are there other conceptual models that works better or worse? The concept of ordering components in a linear structure is easy to describe and as the study indicate readily understandable but it is not possible to describe very complex behaviors, is this bad or good?

Furthermore the possibilities of being able to print electronics on paper is fascinating and specifically if ordinary ink printers could achieve this. Still for many years this will just be a vision but the progress in the area are rapid and to explore possibilities of the current findings is attractive.

These interests have taken a more concrete form during the last part of the project and have resulted in several project proposals. Most notably is the SEPIA proposal for the second Disappearing-Computer FET call where partners from ACCORD, Smart-Its, Inter-Living and Shape worked as the core of the proposal. The collaboration between PAPER++ and ACOORD (resulting in the SuperInks project) has also resulted in a STREP application for the second Disappearing-Computer FET call, ActivePaper, building on the experiences from ACCORD, PAPER++ and SuperInks. Also some national proposals are intended to take the ACCORD results further. Most unfortunately none of these proposals have been successful which might jeopardise further research and continuation of the work started by the ACCORD project. We are actively looking for opportunities to fund a project based on the findings within ACCORD but at the moment the likelihood to start a new project is very low.

Interaction with physical space is something that are of large interest both to Nottingham and SICS and will continue to be explored in ongoing projects. At Nottingham University the results from ACCORD have fed into the Equator project and vice versa. Equator is a six-year Interdisciplinary Research Collaboration (IRC) supported by the Engineering and Physical Sciences Research Council (EPSRC) that focuses on the integration of physical and digital interaction. In Sweden the Daphne project share the objective of Equator to explore the border between the physical and the Digital. The partners of Daphne are SICS and the InterLiving coordinator CID at KTH. Through this collaboration many of the experiences from both InterLiving and ACCORD 
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