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Welcome to the print issue of our webzine!

Achilles Kameas, Irene Mavrommati

Convivio Webzine aims to serve the Convivio community: those 

researchers, developers and practitioners from many, often diverse, 

disciplines, who feel that the design of interactive applications is a 

human-centred (as opposed to technology-driven) creative (as 

opposed to merely efficient) activity.  

Our ambition is to host your ideas, concerns, proposals, experiences 

and specific views. The objective is to communicate and share ideas, 

learn from the experiences of others, document approaches and 

methods currently used, illuminate practices through personal 

experiences and provide useful resources for teaching.  

A number of webzine articles are concerned with Ambient Intelligence 

and Digital territories. Ambient Intelligence promises to take us into a 

marvellous world, where computers will disappear and the 

surrounding environment will become so intelligent, that we need 

only declare our needs. Is it going to be so?  

Part of the webzine articles address "teaching design" in the context 

of the human-computer interaction (HCI) or interaction design (ID) 

fields. We hope that these articles can serve as resource of design 

exercises that HCI teachers can tap into. And of course there are also 

miscellaneous but very interesting articles, highlighting the research 

interests of the Convivio community, our concerns and our views.  

Marcus Kirsch in his Viewpoint argues that “ExtelligenceDesign”, that 

is, media available and publishable by everyone, will empower a 

social network structure that can easily skip the beat of the 

conservative hierarchy drum. The tools and frameworks that enable 

people to create this content are the future of our social, cultural and 

political connectedness and the base for opinion and decision making 

in the digitized countries.  

Irene Mavrommati’s Viewpoint argues that AmI systems need to 

undergo a thorough evaluation process so as to ensure that they are 

usable and useful for all people. We couldn't agree more, even if this 

means that we have to slow down the pace of technology 

deployment.  

And Kostas Grivas, at his viewpoint article, reminds us of the 

manifestation of beauty that can be pursued within the increasingly 

interactive environments.  

In the Articles section, George Roussos and Giles Lane present their 

Robotic Feral Public Authoring project, which links together hobbyist 

robotics and public authoring in order to assist in the exploration of 

local environments using electronic sensors to detect all kinds of 

phenomena and map them using online tools. Being part of it is 

actually more exciting than reading about it!  

Mayuree Srikulwong uses the concept of personalisation in order to 

understand the principles underlying the design of interactive systems 

that provide individual user experience through multimodal 

interactions. Daskala and Maghiros discuss Digital Territories, a new 

framework that has been developed which would enable users to 

manage proximity and distance with others in the forthcoming 

ambient intelligence space, both in a legal and a social sense, as they 

already do in the physical world. Why, you may be already living in a 

Digital Territory!  

Andy Warr describes a context aware tour bus system he designed. If 

you ever visit Bath, take a bus tour: Andy promises you a new 

sightseeing experience, so read on! 

Irene Mavrommati and John Darzentas discuss the concerns that 

designers of user-centred pervasive applications will face. Computers 

may disappear, but human computer interaction concerns will always 



may disappear, but human computer interaction concerns will always 

be there... 

Then we have two companion articles by Wendy Mackay on how to 

educate multi-disciplinary design teams. In the first part, Wendy 

presents the disciplines that compose interaction design and 

discusses the contribution of each. At the second part, she describes 

some design techniques that can be used to support the interaction 

design process. 

A number of articles published by authors involved in design / HCI 

education, in several educational establishments worldwide, aim to 

serve as resource of design exercises that HCI teachers can tap into. 

Convivio (Faculty Forum) and the interest groups of ACM SIGCHI, 

International Institute for Information Design (IIID), IFIP WG13.1, 

Cumulus, UXnet, and HCIed, have brought together their 

experiences, which are documented in some of the articles recorded 

here, with the aim to communicate them to the worldwide community 

of the HCI design education.  

Konrad Baumann, Paula Kotze, Lars Oestreicher, Liam Bannon and 

Sus Lundgren have mobilized HCI teachers worldwide - in the course 

of a special workshop that took place on 15-16 of December, and 

hosted by the Dept. of Information Design, FH Joanneum, Graz, 
Austria. 

By presenting this selection of articles we hope to communicate useful 

ideas on teaching design, share experiences and learn from the 

experiences of others, document the approaches and teaching 

methods and practices currently used in various establishments, and 

provide the educational community with examples of design activities 

and resources for teaching HCI design. 

Further more we feature an article from Charalampos Rizopoulos and 

Dimitris Charitos, giving us insight in the spatial interfaces of 

intelligent spaces, and the communication that happens within these 

spaces. 

Plants (and hence biosensors) are presented as a natural and 

beautiful interface to services, by Christos Goumopoulos. Plants that 

are appropriately integrated in a ubiquitous computing environment, 

can provide additional sensing functionality and synergise with 

artefacts to provide services, ether for domestic/leisure use (alarms, 

greetings, etc), or in precision agriculture (to deliver treatments such 

as irrigation, fertiliser, etc). 

Sustainability, from the perspectives of people, planet and profit, is 

discussed the article of Lorna Goulden, Irene Mavrommati and Alan 

Munro. Ideas are discussed on how Ubiquitous Computing 

technologies can play a role in addressing individual and societal 

needs, in affecting environmental capitals, and in inspiring, promoting 

or supporting new forms of value exchange. 

Finally we would like to thank Mimo Caenepeel and George Birbilis, for 

their input and work on producing the webzine. 

Enjoy reading!  

January 2007  



 

  

  

  

"ExtelligenceDesign or 

my 15MB of fame"

The need to evaluate 

AmI systems

A Beautiful New World

      Marcus Kirsch 

      Irene Mavrommati 

      Konstantinos Grivas 

"ExtelligenceDesign or my 15MB of 
fame" 

There are many aspects to this new phenomenon of fast 

publishing and the tools/media platforms as well as the 

patterns it involves and creates. Are we all becoming artists 

and famous for 15MB? youtube.com, SPORE, google earth 

and others have come a long way from media like fanzines 

and MUDs. Is there more or less design/art involved? What 

are the social cultural political implications of such designed 

communities? Are there new opportunities for locative and 

political awareness that can be designed into such tools?  

Read more... 

The need to evaluate AmI systems 

AmI vision tents to present people as passive consumers 

accepting happily an increasing dependability on AmI 

systems. AmI sees people increasingly and comfortably 

relying on AmI for a number of activities (for reminders, 

surveillance, health monitoring, entertainment, home 

automation etc). Yet, it remains unclear how AmI systems 

are maintained. This vision does not seem realistic because 

AmI systems can not be absolutely problem free.  

SWAMI report mentions that it it is assumed that AmI 

technology is accepted by everybody and is available to 

everybody, and it is never considered, described or 

investigated what happens to people who are either not 

willing or not able to use AmI technology [10].  

Read more... 

A Beautiful New World 

Interactivity becomes a contemporary plague.  

Everything has to be interactive. Those which are not, 

immediately fall into the category of "old-fashioned, boring 

stuff", condemned to indifference and neglect. We may find 

this position extravagant, yet the media and the world 

market create a projection of our world where interactivity 

or "smartness" stands above all as the ultimate quality: a 

beautiful cup is beautiful, no doubt, yet an interactive cup is 

more desirable than a "simply" beautiful cup.  

Is there a dilemma we are facing? Do we, really, have to 

choose between an interactive world of 'live' and intelligent 

devices that connect us to a multitude of other places and 

fellow-humans, and a boring one where people and things 

are confined to silence and the pleasures of "here and 

now"? To my view, such a dilemma does not exist.  

Read more... 
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Personalisation and Multimodality 

“Our interactive systems have to be accessible, usable and 

engaging”  

 

D. Benyon  

The aim of this article is to introduce the concept of 

personalisation and why we need to extend it to support future 

interactions. Multimodality is used as a bridging concept between 

naturalistic behavior and engagement. Ultimately the research 

goal is to understand the principles underlying the design of 

interactive systems that provide individual user experience 

through multimodal interactions.  

Read more... 

Social Tapestries: Robotic Feral Public 
Authoring 

What environmental factors such as air quality, noise and light 

pollution affect our neighbourhoods? How can we measure 

pollution in our own localities and make this data visible? How 

can we make sense of this in the context of what we already 

know about the places we live, work and play in? Robotic Feral 

Public Authoring links together two branches of research for 

community fun and action. Hobbyist robotics and public 

authoring both enable people to use emerging technologies in 

dynamic and exciting new ways. Brought together they open up 

whole vistas of possibilities for exploring our local environments 

with electronic sensors to detect all kinds of phenomena and 

map them using online tools.  

Read more... 

Digital Territories today - An example 

The extreme sophistication of ICT and emerging technologies is 

expected to create what is called an ‘Ambient Intelligence (AmI)’ 

environment. The AmI space consists of a set of technologies, 

infrastructures, applications and services operating seamlessly 

across AmI environments (e.g. neighbourhood, home, and car). 

Such an environment would contribute towards economic 

growth, foster business and knowledge opportunities as well as 

efficient services, and most importantly increase the 

employment opportunities for people. AmI is also expected to 

enhance the use and the protection of our digital identities, with 

the development of appropriate technologies.  

Read more... 

Technology for me... Technology for us! 
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Pervasive Computing in 

Agriculture

      Andrew Warr 

      Mavrommati Irene, John Darzentas 

      Wendy E. Mackay 

We are no longer designing technologies for individuals sitting 

behind desktops. The emergence of ambient, ubiquitous and 

pervasive technologies has enabled the vision of anyone, 

anywhere, anytime computing. However, such a vision does not 

come without many challenges. One such challenge that I shall 

address in this article is designing for our social ecology.  

I shall set the scene for this article by giving a real life example. 

Recently, my girlfriend and I visited the Oxford Story - a ride 

that takes you through the history of Oxford University life. Two 

people sit in a carriage, which takes you around a building made 

up of various rooms, each a different time period in Oxford 

history. As you enter each room, audio commentary is played 

through a set of headphones the users' wear. In the early stages 

of the ride I heard some muffled words spoken by my girlfriend. 

I removed my headphones and ask her to repeat what she said. 

She removed her headphones and commented on something 

said in the commentary, which related to a feature in the room 

we had passed. During the time my girlfriend and I conversed, 

we missed the audio commentary being played. Throughout the 

rest of the tour we remained silent and pointed to things of 

interest on occasions. After the tour we tried to recall what we 

had seen and discussed what we could remember.  

Read more... 

User Centred Design concerns in 
Ambient Intelligence Environments 

Abstract  

This paper aims to raise awareness in the community of AmI 

researchers by attempting to provide a comprehensive overview 

of issues that relate to the current AmI HCI research.  

AmI vision and the end users  

Ami vision highlights that computers will be everywhere (in 

objects of various sizes, from keys to cars, to buildings). These 

computers will be invisibly integrated into everyday life and will 

be supporting people in their activities, as diverse as these 

activities may be.  

Read more... 

Educating Multi-disciplinary Design 
Teams (part 1): Component disciplines 

Designing interactive software is complex, requiring an 

understanding of human beings, software systems and the 

interaction between the two. Understanding people involves 

input from at least three social sciences. Psychology explores 

how the human sensory motor, perceptual and memory systems 

work, Sociology explores how people interact with each other, 

and Anthropology explores how people operate in the context of 

their daily activities. Developing interactive software also 

requires input from software engineering, including system 

architecture, programming languages, interaction techniques, as 

well as distributed computing and the use of a wide variety of 

hardware input and output devices. Creating innovative and 

aesthetically-pleasing designs requires input from trained 

designers, including graphic or interaction design and 

increasingly architecture and industrial design.  

Read more... 
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Read more... 

Educating Multi-disciplinary Design 
Teams (part 2): Hands-on Interactive 

Design Techniques 

Interaction design is an iterative process, as illustrated in figure 

1. Students, whether at the University level or professionals in 

the field, are expected to participate in all of the design 

activities, throughout the design process. Although the process is 

presented as circular, it is important to recognise that, once 

begun, the design team can and should revert to any of the 

earlier stages as necessary.  

We begin by "finding out about users", using techniques drawn 

from the social sciences and design. We then work on generating 

a design space and expanding it by creating new ideas. Once we 

have a suitably rich design space, we begin to select particular 

design directions and begin prototyping a design. At any point, 

we may decide that we need additional information about users 

or new ideas to help make design choices. At various points 

through the development, we evaluate our the design, beginning 

with early prototypes and continuing through to the final working 

system.  

Read more... 

Reflecting on Design 

Many courses that include HCI education are still based around 

engineering-orientated design, which places an emphasis on 

functionality and analytical, rather than creative, skills. But user 

centred design embodies aspects of both creative and 

engineering design. Creative design can be seen as "the design 

space as explored through the creation of many parallel ideas 

and concepts" [1]. It has also been argued that "While user-

centred design practices in HCI have recognised the interplay 

between designer and setting, they have tended to overlook 

differences between creative and engineering design." [2]  

Read more... 

Teaching Design for HCI 

I joined the Department of Computer Science and Information 

Systems at the then University of Port Elizabeth in 1997. During 

my time in the Department I completed an honours degree with 

the focus on delivering education using videoconferencing. My 

interest in HCI was sparked during this time, as I could see how 

the students were struggling with the various software interfaces 

as well as their own postgraduate development projects. I 

completed a Masters degree in Computer Science in 2002 with 

the title "Formal Usability Testing of Interactive Educational 

Software: A Case Study Approach" which entailed a methodology 

for usability testing of interactive education software. My current 

PhD studies is focused on developing a process model for 

interaction design of the Information Architecture of Web-based 

Learning Environments (expected date of completion April 2007). 

Read more... 
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Design for All and Assistive Technology 
for computer science and design 

students 

In this article I outline my background in teaching and 

conducting research on "design for all" and assistive technology. 

I then discuss definitions of these two terms, which are not 

straightforward, and present some of the arguments for 

including them in computing and design curricula. Finally I 

present a number of exercises that I have successfully used in 

teaching these topics with undergraduate and graduate 

computer science students and web design students.  

Read more... 

Teaching HCI in Practical Terms 

I have been an academic teacher since 1991, when I received a 

lecturing position in Computing Science, with a direction towards 

Human-Computer Interaction. The courses have been covering 

various topics in the main area, ranging from Introduction to 

Human-Computer Interaction, Usability engineering, User-

oriented software design and Task and Work analysis. During the 

years, I have published educational material on my personal 

home page (which is now under a major remake but can still be 

visited for some samples): www.anst.uu.se/larsoest/  

I have been chair of the Swedish Interdisciplinary Interest Group 

for Human-Computer Interaction between 1993 and 1994, and I 

am the Swedish representative of IFIP TC.13 since 1996. I have 

been co-organizing workshops on Education in Human-Computer 

Interaction at several international conferences. For the IFIP 

Working Group 13.1 I currently manage the group website 

(www.hcieducation.org/), which is dedicated partly to the task 

of being a repository for educational material.  

Read more... 

DUTCH - teaching method-based 

design 

The first author has a master's degree in Cognitive Psychology 

and a PhD on Human-Computer Interaction. He was head of a 

Cognitive Ergonomics Department, and is now a full professor in 

Computer Science Departments in 3 Dutch Universities (Vrije 

Universiteit, Amsterdam, Universiteit Twente, Open Universiteit). 

He developed single courses on user interface design or design 

of interactive systems as part of Bachelor curricula in Computer 

Science, Cognitive Psychology, and for distance education, and 

as part of a Master in Ergonomics. He developed a full (4 year) 

academic (Bachelor and Master) curriculum in Information 

Sciences titled "Multimedia and Culture" that included 6 design 

courses (website design, information representation, visual 

design, multimedia design, user interface design, text design, in 

total about 3/4 student years), that were separate from, but 

based on courses on related theory as well as basic skills like 

multimedia programming and web programming.  

Read more... 



      Irene Mavrommati 

      Oguzhan Ozcan 

      Paula Kotzé 

      Ilari Jounila 

Teaching a design perspective 

My background is in Interactive Multimedia, and Graphic/Visual 

Communication Design while my work experience is in the field 

of user experience / interaction design. In parallel with my work 

as a Project Coordinator / Experience Designer (mostly in IST 

FET projects), I am a contracted lecturer in design since 2002. In 

this role I have taught in a variety of departments, and a variety 

of student profiles. I have been successively teaching Interaction 

Design in the Design Engineering of Products and Services 

department, University of the Aegean, Syros, Greece (for three 

terms); Design for Digital media in department of Architecture in 

Patra University (for a term); and Graphic/Communication 

design at a postgraduate course in Multimedia, at the Hellenic 

Open University (currently).  

Read more... 

Breaking Rules in Interaction Design 
Education 

I am a UNESCO Ascberg Fellow, Expert of International Standard 

Organization (ISO), WG5 "Software Ergonomics and Human 

Computer Dialogues", and the founder of Communication Design 

Department, Yildiz Technical University Istanbul. I have a 

number of articles published in important journals such as 

Design Issues, Leonardo, and Digital Creativity. Some articles 

are also cited. I am the coordinator of European Interaction 

Design Summer School sponsored by ERASMUS.  

Read more... 

Design for HCI 

I hold a PhD in Computer Science (Human-computer Interaction) 

from the University of York (UK), a masters and a honours 

degree in Computer Science, and a bachelors degree in 

Computer Science and Industrial Psychology, all from the 

University of North West in South Africa. My master dissertation, 

completed in 1982 titled The Psychology of Computer 

Programming with Special Reference to Systems and 

Applications Programmers, combined my background in 

industrial psychology and computer science and was one of the 

very first master dissertations in the emerging field of human-

computer interaction (HCI) in the world. For my doctoral 

research, with the thesis title The Use of Formal Models in the 

Design of Interactive Authoring Support Environments, I 

ventured into foreign territory, i.e. the more mathematical side 

of computer science. I also hold two postgraduate diplomas in 

Education.  

Read more... 

Mental Models in Practice 

I hold an M.Sc. and I'm currently a PhD student in usability 

engineering in the Department of Information Processing Science 

at the Oulu University. My preliminary working title of PhD thesis 



      Nestor Garay-Vitoria 

      Paula Alexandra Silva 

      Konrad Baumann 

      Charalampos Rizopoulos, Dimitris Charitos 

at the Oulu University. My preliminary working title of PhD thesis 

is "HCI Education and Teaching". I have been for over two years 

a teaching assistant in HCI courses, such as Usability Testing, 

Interaction Design, and Introduction to Human-Computer 

Interaction.  

Read more... 

HCI design is not only software design 

In this paper, author's experience in teaching Human-Computer 

Interaction (HCI) design is presented. A design exercise that has 

been proposed to undergraduate students in an optional course 

within computer engineering curriculum of the University of the 

Basque Country last years is detailed and some conclusions that 

were extracted are commented.  

Read more... 

Understanding materials 

This paper describes my experience in teaching/researching HCI 

and Design. Additionally, it presents my beliefs as well as my 

concerns about teaching HCI. Specifically, I raise attention to the 

importance of understanding materials while designing.  

Read more... 

Design Education Methods - Examples 

and Findings 

My position paper gives an introduction to and overview on the 

project "How Designers Teach - a Qualitative Research on Design 

Didactics". It is a follow-up of my doctoral thesis and related 

workshops.  

In his "Software Design Manifesto" (1990) Mitch Kapor stated 

that "We need to create a professional discipline of software 

design. [...] Software designers should be trained more like 

architects than like computer scientists". Thus, the didactics of 

"software design" or "interaction design" should be oriented 

towards the didactics of the classical design disciplines, like 

architectural design.  

Read more... 

How do we communicate with(in) 

intelligent spaces? 

Ιntelligent user interfaces (IUIs) seem to be among the most 

important paradigms for future research in Human-Computer 

Interaction. "Intelligent" or quasi-intelligent behaviour may be 

applied to both virtual and real space. Although the technologies 

that lead to the realisation of such spaces have been extensively 

documented, this has not been the case with the impact of these 

technologies on the user. This paper reviews relevant literature 

with the aim of examining intelligent spaces as a type of spatial 
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with the aim of examining intelligent spaces as a type of spatial 

interface and documenting their importance for the formulation 

of the user's spatial experience. It attempts to investigate 

relevant theoretical approaches that may be applied into 

studying human behaviour and communication within the 

context of intelligent spaces. Ultimately, this paper aims to 

outline the influence of intelligent spaces on the users' activity 

within the environment and their environmental experience in 

general.  

Read more... 

Pervasive Computing in Agriculture 

Currently, there are few discussions on the integration of 

biological elements of the real (natural) environment into 

pervasive computing applications. In this article, we briefly 

present our research efforts to create digital interfaces to nature, 

in particular to selected species of plants [1]. Our approach goes 

beyond the use of sensor networks for environmental monitoring 

[2] by emphasizing the development of a system architecture 

that incorporates the plants and associated computation as an 

integral part of the system, and allows the interaction of plants 

and artefacts in the form of synergistic and scaleable mixed 

societies. The ambient intelligence technology is used to 

encompass plant requirements, by establishing a three-way 

interaction between plants, people and objects (Fig. 1). This 

approach enables the development of hybrid systems consisting 

of communicating plants and artefacts in scenarios ranging from 

domestic plant care to precision agriculture.  

Read more... 

Sustainable 'disappearing computer' 
artifacts and spaces, designed for 

extended human use 

The questions to ask regarding sustainability: How do Ubicomp 

technologies fit in the global picture whereby 60% of the world's 

nations have a lower quality of life than they did 20 years ago. 

Of the world's population 78% are poor whilst 22% are middle 

income or rich. How do these technologies fit into a world where 

most scientists agree is at threat from global warming.  

The issue if sustainability is addressed here from three angles:  

Sustaining People: In what ways might Disappearing 

Computer technologies play a role in addressing individual 

and societal needs?  

Sustaining the Planet - How do Disappearing Computer 

technologies affect, positively or negatively, manufacturing 

and environmental capitals?  

Sustaining Profitability - How can Disappearing Computer 

technologies play a role in inspiring, promoting or supporting 

new forms of value exchange?  

Read more... 



"ExtelligenceDesign or my 15MB of fame"

Marcus Kirsch

There are many aspects to this new phenomenon of fast publishing 

and the tools/media platforms as well as the patterns it involves and 

creates. Are we all becoming artists and famous for 15MB? 

youtube.com, SPORE, google earth and others have come a long way 

from media like fanzines and MUDs. Is there more or less design/art 
involved? What are the social cultural political implications of such 

designed communities? Are there new opportunities for locative and 

political awareness that can be designed into such tools?  

“It is not the end of TV, but the beginning of something new!” - as 

media icon John De Mol, best known as the inventor of the Big 

Brother format, put it, at Amsterdam’s CrossMediaWeek. Despite 

many people leaving the room during his way too outdated speech, 

he still managed to provide a signal. As much as Google UK’s Lorraine 

Twohill did by enlightening us that some of Google’s best services did 

not originate from their research departments, but are the 

brainchildren of employees using the opportunity of access to 

Google’s database to come up with tools like Gmail and Google Earth. 

Besides that, Google’s presentation was filled with user created 

content located, up- and downloaded to not only on Google video, but 

especially on video community sites like YouTube.com (which since 

then, has just been bought by Google as well). The signal that both 

DeMol and Twohill were setting is a phenomenon that consists of two 

parts. One that user created content is more and more not only 

binding people to media but producing the most valued asset of 
modern culture, the digital content and its inherent cultural and 

financial values. Second is that the tools and frameworks that enable 

people to create this content are the future of our social, cultural and 

political connectedness and the base for opinion and decision making 

in the digitized countries.  

But we all saw that one coming didn’t we? Warhola, Beuys, McLuhan, 

if it’s the 15 minutes of fame, the everyone-is-an-artist attitude or the 

global village terminology, some seemingly saw that media, if 

available and publishable by everyone, will empower a social network 

structure that can easily skip the beat of the conservative hierarchy 

drum. What we see happening is the subconscious effects of what 

could be best described as ExtelligenceDesign.  

ExtelligenceDesign as a procedural entity consists of two basic 

components, the framework and the tool. When Linus Torvalds 

delivered the core component of what is now known as the first major 

Open Source project, the operating system Linux, he was using a 

framework of project processes set up in 1983 by Richard Stallman 

called the GNU Project, which started as a social, ethical and political 

shift in thinking on how software could be developed. The key here 

was to use freely available software development tools to build and 

add components in order to end up with a complex product. GNU was 

the framework, free coding software were the tools.  

In 2003, social networking portal Meetup.com became the fastest-

growing online community site in the world. Meetup.com is a 

framework. It facilitates offline meetings around the world, by helping 

members find groups of similar interest like politics, books, games, 

etc. Presidential candidate Howard Dean used it during his campaign 

to organize and energize his grassroots support, which meant a major 

shift in hierarchical structures on the grassroots level. It turned out to 

be such a successful move that not only did other candidate’s 

“Extelligence is a term coined by Ian Stewart and Jack Cohen in 

their 1997 book Figments of Reality. They define it as all the 

cultural capital that is available to us in the form of tribal 

legends, folklore, nursery rhymes, books, CD-ROMs, etc.” –  

 

Wikipedia.org 



be such a successful move that not only did other candidate’s 
campaigns join in, but a reasonable amount of people started to shift 

over to Dean’s camp, people who confessed that they would have 

never considered voting for him, but that the possibility of personal 

engagement was one of the reasons for them to have changed their 

mind. Using the gatherings as reassuring tools, Meetup.com delivered 

the framework.  

Somewhere around 2000, game developer Will Wright of formerly 

SimCity fame saw his recent creation TheSims take the next 

generation step without having asked for it. TheSims, a computer 

game based around a simulation of a family-sized household with all 

it’s tasks and challenges, comes with a set array of characters, 

furniture and other objects down to different wallpapers all designed 

to let you create your dream home (with picket fences) and your 

dream members. A while after the game was launched, some 

programmers found a way to create their own wallpapers, objects and 

characters and built easy to use little tools for less technically savvy 

users of the game in order to enable them to do the same. Quickly, 

the content for the game exploded, people designed their favourite 

actors and pop stars, even Saddam Hussein could be downloaded and 
added to your digital family.  

Where the framework of TheSims as a game was turned into an 

ExtelligenceDesign process/phenomenon by adding hobbyist tools for 

the community, Will Wright’s newest project SPORE inherits a 

combination of framework and tools from the start. Already hailed as 

the next generation of computer games, the Darwinist game follows 

the development of the user’s creature from a simple cellular being 

into no less than a globe spanning society, which eventually starts out 

to populate other planets around the game’s galaxy. At the game 

framework’s core is an editor tool that lets you modify your creature 

whenever it’s creating the next generation. Launching next year 

people will monitor how the game will do, as it is one of the first 

examples that are consciously buying into the ExtelligenceDesign 

process.  

After more than a decade of projects that are valid examples of the 
ExtelligenceDesign idea or social interface design or it’s sub-form of 

service design, one might wonder why it still hasn’t become any 

easier to recreate the phenomena that are so well observed and 

described in books like Steven Johnson’s Emergence or James 

Surowiecki’s The Wisdom of Crowds. Again the reason is complex, but 

two points stick out.  

First there is the challenge of creating a team of multi-disciplinary 

minds that are needed to get the process started and I can’t count 

the discussions and talks that get caught around myths like that there 

is a huge gap between Art and Technology, or Art and Design, or 

Design and Technology, or Technology and (add your pet’s name). 

You can go as far back as Leonardo Da Vinci to see that one doesn’t 

exclude the other. Especially painters have for centuries acquired 

knowledge about botanic and chemistry to mix their own paints, 

which basically shows us that there has always been an intersection 

of seemingly unconnected sources of knowledge and ideas.  

Second and maybe more important is the fact that processes that fall 

into the black box that is ExtelligenceDesign are generally taking a 

certain amount of power from the initial framework and tool creator 

and shifting it towards the user. This is a scenario that most bigger 

institutions are not willing to risk getting themselves into.  

A simple example of this is British music group Superthriller’s The 

Blank Album which literally only contained a blank burnable CD, along 

with a code that let people log into Superthriller’s website and 

download any of their songs in any order to put it on the CD, along 

with other music or not, was not the band’s concern, yet to place this 

released album in the music charts proved a major challenge.  

More political examples are the futile attempts of countries like China 

and Turkey to keep their people from accessing news and talking to 
people that don’t follow the country’s agenda. If people are able to 

organize something as complex as the production of software and 

even financially back it up like organizing the double-sided Firefox 

browser ad in the New York Times, then you see that we are 

witnessing a huge paradigm shift in what people can feel empowered 

to do and the threat that it provides to large organisations and 



to do and the threat that it provides to large organisations and 

governments.  

What we can already see is that the bigger an organisation is, the less 

they can afford to stand behind, as did the news media realise after 

mobile phone users with their blogs easily beat them in the race for 

news coverage of 7 July 2005’s London tube bomb attacks. The print 

industry is slowly looking at the benefits of print-a-book-on-demand, 

the physical world is getting it’s Open Source equivalent with 

inventions like MIT’s Burak Arikan and Vincent Leclerc’s Open I/O and 

companies like the BBC are using OpenSource software Drupal as a 

free content management tool.  

What I want to see is what job description they come up with for an 

ExtelligenceDesign Designer. It for sure needs people to stop using 

the word “paradigm shift” and hiring “an artist” for a concept solution 

and start listening to people just across the room. There is a huge 

potential in the new connected crowd, but it’s not just about collecting 

a network of “friendsters” you never met before. The network alone is 

not the content.  
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The need to evaluate AmI systems

Irene Mavrommati

AmI vision tents to present people as passive consumers accepting 

happily an increasing dependability on AmI systems. AmI sees people 

increasingly and comfortably relying on AmI for a number of activities 

(for reminders, surveillance, health monitoring, entertainment, home 

automation etc). Yet, it remains unclear how AmI systems are 
maintained. This vision does not seem realistic because AmI systems 

can not be absolutely problem free.  

SWAMI report mentions that it it is assumed that AmI technology is 

accepted by everybody and is available to everybody, and it is never 

considered, described or investigated what happens to people who 

are either not willing or not able to use AmI technology [10].  

It is not clear whether new technologies will provide a means to 

escape gracefully from being always connected [10], [11]. It is also 
questionable how people will accept living and evolving within AmI 

technological environments and how this ‘nurture’ will impact human 

nature (e.g., why train one’s memory if AmI gives reminders?) [10]. 
Social issues relate to how people’s individual as well as social 

behavior will evolve by living in AmI environments, and thus 

developing certain expectations, assertions, and habits [8].  

Some of the known HCI issues [3], that cannot easily be addressed 
within an AmI environment are:  

Visibility of action (feedback not visible)  

Reversibility of actions  

Syntactic correctness of actions  

Replacement at complex command languages with actions from 

manipulating directly the objects  

Intelligence can help in the latter two of these actions; still there 

remain problems with its application in AmI. Intelligence in an AmI 

environment should be applied carefully so that it does not change 

the AmI environment beyond the expectations of users [7].  

Ιn order to develop useful and usable AmI technology and 

applications, it is important that we are able to learn from results of 

research evaluations, from the user perspective. Evaluation here has 
to strike a delicate balance between prediction of how novel 

technologies will serve a real human need, and observation of actual 

use [3]. The co-evolution of human activities and novel technologies 

plays a very important role here [6].  

According to Dix et al [3] what can be applicable in AmI evaluation 
are participatory methods, design prompts using rich Ubicomp objects 

and large scale observation of subjects living and using the AmI 

world.  

There are inherent difficulties in conducting evaluation for AmI 

systems, that relate to the difficulty of having robust prototypes of 

the application for evaluation relatively early in the progress of 

research. ‘A good portion of reported ubicomp applications work 

remains at the level of demonstrational prototypes, not designed to 

be robust’ as Dix et al, [3] notes. It is therefore difficult in AmI 
prototypical systems to evaluate for longer term, or with a large 

number of users. Even more difficult though it is to allow within the 
research process the time and effort for potential system changes 

that could be suggested by the evaluation feedback. Although some 

efforts are made to the direction of evaluating AmI prototypical 

systems (for example in the course of several DC projects [2], [12], 

it is noted that more extended evaluation is in fact needed [7].  
To achieve more in-depth and extended evaluation some research 

organizations are creating AmI environment test-beds in the form of 



organizations are creating AmI environment test-beds in the form of 

‘Living Labs’ to support their research. Living labs seem to be a 

necessity for AmI research in order to achieve any longer term use 

and evaluation; a few such efforts are recorded, like the example of 

the Philips HomeLab [9], or the Intelligent Dormitory at the University 

of Essex (iDorm) [5].  

Current evaluation results published are not very useful; this seems 

to be because evaluations are conducted in order to asses the quality 

of a particular AmI application, but also because there seems to be no 

shared framework and terminology being used in the field. While a 

number of evaluation methods and design guidelines can be borrowed 

from traditional HCI, there are considerable differences that suggest 

different evaluation methodologies and metrics [11].  

The framework of Belloti et al [1] although it focuses in interaction, 
has potential in informing the design of the evaluation of AmI 

systems, (along with the design of AmI systems, as it was initially 

intended). A more targeted effort towards a framework for evaluating 

AmI applications is published by Intel Research: Scholtz and Consolvo 

[11], suggest specific metrics for the following evaluation areas for 
AmI applications: Attention, Adoption, Trust, Conceptual models, 

Interaction, Invisibility, and Impact.  

Formative evaluations are very important early on AmI research (due 

to the augmented cost and complexity involved in the development 
effort for AmI systems). In some cases existing evaluation methods 

such as Wizard of Oz can be used, or the Cognitive Dimensions 

framework [4] - as reported in [7]. The attempted framework of Intel 

Research [11] seems to propose more appropriate metrics for the 
evaluation of AmI systems. Nevertheless usability experts need to 

design the AmI evaluations carefully, starting from the basics, so as 

to apply appropriate metrics and method according to the AmI 

application at hand, as the field is not well established yet.  
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A Beautiful New World

Konstantinos Grivas

Interactivity becomes a contemporary plague.  

Everything has to be interactive. Those which are not, immediately 

fall into the category of "old-fashioned, boring stuff", condemned to 

indifference and neglect. We may find this position extravagant, yet 

the media and the world market create a projection of our world 

where interactivity or "smartness" stands above all as the ultimate 

quality: a beautiful cup is beautiful, no doubt, yet an interactive cup is 

more desirable than a "simply" beautiful cup.  

Is there a dilemma we are facing? Do we, really, have to choose 

between an interactive world of 'live' and intelligent devices that 

connect us to a multitude of other places and fellow-humans, and a 

boring one where people and things are confined to silence and the 

pleasures of "here and now"? To my view, such a dilemma does not 

exist.  

Firstly, neither the euphoric vision of ubiquitous interactivity, nor the 

grim image of an inert and obsolete world, is honest; the opposites 

too. The ongoing global discussion about new technologies that are 

re-shaping our environment, their promises and their threats, 

provides equally strong arguments from both sides. Hence, it is 

senseless to adopt a clear position for or against interactivity.  

Secondly, the "big step" of humanity towards interactive man-made 

environments is as inevitable as the construction of primitive tools, 

the development of language and print, the creation and growth of 

sophisticated telecommunications. New interactive and ubiquitous 

environments are only but a step in the evolutionary process of 

humans to master their tools and environments and add up 

complexity to their perception and use of them. Does the dilemma 

between embracing progress and going against it serve any 

meaningful purpose?  

Last, but not least, to pose a false dilemma for, or against 

interactivity, and adopting polemic attitudes, is an easy way to escape 

the difficult discussion of what we should do of the new technologies. 

And to this discussion there is one very useful - yet quite defiant of 

precise definition - guide: beauty2. Before hastily rejecting and 

attacking the criterion of beauty as superficial, hedonistic, 

discriminating, unethical, or else, we should contemplate of what our 

civilization likes to remember from older generations. Isn't it all the 

beautiful things that we like to keep in our cities, museums and 

homes? Isn't there something that makes all beautiful things - from 

the humblest everyday objects to the greatest masterpieces of art - 

so desirable, priceless, invaluable, personally or socially significant? 

And isn't it true that we will always savour all the beautiful moments 

and experiences we had the chance to live in our lives?  

Interactive environments are new and today it is mostly in the hands 

of visionary people (artists, architects, designers, philosophers and 

writers) to reveal beauty within them. The dissemination of beauty in 

the new techno-digital world will take time and effort. Undoubtedly, 

our perception of what is beautiful and what is not will be constantly 

challenged as we discover new mind-pleasing opportunities, and as 

we push our power of individual or collective expression to new limits. 

Neither the speediness of technological innovation, that allows little 

time for reflection and maturity, nor the current attitude of 

technology providers to have absolute control over it, deciding for us 

what we need, can eventually obstruct the human desire to create 

and live among beautiful things - interactive or not. The "new world" 

may be marketed as the "interactive world" but still what is really 

fascinating about it and worth pursuing are the material and 

immaterial manifestations of beauty it offers. It is in our hands to 

craft it as we please, and it is in our intellects to appreciate it when it 

comes.  



1  The article title - "A Beautiful New World" - paraphrases the title of 

Aldus Huxley's book 'A Brave New World', 1932  

 
2  'Beauty' / 'beautiful' is not used here with to convey the property of 

externally pleasing images or forms only, but more generally the 

quality of intellectually and spiritually uplifting experiences when 

encountering objects or events, either because of the finesse of their 

craftsmanship, or the clarity and rigor of their concept, or their 

emotional impact on us.  

 



Personalisation and Multimodality

Mayuree Srikulwong

“Our interactive systems have to be accessible, usable and engaging”  

 

D. Benyon [2]  

The aim of this article is to introduce the concept of personalisation 

and why we need to extend it to support future interactions. 

Multimodality is used as a bridging concept between naturalistic 

behavior and engagement. Ultimately the research goal is to 

understand the principles underlying the design of interactive systems 

that provide individual user experience through multimodal 

interactions.  

Personalisation  

Personalisation had its peak in the late 1990s and is rooted in the 

rapid growth of the World Wide Web which has become an integral 

part of business and everyday life. “Personalisation”, prior to the era 
of ubiquitous computing, was indented to provide custom web 

contents based on the interests of individual. The personalisation of 

services can be considered in two different ways: Personalisation and 

Customisation. Customisation requires users to perform some initial 

tasks to have their preferences profiled. While here we discuss about 

Personalisation, we implicitly confer a means of reducing explicit input 

or providing machine learning of user interaction.  

In the age of ubiquitous computing, when either one user interacts 

with one device when he is on the move or when many users share 

one device, not only the information about available services and user 

preferences has to be recognized, but also the available technologies 
and their specifications have to be acknowledged by the system. 

Then, the content will be delivered to the users differently based on 

the characteristics of their devices. This is called personalised 

interface.  

When dealing with a mixture of medias and technologies in different 

contexts, the concept of personalisation should be extended to make 

interaction between individuals and their programmable devices more 

natural, intuitive and engaging. Multimodality can be used as a 

mechanism to achieve this design goal.  

Multimodality  

A modality is a path of communication, in this case “sensory channel”, 
employed by the user interface to carry input and output. According 

to most widely accepted explanation, there are five human senses 

and they are sight, hearing, touch, smell, taste. The user interface 

may offer several input and output modalities, allowing the user to 

choose which ones to use for which specific kind of interaction. If in 

this case more than one path of communication can be deployed then 

such interaction becomes multimodal. An example of such 

multimodality can be the combination of facial, postural, gestural, 

hand tension activities, with vocal expression, language and the 

choice of words.  

Recent HCI research emphasises multi-sensory interaction through 

the concept of multimodalities. However, Aziz and Nicholas [1] 
reported that 70% of sensory perception researches are of vision 

sensory, another 20% for audio channel, 5% and 4% on olfaction 

(smell) and gustation (taste) accordingly, only 1% is on somatic 

A personalised service provides suggestion based on either 

implicit data such as items purchased or page viewed or users’ 

explicit input such as preferences.



(smell) and gustation (taste) accordingly, only 1% is on somatic 

(touch/haptic) sense. This contradicts the fact that most sensory 

receptors lie on human skin and haptic interaction can provide the 

sense of presence and make interaction more engaging. Therefore, all 

interaction designers are challenged to explore haptic in order to 

extend its communicative capacity.  

The Future of Interaction Design for Personalisation  

In the past, many systems have been designed by programmers and 

computer-savvy engineers who assumed that users need the same 

things. Frequently, users discovered most usability problems after 

purchase. These days, people learn how to be critical about product 

design, “choose” to make their statements and express their 

ownership because of:  

available information  

returning policy  

massive choices and  

global competition.  

Based on the study by Ho [3], it found that users prefer personalised 
services to generalised ones and are likely to switch to a provider who 

offers the former. These user groups exercise total control over their 

collections, assume different identities in cyberspace. It's all about 

controlling one's space, time, content, communications, i.e. one's 

universe [6]. An obvious example of this “control freaks idea” lies 

within hundreds of millions of mobile phone users worldwide that 

express themselves through different handset models and customised 

ring tones and covers. 

It is our mission to understand their needs and limitations at personal 
level rather than generalize their requirements. Consequently, we, as 

practitioners of HCI, have to take all these concerns when we design. 

That is, we need to put people and their needs in the centre of design 

process. This aspect is seen as fundamental to design systems 

allowing the users to do their own things in their own ways. Let them 

be designers.  

Considering this, not only the tailoring of information should be 

addressed but also the tailoring of interactions should be focused. In 

order to well-facilitate these dynamic interactions, multimodality can 

offer more choices for interaction. The most apparent reason is that 

we can deploy its variation to appropriately help, support and extend 

the way users personally communicate and perform activities.  

However, to provide effective multimodality, we have to considerably 

and carefully design the interaction process. A pilot study on mobile 

computing devices [4] suggested that enhancing the buttons on 
computers with sound can significantly increase their usability. 

Nevertheless, Verrilllo [5] found that heavy use of channels often 
reduces the usability of a user interface, as the user must expend 

effort to remember current states, and switch between them as 

necessary. This contradiction challenges interaction designers to 

resolve and find a balance of an appropriate usage of multimodality.  

The ultimate goal is to understand the principles underlying the 

design of interactive systems that provide individual user experience 

through multimodal interactions and to design them in a way so that 

they are enjoyable and useful, and thereby enhance the lives of the 

people using them.  
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of Computer Science at the University of Bath. Her research interests 

Therefore, we need an enhanced paradigm of interaction, and 

also a proper understanding of paradigm we already have. 

Further techniques to use them effectively and in a better way 

for their enhancement should be developed. Finally, a better 

understanding of where the different paradigms are best applied 

and how and when to mix them is necessary.
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Urban Tapestries

Community pollution 

mapping

Feral Robot

Social Tapestries: Robotic Feral Public 
Authoring

Giles Lane, George Roussos

What environmental factors such as air quality, noise and light 

pollution affect our neighbourhoods? How can we measure pollution in 

our own localities and make this data visible? How can we make 

sense of this in the context of what we already know about the places 

we live, work and play in? Robotic Feral Public Authoring links 

together two branches of research for community fun and action. 

Hobbyist robotics and Public authoring both enable people to use 

emerging technologies in dynamic and exciting new ways. Brought 

together they open up whole vistas of possibilities for exploring our 

local environments with electronic sensors to detect all kinds of 

phenomena and map them using online tools.  

Everyday Archaeology  

Electronic sensors are now cheaply available for detecting a wide 

range of phenomena such as carbon monoxide, nitrogen dioxide, 

solvent vapours, electro-magnetic emissions (mobile phone masts, 

electricity generators etc), light and noise pollution. These can be 

combined with other cheap electronics (such as toy robots) that 

engage people in evidence collecting in a fun and tactile way. Adding 

the sensor readings to online mapping tools, such as Urban 

Tapestries, suddenly brings the relationships between environment 

and home vividly to life. It enables people to feel they can learn about 

their environment and have the evidence to do something about it. By 

linking robot building and mapping workshops into traditional 

community events (village fetes and local festivals etc) a wide range 

of people can become involved in gathering and sharing knowledge 

about their environment.  

Robotic Feral Public Authoring is part of Proboscis' Social Tapestries 

research programme, exploring social and cultural benefits of local 
mapping and knowledge sharing (public authoring). Proboscis hosted 

design engineer and technology artist, Natalie Jeremijenko as a 

Visiting Fellow with a view to investigate how toy robots can be 

hacked together with environmental sensors and used to map 

pollution by grassroots communities. Natalie's previous robotics 

projects reconfigured low cost toy robots into vehicles of social and 

cultural activism, exploring how robotics could break out of the 

academic lab and how sophisticated equipment could be put into the 

hands of the general public by using the economies of scale of 

consumer manufacturers. Proboscis initiated a further collaboration 

with Birkbeck College's Computer Science department to design and 

build the new feral robot along with the software needed to enable it 

to sense pollution, add GPS location data and feed this back to the 

Urban Tapestries mapping platform.  

London Fields  

London Fields is a popular local park in Hackney, East London. 

Bounded by Richmond Road to the north, not far from Mare St 

(Hackney's busiest road) it is an important resource for local 

communities in a built up area. The park is used by local people for a 

variety of activities; as a space to play and socialize in (with two 

children's play areas), organized cricket and football matches, and 

many dog walkers. It is also a popular walking and cycle route. As 

part of a global city, London Fields and the area around it is 

constantly changing, adapting to accommodate the differing needs of 

the surrounding population. London Fields' origins (first recorded 

mention in 1540) and it's existence today are related to its use as 

Lammas land, an area for communal grazing. It was the last piece of 

commonland for livestock on a drovers route from Essex to London 

Town before being herded off to "Slaughter Street" off Brick Lane or 

East Smithfield. Currently the intervention of property developers in 

the locality of London Fields is raising serious concerns about the 



the locality of London Fields is raising serious concerns about the 

gentrification of the area and the impact this will have on local 

communities. During the 19th century the Fields themselves were 

under threat and only just survived a number of attempts to change 

their use. In the 1860s agents for landlords began promoting the site 

for development, dismissing the Lammas rights as rarely used and 

pointing to the neglected state of the fields. The importance of 

London Fields location as large open space so close to the city was 

recognized, and thus development not allowed. London Fields became 

a public park in 1872.  

Proboscis chose London Fields because of its strengths as a public 
space used by distinct and diverse communities. Collaborating with 

SPACE Media Arts (based on Mare Street) enabled us to create swift 

and trusted links into the area using SPACE's extensive local 

community networks.  

Community Mapping  

A group of 15 participants took part in a community pollution 

mapping exercise in London Fields in November 2005. In small 

groups, participants explored London Fields equipped with audio 

devices, digital cameras and Pollution Sensing eNotebooks to look for 

evidence of pollution. Information gathered was mapped on to a large 

aerial photograph of the area and became a starting point to explore 

wider concerns about pollution (both visible and non visible) and the 

potential application of technology by communities to detect it.  

Would you want to know just how polluted your local park is? "Living 

close to London Fields I would like to be part of an experiment which 

maps pollution in London Fields inch by inch... we need to know 

where it is polluted and then we can start to put up signs and warn 

people". Or perhaps not: "The more I think about it, the less I want to 

have any access to any data about air pollution in my locality, or 
information about this park. I don't have a garden, I have a kid, I'll 

always use it." "We have come to accept air pollution because we are 

culturally habituated to it... that's got to change and if this doesn't 

happen at a grass roots level with tools that we can handle ourselves 

governments will not shift because they are in with the big 

corporations."  

So is community pollution mapping about producing accurate 

scientific data? Or is it a tool to highlight concerns, to map knowledge 

and collect data to reinforce perceptions of an area? How can 

activities like hobbyist robotics and public authoring help local 

communities come together to explore and act on the environmental 

evidence they collect?  

Creating the sensor nodes  

The first generation of feral robots was developed using the very low 

cost PIC microcontroller family which provides computing power 

roughly equivalent to that of a remote control. The requirement for 

location annotation and wireless and internet connectivity for the new 

version implied that an altogether new design was required. We also 

wanted to be able to support a more extensive collection of sensors, 

several of which required an extended period of warm-up. For this 

reason, we designed a new printed circuit board that provides 

appropriately regulated power to all components including the 

processor board, the data acquisition boards and the sensors; can be 

used to recharge the on-board battery pack; supports terminal access 

to the system console; and a mounting foundation for all the 

electronics.  

"In London we have the highest level of asthma in the world. 

There must be a reason for this. If people don't have the tools 

they can't make this jump... to enable them to visualize the 

pollution that they in part cause." "As soon as the word pollution 

is mentioned, one is made to feel like something is under threat 

or being destroyed." "If we encourage people to map pollution in 

their area they suddenly think their area is polluted." "Most 

people's homes are more polluted than the outside space we 

occupy, through chemicals in furniture, upholstery and 
construction materials such as MDF." 



Two software applications were required: one to configure and 

maintain correct system operation, for example network discovery 

and connection to a network time server for timestamp 

synchronization, and a second application which polled the sensor 

boards, retrieved data, and packaged it in an appropriate format for 

transmission to the UT server. Although this new version can connect 

to any accessible wireless LAN, a mesh network infrastructure 

provides maximum coverage and flexibility. In the London Fields 

outing we used a portable WiFi mesh node from Locustworld.  

Integrating with the Urban Tapestries platform  

Collecting and processing the data sent from the Feral Robot required 

a series of extensions on the existing Urban Tapestries backend 

system to fit with the very special needs of the robot client. A 

separate server component was designed and implemented that 

establishes connectionless communication with the robot. This 

accepts the robot's data packets which contain the robot's GPS 

position along with the corresponding value of the sensor 

measurement and the time this measurement was taken. After 

extracting the packet contents they are stored in the database, from 

where they become available for processing and visualization.  

Sensor visualizations  

The initial visualizations of the feral robot sensor data were made by 

processing a static high quality aerial photo of the area in which the 

measurements were taken, and overlaying it with an extra 

transparent image layer. The sensor values and each reading's 

position were fetched from the database, associated with a colour 

from the visible spectrum, then drawn onto the image layer as a dot 

with diameter equal to the maximum GPS position deviation. This 

forms a dense coloured "cloud" over the subject area. Our next stage 

is to develop a dynamic mapping representation using Google Maps 

and associating the sensor data with other contextual knowledge.  

Project Credits  

Giles Lane Principal Investigator  

Natalie Jeremijenko EPSRC Visiting Research Fellow  

Alice Angus, Camilla Brueton, Sarah Thelwall and Orlagh Woods 

Proboscis  

Dima Diall, Dimitri Airantzis, George Papamarkos and George 

Roussos Birkbeck College, University of London  

Gini Simpson, SPACE Media Arts  

Karen Martin, University College London  

Giles Lane is the founder and co-director of Proboscis. He holds a BA 

in Literature and the History and Theory of Art from Goldsmiths 

College, University of London. In addition to running Proboscis, Giles 

is a Associate Research Fellow in the Media & Communications 

department of the London School of Economics and Political Science, 

and was Research Fellow at the Royal College of Art (1998-2002). At 

Proboscis Giles has been responsible for running the research 

programme, which has generated key projects and collaborations 
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and Bluetooth functionality. Location information is collected 

using any NMEA compatible Bluetooth GPS unit. In our prototype 

we used an OEM version of the Socket BT receiver. Finally, we 

used two Figaro chemical sensors, namely the AMS-2100 which 

measures air quality and the AMS-4161 which measures the 

number of carbon dioxide particles per million particle of air. 

Such sensor readings are converted to digital measurements via 

the Robostix data acquisition board which includes a 10-bit 

analogue to digital processor. 
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Digital Territories today - An example

Barbara Daskala, Ioannis Maghiros

1. Introduction  

The extreme sophistication of ICT and emerging technologies is 
expected to create what is called an 'Ambient Intelligence (AmI)' 
environment. The AmI space consists of a set of technologies, 
infrastructures, applications and services operating seamlessly across 
AmI environments (e.g. neighbourhood, home, and car). Such an 
environment would contribute towards economic growth, foster 
business and knowledge opportunities as well as efficient services, 
and most importantly increase the employment opportunities for 
people. AmI is also expected to enhance the use and the protection of 
our digital identities, with the development of appropriate 
technologies.  

Nevertheless, living in an AmI space would require a proper balance 
between a complex diversity of interests and values related to 
freedom of speech, access to information, trust, security, protection 
of the individual sphere of identity and protection against 
discrimination and intrusions by public and private actors [7]. AmI 
environment would be extremely personalised and would thus require 
the exchange of a lot of personal data, which would have to be 
networked and therefore remotely accessible. In this context, the 
protection of this data is deemed very important. Towards addressing 
this issue, a new framework has been developed that would enable 
users to manage proximity and distance with others in this future 
ambient intelligence space, both in a legal and a social sense, as is 
the case in the physical world [2].  

2. The D1gital Territ0ries concept - An overview  

The idea of 'territory' is present in the physical space almost as long 
as human presence on earth [5]. Legal rules and tacit socio-cultural 
norms and even traditions constitute the guidelines for people's 
understanding of what is private or public space or of what is socially 
accepted as private or public space. Although the distinction is not 
always that clear, people have learnt to become aware of the 
boundaries between them and they act accordingly [3]. The fenced 
land, the 'keep out' sign on someone's private lawn, the questioning 
look and cold stare given to strangers in a neighbourhood bar, are 
just a few examples of the 'intuitive validity of the idea of territory' in 
the physical space; territorial behaviour basically aims at achieving a 
desired level of privacy [1]. Considering that this is exactly the 
objective we wish to attain in the case of the protection of personal 
data in the digital space, it seems that the concept of territories 
provides such a means to our end.  

In the context of our study, we have identified the following three 
different types / layers of digital territories, according to the degree of 
control that individuals exercise on their data in the specific space and 
the relative duration of the individuals' claims to the space [6].  

Primary or Personal DT - The primary digital territory (DT) 
regards a person's digital personal space [5]. This space 
encompasses the individual's digital identities as well all digital 
personal data of a person, including any data which are generated 
by the person's on-line activities. As such the personal DT aims at 
achieving a desired level of privacy, while allowing the 
performance of any number of selected everyday tasks.  

Secondary or Group DT - This type/layer of DT is a hybrid as it 
combines both the total and pervasive control allowed to 
participants in primary territories and the almost-free use of public 
territories by all persons [5]. It basically regards groups of 
individuals that share common interests or purposes; hence it is 
also referred to as a group DT. The secondary or group DT has 



also referred to as a group DT. The secondary or group DT has 
elements of public access, considering that it is 'used' by two or 
more persons, but at the same time its owners enjoy a certain 
degree of control, however not to the same degree as over their 
personal DT [1]. A very characteristic example of this type of DT is 
the future smart home, or the workplace environment.  

Public DT - Almost any individual has free access and may 
exercise a low level of control in the context of a public DT. It is a 
kind of 'commons' in digital space, a free territory, open to the 
society members at large. In the physical space it could be for 
example a beach, a street or a park; in the digital space, it is for 
example a non moderated on-line forum, a publicly available 
digital space such as an on-line newspaper offering space with 
individuals' comments.  

Apart from the types / layers of the DT, in the following paragraphs 
we identify four basic components of a DT, which apply for each DT 
type/layer. 

2.1 The bubble  

The first component applies primarily to the personal DT and it 
actually generates and defines the boundaries of the DT. A (digital) 
bubble is a dynamic personal info-sphere, or better data-sphere, 
since it basically 'holds' the person's personal data, and is used to 
setting the borders, restricting and / or allowing data / information 
coming in or going out of it [5]. The bubble concept clusters together 
all the interfaces, formats, rights and agreements etc. needed for the 
management of personal data and informational interactions [1]. In 
this context it can be tuned to function differently (transparency 
permeability) depending on the direction of the movement of data: 
filtering outwards is based on what people want to tell to external 
parties about information being stored inside the bubble, or about 
themselves, whereas information flow towards the bubble is tuned 
based on information needs and requests.  

This filtering is also possible though an appropriate classification of 
the personal data in categories such as private (e.g. data that is 
exclusively personal and we want it to remain so), confidential / 
restricted (e.g. data that could be shared with a few people or given 
to organisations, in order to receive a service) or public (data which 
could easier be disclosed even to a public space). Such a classification 
is of course flexible, meaning that the classification types or criteria 
used may vary for each individual or external environment (e.g. 
security or privacy protection levels offered by the external 
environment, whether it is accessible by everyone, etc.). A number of 
social networking services are already using such a categorisation 
which remains however under the control of the service provider and 
is obviously static in nature.  

2.1.2 Borders and markers  

The borders of a DT are seamless, fictitious 'lines' that draw its 
perimeter, implementing the permissions set through the bubble and 
giving DT its finite nature. Therefore, these borders are always under 
negotiation and may adapt to different situation or spaces. As in 
physical space, the borders of a DT convey the idea of ownership of a 
place [1]; controlling of these borders is essential in the process of 
personalisation. When they are crossed, normally people will 
experience an invasion of privacy [9], feeling that their control over 
their interaction with the external environment is inadequate [1].  

The way of expressing and making boundaries known, is by setting 
markers. In digital space, a marker could be the log-in screens for 
accessing one's personal computer; it could be the 'private' tag put in 
one's folder [5]. Currently, usually it is difficult for individuals to put 
markers in their everyday communications and activities in the digital 
space; moreover, 'digital trespassing' is not yet well legally defined 
and prosecuted. Individuals more or less rely on the markers and 
other relevant protective measures set by private companies and 
organisations (e.g. the log-in required to enter to someone's profile in 
an on-line store or application) for which there is in general no 
legislative protection not even standardised industry self-regulation 
guidelines.  



2.1.3 Bridges  

The bridge is the fourth component of the DT; however, it is not 
always included in the definition of DT, as it has a rather different and 
more complicated nature [5]. Basically, it differs from the other 
components in that it is not a component per se, but it provides the 
link between the physical and digital world: a bridge can be for 
example an RFID tag implanted into the human body. Since today the 
difference between these two spaces is more or less clear, its 
importance as a component of a DT is not quite apparent. However, 
as the boundaries between these two worlds become increasingly 
blurred, as a result of new and more advanced technologies, the 
concept of bridge will have to be considered in order to achieve 
efficient identification of the personal info-space and consequently 
protect it appropriately.  

3. An example - Online Service and Application Providers  

In order to better understand the DT concept and its application, the 
case of certain online services and applications (current and future) 
will be considered, that have already raised serious privacy 
considerations.  

Some online service and application providers are offering universal 
search utilities, which provide the users with the capability to search 
their documents and view web pages across all their computers. The 
issue arising here is whether information about the web-sites visited, 
the number of searches one does, the time it takes to see the results, 
etc. will be sent to the service provider.  

An example of a more generalised service is the 'virtual drive'. It is a 
storage service, which will supposedly provide any user with a 
universally accessible distributed storage space that 'will span across 
computers, operating systems and even devices' [8]. Despite this not 
being yet a reality, many issues and concerns are raised especially 
with regard to the privacy and the security of the user's personal 
data.  

The user's files (documents, photos, videos etc.) are normally kept in 
the user's PC. The potential erroneous configuration of software 
utilities may allow this personal data, which in the physical space 
would for example be kept in a cupboard in a person's room, to be 
publicly disclosed and available to other (unauthorised) individuals in 
the digital space, for example, through the servers of the online 
service and application providers (See Figure 1).  

Although any such provider will assert in its Privacy Policy that 
appropriate security measures have been taken to protect against 
unauthorized access, alteration, disclosure or destruction of data (see 
for example, Google Privacy Policy, 
http://www.google.com/privacypolicy.html), one cannot help but 
wonder if current technical security solutions (e.g. Virtual Private 
Networks, encryption, and security protocols), self-regulation 
guidelines or third-party attestations are adequate in order to obtain 
user's trust. Under what circumstances may anyone trust an online 
service and application provider with one's personal data, which 
would be stored in publicly accessible servers?  

The DT concept could provide the framework for describing, 
discussing and clarifying trust and liability issues. An individual's 
personal information or data in electronic format stored either in the 
person's personal computer or public servers, falls within the user's 
personal DT, and should be owned, controlled and protected 
accordingly. The concept of DT provides a systematic and analytical 
tool towards defining these boundaries. It defines what constitutes 
personal data in digital space and thus identifies what should be 
protected. However, further research is required in identifying the 
appropriate borders, markers, bridges and legal protection required to 
achieve this.  
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Technology for me... Technology for us!

Andrew Warr

We are no longer designing technologies for individuals sitting behind 

desktops. The emergence of ambient, ubiquitous and pervasive 

technologies has enabled the vision of anyone, anywhere, anytime 

computing. However, such a vision does not come without many 

challenges. One such challenge that I shall address in this article is 
designing for our social ecology.  

I shall set the scene for this article by giving a real life example. 

Recently, my girlfriend and I visited the Oxford Story - a ride that 

takes you through the history of Oxford University life. Two people sit 

in a carriage, which takes you around a building made up of various 

rooms, each a different time period in Oxford history. As you enter 

each room, audio commentary is played through a set of headphones 

the users' wear. In the early stages of the ride I heard some muffled 

words spoken by my girlfriend. I removed my headphones and ask 

her to repeat what she said. She removed her headphones and 

commented on something said in the commentary, which related to a 

feature in the room we had passed. During the time my girlfriend and 

I conversed, we missed the audio commentary being played. 

Throughout the rest of the tour we remained silent and pointed to 

things of interest on occasions. After the tour we tried to recall what 

we had seen and discussed what we could remember.  

What was wrong with this technological setup? The private interaction 

space of the headphones had inhibited our social interaction. Such a 

poor design is not an isolated incident. The Stonehenge audio tour 

and the Roman Baths audio tour, also provide private audible 

interaction space. However, with these devices a remote control 

shaped device is held to one's hear, allowing one to hear what is 

going on around them with their other ear. This makes social 

communication more feasible. The user initiates the playback of an 

audio recording by typing in a number presented to the user in the 

environment. A disadvantage of this system though is that users 

belonging to a group often listen to the audio commentary out of 

sync. This leads to comments such as, "I am not at that bit yet"; 

"which one are you listening to?"  

Above I have presented a few commercial applications that have not 

been designed for our social ecology, but such examples also extend 

into the research community [e.g. 1]. Wakkary and Hatala [1] 
observed that a museum tour was a social practice, yet through the 

development of a system that used a headset and a gyroscopic cube 

for audio information presentation, constrained the museum 

experience to that of an individual one. While such research is a 

useful means for exploring the use of future technologies, their design 

often forces change. Such change could arguably be a reason for the 

poor adoption of emerging technologies.  

In the remainder of this article I describe a project I led designing 

and developing a context-aware tour bus system for use by tourists 

on the Bath Bus Company Skyline tour.  

To gain an understanding of the bus tour, we gathered and reviewed 

relevant resources (i.e. web sites, leaflets, etc...). We were also given 

a complementary bus tour in order to experience the tour for 

ourselves.  

Tourists could purchase a tour bus ticket, which was valid for 24 

hours. The tourist may hop on and off the bus at will and visit the 

various tourist attractions along the route. On the bus itself is a pre-

I therefore argue in this article that technologies should be 

designed to complement, not change our delicate ecology with 

other humans, artefacts and our surrounding environment. 



various tourist attractions along the route. On the bus itself is a pre-

recorded audio tour. The passengers may listen to the audio tour 

through personal headsets. The pre-recorded audio tour was played 

in segments. Each audio segment being played, when the bus 

reached the appropriate tourist attraction.  

A major disadvantage of the tour bus experience was that a tourist 

would only find out about a tourist attraction as they arrived at it. 

This would leave little time to find out relevant information about the 

attraction and decide whether they wanted to visit it.  

During a survey we captured information from tourists regarding their 

use of tour services; with respect to what technology could offer them 

during a tour. Our survey found that bus tours were particular 

common as they are a useful means to see all the sights. Our survey 

found that tourists primarily enjoyed listening to the audio tour guide. 

The tourists also mentioned they liked to talk with companions about 

what they were seeing. A problem here is that the pre-recorded audio 

guide can be intrusive, effecting tourists social experience (i.e. talking 

with one another).  

When tourists were asked about the style in which information should 

be presented, "video images" received a positive response. It was 

believed that a visual output of tourist information would be less 

intrusive than an audio guide.  

We conducted interviews with bus drivers, as well as the managing 

director of the tour company and the chief engineer. The proposed 
system was received with much enthusiasm from all members of staff 

we spoke to. The staff believed the system would increase the user 

experience, therefore resulting in a more appealing tour, increasing 

customers and therefore profits.  

While the Bath Bus Company was enthusiastic about our proposed 

system, they also had their doubts in terms of its practical 

implementation. One concern was the reliability of GPS in Bath. Bath 

is quite hilly and has many tall buildings. Such an environment gives 

rise to a high potential of GPS shadows. It was an important client 

requirement that the system did not play incorrect tourist 

information. Therefore it was essential that we developed an 

algorithm to ensure the delivery of the correct information, at the 

correct time. A further concern was the effect of the road surface on 

the video playback. Bumpy roads could result in the video skipping, 

leading to a poor user experience and portraying an unprofessional 

image on the company. It was therefore decided that flash memory 

should be used over disk memory.  

The context-aware tour bus system we developed consisted of two 

major hardware components: a tablet PC with a USB Bluetooth 

dongle; and, a Bluetooth GPS receiver.  

The tablet PC was used as a display for the video tour information. 

The idea was that several displays would be located around the bus 

providing a suitable interaction space for a number of tourists (Note: 

it was a user requirement that the user should not have to interact 

with the system per se. The users requested the technology 'pushed' 

information, rather than requiring the user to 'pull' information).  

The location of the tour bus was tracked using a Bluetooth GPS 

receiver. GPS receiver could be positioned in the most suitable place 

on the bus (e.g. the roof) allowing for the best possible GPS lock. The 
GPS coordinates where then transmitted via Bluetooth to the tablet 

PC.  

The context-aware tour application presented custom-made videos of 

tourist attractions along the Bath Skyline tour. The videos were made 

using high quality digital images. Textual overlays were added 

containing key facts about each tourist attraction. In addition to the 

tourist attraction videos, we had additional videos containing general 

facts about the city of Bath.  

Videos were played when the bus entered a GPS hotspot. The position 

of the hotspot was determined by two factors: 1) the length of the 

video to be played for a particular tourist attraction; and, 2) the 

average distance travelled by the bus from the time to play the video. 



average distance travelled by the bus from the time to play the video. 

This allowed videos about up-and-coming tourists attractions to be 

played to the tourists, informing them of what was coming up. This 

allowed tourists to decided if they would like to visit the up-and-

coming tourist attraction; and, was played before reaching the tourist 

attraction as to not distract them when they actually arrived.  

The GPS receiver would send a GPS string via Bluetooth, which was 

parsed by our application. The program could detect when a hotspot 
had been reached if the longitude and latitude fell within the area of 

the four perimeter points of a hotspot. When the tour bus was within 

a hotspot the associated video promoting the up-and-coming tourist 

attraction was played.  

To account for weaknesses in GPS, such a GPS shadows, and weak 

satellite locks, multiple hotspots were used for each tourist attraction. 

Three hotspots were used in close proximity of each other for each 

tourist attraction - two minor hotspots and one major. The major 

hotspot was the last hotspot before the tourist attraction, where the 

video for the appropriate tourist attraction should be played. The two 

minor hotspots acted a failsafe. When the tour bus enters a minor 

hotspot an associated timer is started, which counted down the 

number of seconds it should take the bus to reach the major hotspot. 

If the GPS receiver had lost satellite signal and the major hotspot was 

not detected, when the timer reached zero the associated video was 

played.  

Driving time between tourist attractions could be in excess of ten 

minutes. This time would cause the system to be inactive. Therefore, 

during this downtime we played fact videos about the city of Bath.  

Through ethnographic observations and reviewing advertising 

material from the Bath Bus Company we developed a firm 

understanding of the environment we were designing for - 

understanding the existing social practices and the goals of the tour. 

Using techniques such a surveys, interviews and engaging in low-

fidelity prototyping techniques an understanding of our users and 

clients was developed and in close collaboration with them we 

developed a system, which maximized the experience of the tour, 

whilst not changing users core behaviour.  

The system was initially evaluated on one of the Bath City Sightseeing 
tour buses. Our software was installed onto a laptop and 12 users 

(run in groups of 4) were invited to use the system during a tour of 

Bath. We observed the users interactions with the system and 

concluded the evaluation by administering a questionnaire to each 

user.  

Our evaluation of the system identified the usefulness of using 

context-aware services to provide informative information to tourists 

before arriving at the attraction itself, allowing them to appreciate it 

when they arrived. We observed our users both watching the system 

when content was provided and looking at the tourist attractions 

when the tour bus arrived. Most comments received from users were 

encouraging. For example, our users said the system was 

"informative" and "gave them something to do", promoting the 

positive aspects of the experience. Although the our users did not 

leave the bus during the evaluation, many expressed in the 

questionnaire that their decision would have been influenced once the 

system had made them aware of what was at each stop.  

Our users did have a couple of criticisms of the system. Firstly, users 

felt the system could be incorporated into existing audio systems on 

the bus allowing for a more integrated tour experience. Secondly, 

users found the video timing to only be appropriate at times. This was 

due to the videos sometimes starting a long time before the bus stop 

reached the associated tourist attraction - a result of the bus being 

stuck in traffic. The mechanism of using three hotspots that were 

designed did ensure that the videos were played, however it was not 

able to alter the timings to take the speed of the bus into account. 

Improvements to our algorithm could overcome this problem.  

Overall, our system showed promise for a successful integration into 

the tour bus experience. Its non-intrusive design complemented and 

enhanced the tour providing useful and relevant information to users 

as needed while not interfering with the primary aim of the bus tour - 

seeing the sights of Bath.  



seeing the sights of Bath.  

To conclude it is our recommendation that in order to design and 

develop systems, which enhance a user's experience, we must have 

clear understanding of how technology can be integrated into our 

existing environment. In order to enhance a user's experience it is 

important to see how technology can be used to complement and 

enhance our current experiences, rather than integrating technology 
into an existing ecology forcing change.  
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User Centred Design concerns in Ambient 
Intelligence Environments

Irene Mavrommati, John Darzentas

Abstract  

This paper aims to raise awareness in the community of AmI 

researchers by attempting to provide a comprehensive overview of 

issues that relate to the current AmI HCI research.  

AmI vision and the end users  

Ami vision highlights that computers will be everywhere (in objects of 

various sizes, from keys to cars, to buildings). These computers will 

be invisibly integrated into everyday life and will be supporting people 

in their activities, as diverse as these activities may be. The main 

components of this vision are [8]:  

Reliable robust hardware with long lasting power supplies and of 

different sizes (possibly self managing or energy harvesting)  

Wireless and wired communications between computers, with 

collaborating different networks  

Intuitive interfaces easily used by everybody (multimodal 
interfaces, that include various sensors as well as biometrics)  

Embedded intelligence capable reasoning about people 

unobtrusively, so as to provide them with services when needed, 

assist in controlling interfaces, and in from the systems 

perspective manage communications and maintenance (i.e. self-

repairing)  

This vision implies less direct and less conscious user input than the 

current systems. It is obvious from the above that the human factor 

is a crucial element in the construction of an ambient intelligence 

world, and needs to be taken into account early in the research and 

development process of AmI systems. The success of ambient 

intelligence will depend on how individuals perceive AmI 

environments, whether they trust it and how willing they are to adopt 

and use AmI (via appropriate user experiences and interfaces). In 

turn people_s trust depends on how secure the AmI world can be 

made, and how privacy and individual rights can be protected, as well 

as to the degree of trust to appropriate intelligent decisions made at 

the background of their attention [8]. Trust is a vital factor for people 

to live uninhibitedly in AmI environments.  

Yet, AmI manifests itself via wireless networks and electromagnetic 

fields around artefacts; potentially this may imply increased radiation 

on individuals. With the exception of the problematic raised by a few 

design-noir artefacts like the _Faraday_ and _Nipple_ chairs and the 

_electro-drought excluder_ (_Placebo objects_ and _Herzian Tales_), 

that raise the issue of the human concern and feeling of insecurity 

that may result increased living in electromagnetic radiation 

environments (Dunne and Raby [3]), it has to be noted that health 

and safety issues pertaining living within pervasive AmI environments 

are not addressed, or mentioned as an issue.  

Interaction channels, input and output  

The input has changed. Forms adopt a variety of mobile devices up to 

even static surroundings. It has embraced artifacts not traditionally 

perceived as computers (i.e. the sensing wall, the floor), that may by 

themselves not have actuating capabilities (i.e. in the form of a 

screen).  



The output may be ubiquitous and therefore may be not noticeable by 

end users (there may be no display, no sonic or visual or mechanical 

feedback present or may be away from the users focus of attention).  

Unlike some parts of Weiser_s vision [12], it may not be appropriate 

to the nature of many artefacts to have screens added to them, Such 

an interface approach applies to the specific category of information 

appliances, and although it is convenient for interaction, it does not 

always fit in the nature of objects and environments of the 

disappearing computer. The design of the object_s form and physical 

properties will also affect the interaction. In fact the design of objects 

_ which constitutes their interface _ may have to be reconsidered so 

that their new capabilities can be promoted to the user (indicated by 

appropriate elements for the nature of each object) [6]. In this broad 

picture, information appliances (Sharpe [9]) as we know them are 

only a subset of these objects. Current information appliances are 

often screen-dominated. The AMI research agenda seems to impose 

screens everywhere (in very varied sizes, but in great abundance) 

into people_s everyday environment. Yet, there is a subset of AmI 

objects that is beyond the point of on-screen-feedback. There are 

many examples of artifacts that may have sensors but not actuators 

(i.e. a floor or a table with added sensors, an object with a mere 

added RFID tag, etc), and therefore the screen -implying an interface 

that conveniently leads the interaction with many information 

appliances- is not present. This can be a challenge for designers; this 

involves a holistic approach, whereby the tangible interface of the 

object not only provides for an optimal user-experience, but is also 

assuming the role of the interface to a larger set of interconnected 

causes and effects.  

Most objects in our everyday lives have been designed for specific 

tasks; but this specificity constrains the ways in which we might use 

them. In general, everyday objects can be used in different ways, 

providing that the limits of their physical properties are not violated 

[6].  

As objects become AmI objects and spaces become Digital Territories, 

people have to learn any new ways in which the can be use and 

inhabit them (that may have to be indicated by appropriate new 

affordances), as well as the tasks these might participate in. People 

will be interacting at the same time with individual objects and spaces 

as well as with the AmI applications of the environment [6].  

AmI environments may use audio, visual, haptic, kinaesthetic, 

biometric input, and have audio, visual, haptic, electromagnetic, 

mechanic output. The more holistic the input and output gets, the 

more complex the interaction approach becomes. Nevertheless this 

gives ample space for experimentation. Experimental interactive art 

thrives with using these opportunities, while experimentation in 

industrial design has brought many interesting results _often 

concerned about the nature of displays being ubiquitous, non 

obtrusive and aesthetically rich (i.e. Jereminco_s dangling string, or 

the Tilting picture frame of Gaver).  

As the interaction channels becomes more and more haptic and 

kinaisthetic, the interaction within AmI becomes richer. According to 

the availability -or not- of the input/sensing channels and 

output/feedback channels the interaction within AmI ranges from 

intended to not intended and from conscious to not conscious.  

A shift towards implicit interaction  

In AmI there is more than one user for an application. There are 

several organizational concerns exposed: of single users, but who 

may also operate in larger groups (CSCW research input can prove 

useful in understanding the latter). The input in AmI is distributed. 

Interaction within AmI can be conscious or not: the user may not 

always be aware that their action is in fact an interaction within the 

AmI environment.  

In the Model-World metaphor for example (Hutchins et al [4], the 

interface is itself _a world where the user can act, and which changes 

the state in response to user actions. Appropriate use of the model 

world metaphor can create the sensation with the user of acting upon 

the objects of the task domain themselves. This aspect is called direct 

engagement_ [2]. In AmI the direct engagement is not with the 



engagement_ [2]. In AmI the direct engagement is not with the 

model world metaphor, but with the world itself. In the real word the 

input is physical, yet in the AmI world physical action gets converted 

to digital information too, and has consequences as an action of direct 

manipulation. Here the physical world becomes the interface of the 

AmI system, but is more than interface, as it cannot be separated 
(mentally or physically) from the physical environment.  

As [2] puts it: In Ubicomp the user does not know where the 

computer is. It is the computing infrastructure that permeates over 

the physical environment, so that people do not notice it any longer. 

It is Utility that leads to invisibility (ubiquity), and hence the term 

Disappearing Computer used by the so called European initiative. The 

potential is what can be done with a number of objects in any place 

the user may be (be it the home, the car, or even one_s own body). 

The user may be unaware where the interaction is taking place (i.e. 

via gestures, sensors, movement detectors, secret cameras). The 

implicit nature of interaction implied by sensing and physical action 

creates a human computer relationship so seamless that there may 

be no conscious interaction at all.  

Thus, we are witnessing a radical shift in HCI: the basic models of 

interaction that have proved universal across technologies are 

questionable for AmI [2], [1], [10]. Below we highlight the main 

changes from traditional HCI, as described in [2]:  

The focus becomes that of activities, rather than tasks  

An emphasis is given to the design of continuously available 

interaction  

There are no starting or ending points for interaction in AmI 

environments  

Interruptions and Multiple actions can be in operations, that are 

loosely connected (no longer in terms of achieving certain goals)  

Multiple perspectives are on operation, that imply the reuse of 

information, for different functions (i.e. associative models of 

information are needed)  

Theories such as Situated Action theory (Suchman [11]), and 

Distributed Cognition theory (Lave [5]) are being explored by the AmI 

community as being more appropriate in order to understand the 

interactions that take place in AmI environments. The above 
theoretical standpoint is that people do not act on the world, but act 

with the world. Thinking, according to Distributed Cognition theory, is 

not just within the head, but in the external relationships with things 

in the world and with other people. People are in constant dialog with 

the physical environment; they use this information stored in 

artefacts and their physical location to trigger and guide their actions 

[2]. In this context incidental interaction that happens within an AmI 

environment has an importance that becomes considerable for the 

system design.  

Widely used models can now prove inadequate  

As mentioned before, increased connectivity between people and 

spaces blurs the physical borders of observability, while the sheer 

quantity of information transfer makes this an impossible mental load 
to handle. Ubiquitous networks will need to track and collect 

significant data from users_ activities. A pervasive network of 

interconnected devices and communications will mean that the sheer 

quantity of information in circulation will increase greatly [12] and 

beyond the human perceptive capability (due to information 

overload).  

AmI system design has to face grave challenges regarding the 

system_s usage, as to how can users control the AmI system (i.e. 

with appropriate means, or aided by intelligent agent interfaces), how 

can they predict what the complex networked artefacts will do, and 

how the whole AmI system in turn will function appropriately and 

unobtrusively, providing for qualitative experience and safeguarding 

its user_s privacy (i.e. avoiding stress and confusion in order to 

achieve actions, avoiding errors, and facilitating recovering from 

them).  



A good case for study is Norman_s [7] model of interaction that is 

widely used in HCI: the so called execution-evaluation cycle. The 

execution-evaluation cycle splits the interaction into a sequence of 

sub-actions, each of them being a result of a specific user intention. 
Initially the user is forming the goal, and then forming a sequence of 

intentions, followed by specific actions, the user proceeds in executing 

these actions, and perceiving the state of the system after these 

actions are performed (change state, communicated to the user via 

appropriate feedback). The user then interprets the new state of the 

system and finally evaluates the outcome comparing it to his/her 

initial goal (to what extent the goal is achieved).  

Belloti et al [1] presented a model for interaction (that is more 

appropriate for the design of AmI interaction as a replacement of the 

widely used in traditional HCI Norman_s _7 stages of execution_ 

model), with an emphasis on communication rather than cognition.  

Belloti [1] attempts to re-think Norman_s _7 stage_ interaction 

model, focusing more in interactions that are more appropriate for 

AmI environments. Belloti suggests the following five interaction 

challenges for AmI researchers, and exposes a subsequent number of 

design challenges, that designers should address:  

1. Address - how to direct communication to a system) 

Disambiguate signal to noise  

Disambiguate intended target system  

How not to address the system  

2. Attention - establishing that the system is attending 

Embody appropriate feedback, so that users are aware of 

system_s attention  

Direct feedback to user_s attention  

3. Action - defining what can be done with the system 

Identify and select a possible interaction object  

Identify and select one action and bind it to the object(s) 
and avoid unwanted selection  

Handle complex operations (i.e. multiple objects and 

actions, more abstract functions)  

4. Alignment - monitoring systems response 

make the system state perceivable  

Direct timely and appropriate feedback  

Provide distinctive feedback on the response (results and 

state)  

5. Accident - avoiding errors and misunderstandings, or, if they 

should happen, recovering from them 

Control or cancel system action that is in progress  

The system intervenes when user makes obvious error  

Disambiguate what to undo, and do so in time  

Some possible pitfalls for AmI, that are identified in the Belloti model 

as possible problems, are: unintended actions, leading to undesirable 

results, failure to execute an action, limited operations available, 

wasted input effort in a non-attending system, inability to detect 

mistakes, difficulty in evaluating new state, inability to detect 

mistakes, and to recover the previous state.  

Conclusions: A Few Points To Consider For HCI In AmI  

The paper aims to raise the awareness for HCI in AmI. It is addressed 

to AmI researchers of all related fields; (AmI computer system 

engineers designers and analysts, AmI communication network and 

AmI sensor network engineers, as well as HCI experts and AmI 
experience designers), attempting to give a comprehensive 

summative overview of issues that relate to the current AmI HCI 

research.  



research.  

1. A clear vision and HCI guidelines (in the form of a few basic 
principles for AmI interaction) is still needed to be established 

in the field. To establish it, it would take considerable targeted 

effort coupled with newly gained experience from working with 

AmI systems  

2. Stepping away from existing HCI models, or at least viewing 

them critically, is essential. The adoption of appropriate 

theories for AmI (such as Situated Action and Distributed 

Cognition theory) seems to be crucial to gaining a better 

understanding of AmI interactions on which to base research 

[2].  

3. Try to clarify interaction issues in order to address them later 

in detail, in the course of the design of the AmI system. A 

good starting point is the five interaction issues and 

subsequent exposed challenges as described in [1]: 
Addressing the system, Attention, Action, Alignment, Accident. 

References 
 

1. Bellotti, V., Back, M., Edwards, W.K., Grinter, R.E., 

Henderson, A., Lopes, C., (2002). Making Sense of Sensing 

Systems: Five Questions for Designers and Researchers. In: 

Proceedings of the Conference on Human Factors and 

Computing Systems (2002) pp. 415-422  

2. Dix A., Finlay J., Abowd G., Beale R. (2004) Human Computer 

Interaction, 3rd edition, Pearson / Prentice Hall publications.  

3. Dunne T. and Raby F. (2001): the Placebo project (2000-

2001) and Hertzian Tales (1996-1999) project, see 

http://www.dunneandraby.co.uk  

4. Hutchins E., Hollan J., Norman, D. (1986) Direct Manipulation 

interfaces. In User Centered System Design, Norman D, 

Draper S. (ed). Lawrence Erlbaum Associates, Hilsdale, NJ pp. 

87-124  

5. Lave J. (1988) Cognition in practice: mind, mathematics, and 

culture in everyday life. Cambridge University press, 

Cambridge.  

6. Mavrommati I., Kameas A. (2003). The evolution of objects 

into Hyper-objects: will it be mostly harmless? In Personal and 

Ubiquitous Computing. ACM, Volume 7, Numbers 3-4. 

Springer-Verlag London Ltd. pp: 176 _ 181.  

7. Norman D. (1990). The design of everyday things, Doubleday, 

N.Y.  

8. Safeguards in a World of Ambient Intelligence (SWAMI), 

(2006). IST Deliverable D1: the brave new world of ambient 

intelligence: A state of the art review. Friedewald M. 

Vildjiounaite E., Wright D. (Ed). to be found in: 

http://swami.jrc.es  

9. Sharpe B., (2001) Information Appliances: an introduction. 

Appliance Studio White Paper, at 

http://www.appliancestudio.com/publications/whitepapers.htm 

10. Scholtz J, Consolvo S. (2004). Towards a discipline for 

evaluating ubiquitous computing applications. INTEL white 

paper, IRS-TR-04-004. To be found in: http://www.intel-

research.net/Publications/Seattle/022520041200_232.pdf  

11. Suchman L (1987). Plans and situated actions: the problem of 
Human Machine Interaction. Cambridge University Press, 

Cambridge.  

12. Weiser, M. (1993). Some Computer Science Issues in 

Ubiquitous Computing. CACM, 36(7), July 1993, pp 75-84  



 

Figure 1: Interaction 

Design requires input from 

science, engineering and 

design disciplines

Educating Multi-disciplinary Design Teams 
(part 1): Component disciplines

Wendy E. Mackay

Designing interactive software is complex, requiring an understanding 

of human beings, software systems and the interaction between the 

two. Understanding people involves input from at least three social 

sciences. Psychology explores how the human sensory motor, 

perceptual and memory systems work, Sociology explores how people 

interact with each other, and Anthropology explores how people 

operate in the context of their daily activities. Developing interactive 

software also requires input from software engineering, including 

system architecture, programming languages, interaction techniques, 

as well as distributed computing and the use of a wide variety of 

hardware input and output devices. Creating innovative and 

aesthetically-pleasing designs requires input from trained designers, 

including graphic or interaction design and increasingly architecture 

and industrial design.  

No single discipline provides all the necessary expertise: designing 

interactive software requires a multi-disciplinary approach. However, 

forming and managing multi-disciplinary teams has its own problems. 

Someone trained exclusively in one of the necessary disciplines is 

likely to interpret the design problem from within the framework of 

that discipline. This causes problems when people from different 

disciplines use the same words to mean different things or use 

different words to mean the same thing. As Djkstra-Erikson et al. [2] 
point out, "design" itself is a particularly troublesome word. Designers 

can only effectively communicate what they mean when they talk 

about the design of something: whether it is of the user experience, 

the screen layout, or the software architecture.  

Another problem is that different disciplines place different values on 

different aspects of design. Scientists are trained to seek explanations 

of existing phenomena, engineers are trained to provide technical 

solutions to well-defined problems, and designers are trained to 
explore a design space and find solutions that "work". When people 

from these different backgrounds come together, they often run into 

conflicts due to their lack of a shared definition the problem.  

Of course communication problems are not restricted to cross-

disciplinary teams. For example, although research scientists share 

some common characteristics when compared to engineers or 

designers, when compared to each other, we also see different 

priorities research methods. An experimental Psychologist who runs 

laboratory experiments values reliability and precision in the data. An 

anthropologist who studies people in field settings values context and 

the validity of the data.  

Designers too operate with different priorities. For example, if you ask 

a book designer, a video producer and a photographer to design the 

layout of a screen, they will choose different focal points of attention. 
A book designer is trained to emphasize text organised in a grid and 

"knows" that a reader will look for the most important information in 

the upper left-hand corner. A video producer understands the aspect 

ratio and visual quality of video and "knows" that the center of the 

screen is the hot spot. A photographer used to the flexible aspect 

ratio of film and the fine gradations in visual quality will consciously 

avoid the center and will placement of key items along diagonal 

across the screen. Of course, any individual designer will deviate from 

these design principles for any particular design. What is important to 

understand for us to understand is that these designers are starting 

from different underlying principles: when they break rules, they are 

breaking different rules. When these rules are not stated explicitly, 

other team members are likely to other designers processes and 

solutions.  

Component Interaction Design Disciplines  



Component Interaction Design Disciplines  

If we are to teach people to successfully participate in multi-

disciplinary design teams, we must go beyond the explicit content of 

each discipline. Students need to learn about the diverse underlying 

value systems of relevant disciplines and reflect upon how they 

interact at a meta level.  

Figure 1 shows some of the different disciplines that contribute to 

effective interactive system design. The three primary contributors 

derive from the social sciences, computer engineering, and design. 

From the natural sciences, we commonly find contributions from 

experimental Psychology (usually Cognitive Psychology, but 

increasingly Ecological Psychology and Activity Theory), as well as 

Sociology, Anthropology (particularly Ethnomethodology) and Human 

Factors or Ergonomics. From these social sciences, we borrow 

research findings, such as how people perceive information or how 

human memory works, as well as research techniques, such as how 

to run controlled experiments or conduct observational studies in the 

field.  

Designers who use research techniques from any of these scientific 

disciplines must distinguish between their use in a purely scientific 

context and as a resource to support design. The underlying 

assumptions surrounding how these techniques are used, and the 

goals of the research, may differ greatly.  

For example, a usabilty study is not the same as a Psychology 

experiment. In experimental Psychology, the goal is to learn about 

fundamental characteristics of human beings, which exist 

independently of the experimenter. Controlled experiments are 

performed to test theories of human behavior, with the idea that they 

can be replicated by other researchers, who will then challenge or 

support the theory with further experiments. In contrast, usability 

studies are designed to evaluate particular software systems. 

Sometimes, the system is compared to another system, but the 

studies are rarely fully controlled in the scientific sense. The purpose 

is not to test theories of human behavior but rather to find problems 

with the system that was built and to test the adequacy of a 

particular design solution. Usability studies are rarely performed with 

the idea that they will be replicated and extended, but usually stand 

alone. A usability study is considered successful if it offers concrete 

information about the success of the particular system design for a 

particular set of users, but need not contribute the our general 

understanding of human beings.  

Similarly, HCI professionals are careful to distinguish between 

ethnography and ethnomethodology [1]. The former consists of long-
term observational studies of people in different contexts, ranging 

from anthropologists observing indigenous peoples in the bush to 

observing white collar professionals at work. Researchers attempt to 

describe behavior, seeking to identify general characteristics of 

human behavior as well as specific incidents of unique behavior. One 

of the roots of the word "ethnography" is "graph", which means "to 

write". Ethnographers, as scientists, are expected to contribute to a 

constantly-growing body of research literature, in which they compare 

and contrast their findings with those of other researchers.  

Interactive system designers may profitably borrow observational 

techniques from ethnography, because they provide useful ways of 

observing and interpreting behavior in real-world contexts. However, 
the purpose is quite different. The designer uses ethnomethodology, 

i.e. methods from ethnography, to contribute understanding that is 

specific to the development of a particular software system. As with 

Psychology experiments, the particular techniques may be very 

similar but the context and underlying assumptions are quite 

different.  

Engineering poses a different set of problems. One concern is that 

engineers are usually trained to solve problems that have been given 

to them and are evaluated on the technical validity of their solution, 

not the relevance of the problem. Yet designing a system by strictly 

following a set of design requirements does not guarantee a 

successful product. Human users add complexity and unpredictability 

to the situation and solutions that appear correct on paper may not 

be valid in practice. Software engineers are not taught strategies for 

questioning the design problem, so they often find themselves solving 



questioning the design problem, so they often find themselves solving 

the wrong problems and ultimately failing to meet the needs of their 

users. Creating formal models of users and simulations of their 

activities provides a comforting feeling of having considered user's 

needs, until the software is actually used. Technical expertise is 

essential to the development of quality interactive software, but that 

technical expertise must be used to software the "right" problems.  

The design disciplines, such as graphic design and architecture, 

represent the third critical component of interactive system design. 
Unlike engineers, designers are trained to question the 'design brief" 

and come up with alternative solutions. They have a very hands-on, 

apprentice-based learning process, in which they create designs for 

their portfolios, which are critiqued by faculty and fellow students. 

However, in many design schools, the needs of the user are not 

reflected in the design brief, or if they are, designers are given few 

tools to actually determine those needs. Designers must develop their 

own methods for finding out about users and are not taught 

strategies for objectively comparing design decisions.  

Each discipline offers valuable skills and perspectives; each has the 

potential to miss important aspects of the design problem. Multi-

disciplinary design teams offer a solution, covering the full spectrum 

of design approaches, taking advantage of the strengths offered by 

each discipline while mitigating potential blind spots. However such 

teams pose another problem: participants must be able to 

communicate effectively with each other. The next section describes 

some of the issues designers face when attempting to work in a 

multi-disciplinary design team.  

Working in Multi-disciplinary Design Teams  

In the previous section, I identified some of the characteristics of the 

disciplines that provide fundamental contributions to interactive 

system design. Each have long-standing academic and professional 

traditions, with different values and specific research or development 

techniques. When someone trained in one of these "traditional" 

disciplines begins to work on the design of interactive software, he or 

she is faced with a problem: how to reconcile the differences between 

what was learned and how it is applied in the new design context. 

Most social scientists aren't taught the differences between research 

studies in a scientific and a software design context: they must 

discover this on their own. Similarly, engineers often discover that the 

design requirements are a moving target and they have not been 

given strategies for successfully developing code in such a dynamic 

environment. Designers may also be frustrated, since their work is 
suddenly subject to different kinds of critiques and evaluation than 

they faced in design school.  

As educators, we face the question of how to train people to become 

successful interaction designers. One strategy might be to try to 

develop expertise in all of the component disciplines, teaching 

scientific, engineering and design principles. However, it is unlikely 

that many individuals will become expert in everything: it is far more 

likely that individuals will show talent in one area. A gifted artist may 

be enjoy drawing and design but may find systematic observation of 

users or programming software to be difficult or uninteresting. 

Similarly, a trained observer of people may be able to contribute 

greatly to the understanding of the user's work, but may not be able 

to program or create elegant interface designs. A talented 

programmer may find talking to users or brainstorming interface 

design ideas equally difficult. So, while a few talented people may be 

able to contribute effectively in all areas, it is far more likely that they 

will find themselves contributing their expertise as part of a multi-

disciplinary design team.  

We have a different strategy, which is to continue training people 

from within their chosen major disciplines, whether scientific, 

engineering or design, but to increase their understanding and 

appreciation for the other disciplines. Students are exposed to 

different value systems and discuss how they may interact with each 

other.  

Although ensuring that each person understands the perspectives of 

the others is important, it is rarely sufficient. We have found it 

necessary to create design activities in which all members of the 

design team, including users, can participate equally. These design 



design team, including users, can participate equally. These design 

techniques are borrowed from the full range of sub-disciplines and we 

discuss with students the implications of using them in a design, 

rather than their original, context. We choose techniques that 

increase communication among participants and we encourage 

students to develop new techniques that cross disciplinary 

boundaries.  

Conclusion  

Designing interactive systems requires diverse expertise, which is 

why most successful design teams are multi-disciplinary. 

Unfortunately, managing such teams can be difficult, because team 

members often do not communicate effectively with each another. 

When we teach interaction design, we address this problem explicitly, 

with a two-fold approach: First, we explain the value systems and 

some of the key assumptions from the component disciplines, 

including social sciences, engineering and design. Second, we teach 

hands-on techniques, often with video, that place team members 

(and users) on an equal footing when expressing design ideas. We 

want our students to understand and respect the contributions of 

others outside their discipline and to be able to use design techniques 

that allow all team members to actively participate, whether 

observing users, generating new ideas, prototyping systems or 

evaluating them.  

In this first part, we presented the disciplines that serve as 

components of interaction design. The second part of this article 
describes some of these techniques, borrowed or inspired from 

various component disciplines described above.  
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Figure1: The interaction 

design process is highly 

iterative and requires 

techniques for finding out 

about users, generating 

new ideas, developing 

design prototypes and 

evaluating aspects of the 

system

Table 1: Design techniques 

derive from a variety of 

disciplines. Items with bold 

outlines are described in 

further detail in the text

Educating Multi-disciplinary Design Teams 
(part 2): Hands-on Interactive Design 
Techniques

Wendy E. Mackay

Interaction design is an iterative process, as illustrated in figure 1. 

Students, whether at the University level or professionals in the field, 

are expected to participate in all of the design activities, throughout 

the design process. Although the process is presented as circular, it is 

important to recognise that, once begun, the design team can and 

should revert to any of the earlier stages as necessary.  

We begin by "finding out about users", using techniques drawn from 

the social sciences and design. We then work on generating a design 

space and expanding it by creating new ideas. Once we have a 

suitably rich design space, we begin to select particular design 

directions and begin prototyping a design. At any point, we may 

decide that we need additional information about users or new ideas 

to help make design choices. At various points through the 

development, we evaluate our the design, beginning with early 

prototypes and continuing through to the final working system.  

Table 1 summarizes a set of observation and design techniques that 

we have adapted from various disciplines or have developed 

explicitly. We believe in the concept of "triangulation" [8], [10], in 
which we use multiple design methods to help us avoid particular 
design biases. We use these techniques in our own research and 

development work, as well as for teaching: these are the techniques 

that have stood the test of time. They are simple to use, speed rather 

than hinder the design process, and all serve to increase 

communication within the design team and among designers, users 

and various other stakeholders.  

(Note: The video-based techniques in table 1 are illustrated in a DVD 

tutorial by Mackay [11], available through ACM/SIGCHI.)  

Finding out about users  

The first phase of the development process involves finding out about 

the needs and desires of the future users of the system being 

designed. Sometimes a system already exists, sometimes not. In any 

case, it is important to find out about the context in which the system 

will be use in order to begin to define the design problem.  

From the social sciences, we use observation and interview 

techniques [13]. Video is a useful tool, although it should be used 
judiciously: I tell my students to only videotape what they are willing 

to later watch. With respect to interviews, we have borrowed a 

technique introduced by Flanagan [5] from the human factors 

community, called "critical incident technique". This and other related 

techniques are based on an important observation about people: if 

you ask people specific questions they will give you specific answers. 

You can then generalize or ask them to generalize for you. If you 

instead begin with general questions (such as "How do you use your 
email?") you will receive general answers that provide very little that 

is useful for designing a future system. So, when interviewing people, 

the key is to find specific objects, events or times that people can 

describe and elaborate on. This specific information that can then be 

woven into design scenarios.  

From design we have the notion of cultural probes [4] from Gaver 

and his colleagues. Here, the emphasis is not on collecting data but 

rather on involving future users and helping them generate 

inspiration for design. Cultural probes are specific objects, such as a 

map to create or a camera to take photographs, that users use to 

comment on their existing world and to generate ideas about future 



comment on their existing world and to generate ideas about future 

possibilities.  

We have been experimenting with a new method that we call 

technology probes [6] which attempt to incorporate both scientific 

data collection and design inspiration. For example, for our interLiving 

Disappearing Computer project, which studies technologies for 

distributed families, we have created simple, limited-functionality 

prototypes that we have placed in family members' homes. These 

probes provide direct, private links between households and enable 
sharing of video images or hand-written messages. Technology 

probes designed to both collect information, informing us about the 

communication patterns within the families, and to provoke new 

ideas, inspiring both the family members and us as designers to 

create new technologies to meet needs we had not previously 

observed.  

Once we collect information about users, we need to analyse or 

interpret it, not for its own sake but to inform design. It is important 

to preserve the context of the user's activities: we do not try to 

abstract out a set of abstract tasks, but rather seek to present each 

user's activities in context. The most effective strategy we have found 

is to develop scenarios [2], [7], which combine the experiences, both 

typical and unusual, of different real users. We begin by creating a 

"day-in-the-life" story, and then break the story up into an illustrated 

storyboard. Sometimes, we create video scenarios, either with video 

clips from actual observations or re-enactments of events we've 

observed. These scenarios provide an effective communication tool 
for all members of the design team, and give us a way to discuss 

what we've learned with the users [14], who can give us feedback 
and enrich the scenarios.  

Creating a design space  

The second phase of the development process involves the creation of 

a design space [1]. Here, the goal is to generate new ideas and to 

increase the set of design possibilities. Brainstorming [3] is the most 

common technique: The classic procedure involves a small number of 

people who are given a specific topic and a limited period of time. 
Everyone participates in generating ideas, all of which are captured 

on a blackboard or flip chart. Another variation asks everyone write 

down ideas individually and then share them with the group. A 

moderator ensures that all comments are constructive, that the time 

is spent generating ideas, not evaluating them, and that the session 

finishes on time. The time limit is very important: brainstorming is 

very intense and, if done well, will leave everyone energized and 

excited by the ideas, not tired and bored. Brainstorming usually has 

two phases: the first for generating ideas and the second for 

reflecting upon them.  

We have discovered [12] that the quality of the ideas change 
according to the way they are created. Verbally shouting out ideas, as 

recommended in classic brainstorming, is effective for rapidly 

generating large quantities of ideas, but the ideas themselves are 

poorly developed and often vague. People quickly lose the context in 

which the ideas were created and flipcharts from month-old 

brainstorming sessions are mostly useless. Drawing ideas rather than 
saying them requires more reflection and other participants often 

have an easier time understanding them. We push this further, by 

asking participants to show their ideas, via paper or more elaborate 

prototypes. This forces both idea-generators and other participates to 

concentrate on what it will be like for users to interact with the idea in 

question. Such ideas become more concrete and we find that they are 

more likely to inspire further ideas.  

For us, the most effective technique is video brainstorming [1] in 
which participants demonstrate their ideas in front of a video camera, 

using rapid paper or other prototypes. Not only does this produce a 

more valuable record of each idea, which can be reviewed and 

expanded upon later, but it is very effective for encouraging 

participants to think concretely about how users will actually interact 

with the proposed idea. Video brainstorming also forces active 

participation from everyone. Each idea has an author, who directs 

other members of the group to play the role of the user or the system 

to illustrate the interaction. Video brainstormed ideas allow 
participants to "sketch" interaction ideas and share them, even if they 

are not expert programmers or graphic artists. We have handed video 



are not expert programmers or graphic artists. We have handed video 

brainstormed ideas to programmers, who can rapidly prototype code 

and allow everyone to explore the ideas further. We also find this an 

excellent technique for working with users, who can contribute 

directly to the design process without any particular technical skills. 

Once the team is used to it, video brainstorming is only slightly more 

time-intensive than other forms of brainstorming, but we find it much 
more useful, since the resulting video record of design ideas 

continues to serve as a source of inspiration throughout the design 

process.  

Prototyping a design  

The third phase involves making choices: deciding to pursue some 

directions and omit others [1]. Unlike the idea generation phase, 
which values quantity not quality of ideas, the purpose of this phase 

is to explicitly narrow the range of possibilities and choose a particular 

path. The goal is to explore a more restricted design space, 

considering the details of each design decision and creating a 

grounded design that is both innovative and still makes sense to real 

users in real-world contexts.  

We use a variety of prototyping techniques, ranging from very rapid, 

paper prototypes to intermediate software prototypes, from "Wizard 

of Oz" [9] techniques to working systems. When we develop video 

prototypes, we revise the use scenarios that we created in the first 

phase of the design process and explore how a new design would be 

used in that context. We develop the system design and the scenario 

together, changing each to meet the needs of the other. Once we 

have several scenarios that illustrate the use of the new design, we 

create storyboards and prototyping materials, and illustrate the 

design ideas with a video prototype.  

This process is very effective for giving all participants in the design 

team, especially users, a voice in the process. Everyone can see what 

the design implications are for particular design decisions, and 

everyone can suggest and show alternatives. If people disagree, they 
can return to techniques from the earlier design phases to gather 

more information or generate alternative design ideas.  

Evaluating a system  

The final phase involves evaluating the design: is it a successful 

solution? Are there specific problems that need to be fixed? Do the 

users like it? We run various kinds of studies to answer such 

questions. Sometimes, it is important to run controlled experiments. 

However, usually, it is more important to simply find a number of 

users and watch them use the new system. We usually ask pairs of 

users to sit together and comment on the system out loud, which 

makes it easier for them to express their opinions to us. Normally, we 

ask them to try a set of tasks or run through several scenarios, and 

simply watch how well they are able to use the system. In addition to 

videotaping them, we use the computer to log their interaction with 

the software, so we can obtain quantitative data about errors and 
efficiency of different user actions.  

Another useful strategy is a design walkthrough, based on Yourdan's 

[15] work with structured walkthroughs. A "walkthrough" is a peer 
group review of a product: people at roughly the same level in the 

organization meet to systematically review and discuss a segment of 

software. One can review code, architecture or any aspect of the 

software, including video prototypes. The rules are simple, but 

important: Groups should be small (3-7 people), members of the 

group should be at the same level, the presenter should prepare in 

advance, everyone must be on time and the review should be limited 

to at most one hour. The goal of the walkthrough is to identify as 

many problems as possible, not to discuss solutions. Criticisms should 

be as positive as possible and should be restricted to the design at 

hand. Walkthroughs are similar in format to brainstorming sessions, 

but opposite in their goals: walkthroughs seek to find problems, 

brainstorming sessions seek to maximize the number of ideas.  

Conclusion  

This article has described our strategy for teaching interaction design. 

We begin with the recognition that design is multi-disciplinary and 

that few individuals can be expert in all of the necessary fields. We 



that few individuals can be expert in all of the necessary fields. We 

teach our students how to think about the design perspectives of their 

colleagues: what are the most important contributions of each design 

field and what are the potential sources of misunderstanding? We also 

teach specific, hands-on design techniques that draw from all of the 

component disciplines of human-computer interaction. The techniques 

described are explicitly intended to equalize the level of the 

participants, enabling everyone to actively contribute, including users. 

Using these strategies not only improves communication among 

members of the design team (and users!) but also improves the 

efficiency and effectiveness of the design process. People can explore 

a wider range of ideas, and select promising design solutions earlier, 

with greater relevance to users, using these design techniques. Of 

course, team members with specific skills in specific domains, such as 

interviewing, programming or graphic design, will not only be able to 

contribute their expertise, but will also benefit from knowing that 
others will recognize the value of their contributions. Finally, these 

techniques are fun; participants of multi-disciplinary design teams 

should enjoy designing interactive systems!  

Projet In Situ, Pole Commun de Recherche en Informatique du 

Plateau du Saclay, CNRS, Ecole Polytechnique, INRIA, Universite de 

Paris-Sud.  

References 

 

1. Beaudouin-Lafon, M. and Mackay, W.E. Prototyping 

Development and Tools. In J.A. Jacko and A. Sears (Eds), 

Handbook of Human-Computer Interaction. New York: 

Lawrence Erlbaum Associates (60 pages), 2002  

2. Carroll, J. Scenario-Based Design: Envisioning Work and 

Technology in System Development. NY: Wiley, 1995  

3. Clark, C. Brainstorming : How to Create Successful Ideas. CA: 

Wilshire Book Company, 1989  

4. Gaver, W. and Dunne, A. Projected Realities, Conceptual 

Design for Cultural effect. Proceedings of ACM Conference on 

Human Factors in Computing Systems CHI '99, p. 600-607, 

1999  

5. Flanagan, J. The Critical Incident Technique. Psychological 
Bulletin. 51(4). pp. 327-358, 1954  

6. H. Hutchinson, W. Mackay, B. Westerlund, B.B. Bederson, A. 

Druin, C. Plaisant, M. Beaudouin-Lafon, S. Conversy, H. 

Evans, H. Hansen, N., Roussel, B. Eiderback, S. Lindquist, Y. 

Sundblad Technology Probes: Inspiring Design for and with 

Families, Proceedings of ACM Conference on Human Factors in 

Computing Systems, CHI 2003, Fort Lauderdale (USA), April 

2003, CHI Letters 5(1), ACM Press, 2003  

7. Mackay, W. & Bodker, S. Workshop on Scenario-Based Design. 

In CHI'94 Conference Companion. Boston, MA: ACM Press, 

1994  

8. Mackay, W.E. and Fayard, A-L. HCI, Natural Science and 

Design: A Framework for Triangulation Across Disciplines. 

Proceedings of ACM DIS '97, Designing Interactive Systems. 

Amsterdam, Pays-Bas: ACM/SIGCHI, pp.223-234, 1997  

9. Mackay, W.E. Beyond the Wizard of Oz. CHI '86 Conference on 

Human Factors in Computing Systems. Boston, MA: 

ACM/SIGCHI, 1986  

10. Mackay, W.E. Triangulation within and across HCI disciplines. 

Human-Computer Interaction. Hillsdale, New Jersey, Lawrence 

Erlbaum Associates. Invited Commentary on the article: 

"Damaged Merchandise? A Review of Experiments that 

Compare Usability Evaluation Methods", W.D Gray and M.C. 

Salzman. Vol. 13, #3, pp. 310-315, 1998  

11. Mackay, W.E. Using Video to Support Interaction Design. DVD 

Tutorial, CHI'02 Conference on Human Factors in Computing 

Systems, Minneapolis, MN ACM/SIGCHI. 2002  

12. Mackay, W.E., Ratzer, A., and Janecek, P. Video artifacts for 

design: Bridging the gap between abstraction and detail. 

Proceedings of ACM DIS 2000, Conference on Designing 

Interactive Systems. Brooklyn, New York. ACM Press. pp. 72-

82, 2000  



13. Patton, M.Q. Qualitative Interviewing. In Qualitative 

Evaluation and Research Methods, Sage Publications, pp. 227-

359, 1990  

14. Westerlund, B., Lindqvist, S., Mackay, W., and Sundblad, Y. 

Co-design methods for designing with and for families. 

Proceedings of EAD'03, the fifth European Academy of Design 

conference, Barcelona, Spain, 2003  

15. Yourdan, E. Structured Walkthroughs. NY: Prentice-Hall, 1979  



 

Example of Graphic Design 

problem undertaken by 

students as part of tutorial 

programme

Example of Graphic Design 

problem undertaken by 

students as part of tutorial 

programme

Reflecting on Design

Alison Varey, Michael Smyth

Design and Creativity in HCI  

Many courses that include HCI education are still based around 

engineering-orientated design, which places an emphasis on 

functionality and analytical, rather than creative, skills. But user 

centred design embodies aspects of both creative and engineering 

design. Creative design can be seen as "the design space as explored 

through the creation of many parallel ideas and concepts" [1]. It has 
also been argued that "While user-centred design practices in HCI 

have recognised the interplay between designer and setting, they 

have tended to overlook differences between creative and engineering 

design" [2].  

Design is solution focussed and the early stages of the process 

involve concept generation and the ability to make judgements 

between alternative solutions. Central to this activity is the language 

with which to critique these concepts.  

So how can this be achieved, by adding modules from design 

disciplines into the HCI curriculum? Unfortunately, it can be difficult 

for students on computing courses to succeed on modules from 

creative design courses, as they do not have the requisite 

draughtsmanship or creative design skills.  

Multidisciplinary teams can be created to collaborate and share 

contrasting and complementary skills. For instance, over a six-week 

period, students from MSc Multimedia and Interactive Systems course 

worked in tandem with Undergraduate students enrolled on a design 

course within the School of Design and Media Arts to produce a 

concept and software prototype for an interactive installation for 

Wembley Stadium. Although, in the main it was successful, there are 

a number of logistical problems in organising shared assessments and 

some students found working with students from another discipline 

both difficult and frustrating.  

Therefore there is a need to create bespoke modules suitable for HCI 

students that nurture creativity and inculcate design thinking. These 

modules need to be based around reflective practice where students 

create design artefacts and learn to critique themselves and others 

and communicate the nature of the design solution.  

Experiential Design Module  

In 2000 the BSc Hons Human Computer Systems course was 

developed as a named route within the Computing suite at Napier 

University. As part of the course, a specialist module entitled 

Experiential Design was introduced to complement other modules 

such as Customer Centred Design and Interaction Design.  

This module aimed to expose students of HCI to design in its widest 

sense and to provide them with a language with which to rationalise 

and critique design. This wide brief allows the lecturers to exploit the 

most appropriate contemporary and current design available at the 

time of running the module. The module currently runs on the BEng 

Multimedia Systems, BSc Multimedia Technology and BSc Human 

Computer Systems courses. It is delivered by lectures, tutorials and 

outside visits and assessed by a showcase or product portfolio.  

The portfolio style of assessment has been introduced this year as an 

appropriate means of assessing the design skills of the students. The 

students compile their portfolio by selecting the most suitable design 

pieces, outlining the criteria for their selection and assessing their 

quality (design critiquing). The final section of the portfolio is a 

reflective summary, which is their commentary on the process of 



reflective summary, which is their commentary on the process of 

learning and how they can apply what they have learnt to the design 

of interactive systems.  

The lectures and tutorials introduce a number of different aspects of 

experiential design. Students can use these as starting points for their 

submission. However, they are expected to research into their chosen 
areas in more depth.  

Tutorials  

It was decided that the tutorials should not develop design skills 

solely by practical work but to heighten the students' sensitivity to 

design and develop their ability to justify and appraise designs 

through a range of diverse activities. The tutorials can be classified in 

the following ways:  

active and creative design exercises  

critiquing existing design  

exploring the design process  

re-appropriation of design  

The tutorials are based on the view that students need to learn 

through doing, reflecting on action and getting appropriate and timely 

feedback on their work.  

Active and creative design exercises  

Short visual thinking exercises are introduced to help students think 
creatively by solving communication problems through 

experimentation and exploration. Students are asked to generate 

possible solutions and represent their concepts or ideas in a visual 

form. These exercises are deliberately designed not to rely on 

draughtsmanship skills but to encourage students to generate 

solutions that are memorable, have impact and visual interest and 

communicate the appropriate message. All exercises require students 

to present their work to the rest of the tutorial group so that they can 

get feedback on whether they have successfully managed to 

communicate their message.  

In the first exercise, students have to create graphic images, using 

four black squares of the same dimension, to express the meaning of 

words such as order, tension, playful and bold. The task purposely 

limits the variables to encourage students to be creative and to 

develop design skills such as framal reference, illusory space, contrast 

and the dynamics of relationships. It also requires the students to 

select their most effective solution, developing their critical and 

reflective skills. Some examples of the output of the tutorial session 

are provided in Figure 1.  

The second exercise involves selecting and cutting out sections of 

colour from magazines to create a colour scheme to represent 

different moods such as tender, urban, threatening or happy. Again 

students have to "show and tell" their work to the tutorial group. The 

other students and lecturers have to state which mood the colour 

scheme represents, express what they like about the work and 

discuss how it could be improved.  

Finally, students take images and segments of colour from magazines 

to create mood boards to represent emotions such as fear, jealousy 

and anger. In the future, more objects and materials will be used in 

this exercise.  

These exercises have been effective in getting students to think more 

deeply about visual communication and students have enjoyed being 

away from machines in a more creative relaxed atmosphere. Next 

year it is intended to try some further exercises, such as "doing the 

unexpected" such as cropping images in an unexpected manner to 

create interesting abstract imagery or changing the scale to create 

the element of surprise.  

Critiquing existing designs  



Critiquing existing designs  

The aim of the module is to introduce students to the cultural 

significance of design and provide them with a language with which to 

justify and critique design. This design language allows them to 

communicate and collaborate more effectively with designers from 

other fields. In order to do this, students are presented with examples 

from diverse areas of design, such as architecture, product design, 

graphic design and website design.  

At the start of the module, students are asked to bring in objects 

which they consider to be good and bad design. Usually, the good 

design examples are described in terms of form and function. 
Expressions such as looks good, feels right, has memories, is cool and 

functional are used. They are able to distinguish between good and 

bad design but sometimes lack the language in which to explain why.  

Later on, they are asked to review the composition and layout of a 

magazine. They select a page or two they like and present it to the 

tutorial group, explaining why they like the design. By then, the 

lectures have introduced them to visual components, visual contrasts, 

perceptual organisation, visual hierarchies as well as layout principles 

and they are much more able to express their opinions. They are able 

to describe what they believe the graphic designer was trying to 

communicate, what techniques and principles the designer has used 

to achieve the message and the relationship between form and 

content.  

Finally, students evaluate websites in terms of their visual appearance 

and emotional impact rather than focussing on the functionality.  

The design process  

As part of the tutorial programme the students watch sections from a 

television series produced by the BBC, entitled "Designs on Your ...". 

This series followed the product designers Richard Seymour and Dick 

Powell as they attempted to re-design everyday objects, ranging from 

a bra, an aircraft seat and a toilet. Particular emphasis is placed on 

the early phase of the design process where the designers try to fully 

understand the nature of the problem through initial discussions with 

the clients and then through the production of a series of prototypes.  

Additionally, the students view Kitchen Stories, a film that explores 
tensions between the collection of qualitative and quantitative data in 

a real world situation.  

Students also visit the Masters of Design Exhibition which contains 

work from students from the Edinburgh College of Art. This provides 

an opportunity for our students to observe the art students' creative 

design processes. The exhibition pieces are supported by student 

diaries and sketchpads documenting their inspirations, how research 

has impacted on their work and what other solutions had been 

explored. Our students can also see the variety of methods that the 

art students select to communicate their ideas through the medium of 

their designs.  

The re-appropriation of design  

Urban skateboarders are used to illustrate the concept of re-

appropriation of design. In particular, how this process occurs and 

what this implies for the design of public spaces. Students watch 

sections from the Stacy Peralta's film "Dogtown and the Z boys". This 

film documents the changing nature of skateboarding and students 

are instructed to focus on the use and re-use of the urban 

environment and the body-centric nature of the language used by the 

skateboarders to describe their experience of the interaction.  

Portfolio Assessment  

As outlined earlier, the students' portfolio consists of three display 

pieces that represents the skills developed through the module and 

demonstrates that they have met the learning outcomes of the 

module. To help them, they are given eight suggestions of what they 

could include but they are also offered free choice. The suggestions 
are:  



are:  

Thoughtless acts - things being used in unintended ways  

Critique of the design process - including "reflection in action" and 

"reflection on action" [3]  

The re-appropriation of public space  

Analysis of product design  

Critical evaluation of the visual design of an interface  

Design or re-design of the a visual interface to a system  

Review of an exhibition, magazine or ad campaign  

Use of colour to create emotional impact  

These options are associated with the tutorial sessions and lecture 

material and enable students to develop the areas in which they are 

interested. The style of the portfolio is left up to the students and can 

be in the form of an interactive multimedia product or a mixed media 

submission.  

Early Reflections  

As yet, the students have not submitted their portfolios but they have 

attended an early review session. This has given them an opportunity 

to discuss their ideas and get early feedback on them. Some students 

have embraced the portfolio concept but others would have preferred 

a less open-ended assessment. It will be interesting to read their 

reflective summaries to see how they think the experience of the 

module will impact on their design of interactive systems.  
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Teaching Design for HCI

Darelle van Greunen

Background  

I joined the Department of Computer Science and Information 

Systems at the then University of Port Elizabeth in 1997. During my 

time in the Department I completed an honours degree with the focus 

on delivering education using videoconferencing. My interest in HCI 

was sparked during this time, as I could see how the students were 

struggling with the various software interfaces as well as their own 

postgraduate development projects. I completed a Masters degree in 

Computer Science in 2002 with the title "Formal Usability Testing of 

Interactive Educational Software: A Case Study Approach" which 

entailed a methodology for usability testing of interactive education 

software. My current PhD studies is focused on developing a process 

model for interaction design of the Information Architecture of Web-

based Learning Environments (expected date of completion April 

2007).  

I have always been interested in understanding the diversity of user 

experiences in South Africa. My work at the NMMU focuses on user 

interaction design and usability evaluation (I initiated the first 

Usability Engineering course in South Africa at the university). Not 

long thereafter, demand from local industry led me to develop a short 
course on user interface design and evaluation. Currently, I am in the 

process of developing curricula for industry-based short courses on 

interaction design. I have developed and taught the following 

courses:  

Postgraduate projects: a project-focused university course for 

postgraduate students that focuses on the design of interactive 

application interfaces with specific emphasis on User Interface 

Design, Evaluation, and Implementation in different domains 

varying from web design to mobile interfaces to GUI to touch 

screen technology.  

Computer Aided Learning Design - a university course for 

postgraduate students with the focus on the structure and design 

of Computer Aided Learning software. Students explore different 

CAL methods and design new interaction techniques for existing 

software.  

Human-Computer Interaction - a university course for 

postgraduate students that surveys research and issues from the 

whole range of HCI.  

User Interface Design and Evaluation - a university course for 

undergraduate and postgraduate students that focuses on the 

design of interactive application interfaces, with a course-long 

project and coverage of management/budget/cost justification 

issues.  

An Introduction to User Interfaces - a short course/tutorial that 

provides a high-level introduction to the material from the UI 

Design and Evaluation.  

These courses were heavily influenced by books, syllabi, and curricula 

provided by others. In particular, the courses make use of books and 

talks by Ben Shneiderman, Deborah Mayhew, Jenny Preece, Alan Dix, 

Jeff Rubin, Carol Barnum and several others.  

The rest of this position article reflects the use of some design 

exercises from the respective courses.  

The teaching process  

Teaching design of interactive systems in a developing country is a 

challenging task. The design depends not only on the tasks 



challenging task. The design depends not only on the tasks 

undertaken and on the experience of the intended users, but as much 

on the context in which the tasks will be carried out (e.g., the work 

environment, other systems in use, and time pressures).  

I make use of case studies to help students see a variety of examples 
of good and bad designs, and expect students to generalize from the 

cases. Students do struggle at times to generalize without substantial 

guidance. I also teach fundamental principles and good design 

heuristics. This is clearly a necessary component for students who are 

firstly computer programmers and who give little thought to design. It 

is extremely valuable to discuss human characteristics and limitations 

(e.g., human memory, colour perception) and to review and discuss 

some effective design heuristics ranging from the use of standard 

components to heuristics about layout and colour.  

To ensure that the students understand their intended target 

audience when developing software, we follow the User Centered 

Design process in all its phases with a strong emphasis on the 

iterative process. This approach addresses design from the analysis of 

user requirements and the tasks they do, to identification of possible 

improvements through system development, prototyping and 

evaluation. It is an iterative process. Students learn quickly that they 

are expected to learn, use, and understand a design process that will 

lead to better interfaces and user satisfaction. To keep this process in 

focus requires several structural components in the course. Students 
always receive regular feedback at each step in the design process 

and are expected to prepare specific deliverables for the different 

phases of the development cycle.  

One positive consequence of the course structure is the discipline it 

imposes upon the students. Many students commented (in course 

evaluations) that the rigid structure was the only thing that prevented 

them from putting of the design of the interface as they implemented 

it. The structure also seems to be an effective message to explain 

why the first part of an interactive interface project does not generate 

or require any code.  

The most critical element of teaching design of interactive systems is 

giving students the opportunity to experience the design process. One 

of the benefits I find in teaching UI design courses is the opportunity 

to bring together students with different backgrounds (both 
academically and culturally) and expertise. This is critical to the 

success of interdisciplinary design and implementation teams for a 

multicultural user population as can be found in South Africa.  

An example of exercises used in courses  

Exercises on analysis and design  

Objective: To determine the appropriateness of different kinds of 

conceptual models which were designed for similar kinds of physical 

and electronic artefacts.  

Describe the conceptual model that underlie the design of a personal 

diary, a wall calendar and desk planner  

What is the main kind of activity and object these are based on?  

How do these differ for each of the above?  

What metaphors have been used in the design of their physical 

interface?  

Do people know how to use these and do they match user needs?  

Describe the conceptual model that underlies an electronic calendar 
as found in MS Outlook.  

How does this differ from the physical artefact?  

What new functionality has been provided?  

What interface metaphors have been used?  

Are the functions and interface metaphors well integrated?  



Are the functions and interface metaphors well integrated?  

What are the problems that users have with the interactive 
calendars. Explain why.  

Design exercise  

Design the user interface for your system:  

Identify the users' goals, context of use and requirements for the 
system.  

Construct a low-fidelity prototype for this system (conceptual 

model).  

Show this prototype to potential users and get some feedback 

(give a brief report on this).  

Use a software-based prototyping tool to develop a high-fidelity 

prototype for the system (physical model).  

Evaluation exercises  

Prepare a one-page report on the following: 

www.nelsonmandelabaytourism.co.za  

What you like about the site and why?  

What you dislike about the site and why?  

What changes would you suggest should be made to the site?  

Using Nielsen's list of heuristics, conduct a heuristic evaluation of the 

following site: 

www.capegateway.gov.za  

Each member of the team should conduct a separate evaluation. The 

team members should meet to discuss their results.  

Each group has to create a HE report which must include the following 

components:  

HE checklist  

Each evaluator's individual report  

A usability issue list together with severity ratings  

Recommendations for improvements  

Working in your groups, create a paper prototype for the opening 

screen of an information kiosk to assist tourists who are planning on 

visiting the Western Cape. A representative from another group will 

act as the target user for your kiosk interface to test the paper 

prototype.  

Goals and Conclusion  

While I attempt to bring other disciplines into my courses, the focus is 
very much IT orientated. I expect to learn a great deal from the HCI 

teaching approaches that start from a different domain and build their 

processes from a different starting point.  



Design for All and Assistive Technology for 
computer science and design students

Helen Petrie

Introduction  

In this article I outline my background in teaching and conducting 

research on "design for all" and assistive technology. I then discuss 

definitions of these two terms, which are not straightforward, and 

present some of the arguments for including them in computing and 

design curricula. Finally I present a number of exercises that I have 

successfully used in teaching these topics with undergraduate and 

graduate computer science students and web design students.  

My Background  

I am currently professor of human-computer interaction (HCI) in the 

Department of Computer Science at the University of York in the 

United Kingdom [43]. In the department we teach a number of 
undergraduate degrees in computer science. Students studying either 

a degree in Computer Science or Computer Science with Mathematics 

take an introductory course on the design of interactive systems in 

the second year of their course. This course includes a component on 

"design for all" (DfA) and assistive technologies (AT). We also have a 

taught Masters degree for students with only a limited computing 

background (MSc in Information Technology); this degree has a 

similar introductory course on the design of interactive systems with a 

DfA/AT component. Both undergraduate and MSc students undertake 

a research project as part of their degree, and projects on the design 

of interactive systems, many of which concern DfA/AT topics, are 

always popular. In the 2008/2009 academic year we will launch a 

Masters degree specifically on the design of interactive systems which 

will have a substantial DfA/AT component.  

My original training was in psychology, culminating in a PhD in 

cognitive and experimental psychology. I subsequently became 

interested in how people interact with computers and why they have 

such difficulties in doing so. In order to understand more about the 

computer side of human-computer interaction, I took a year out of 

my academic career to return to being a student and took a Masters 

degree in computer science (very similar to the MSc in IT on which I 

now teach at York). Then, quite by chance, I was introduced to the 

use of computers and other new technologies for disabled people, 

initially for people with visual disabilities. That research and teaching 

topic has continued to be my passion for the last 12 years.  

My first research efforts on computers for visually disabled people 

were on access to the then new Microsoft Windows graphical user 

interface [32], [49]. I also worked on one of the first personal 
navigational systems for visually disabled and elderly people, the 

MoBIC system [29], [40]. I have always been influenced by my 
background in psychological methodologies, and have tried to bring 

rigorous design of user requirements and evaluation studies and 

appropriate statistical analysis of data to the design and evaluation of 

technologies for disabled and elderly people [20], [27].  

More recently I have conducted considerable amounts of research on 

the accessibility of the World Wide Web for people with disabilities 

[8], [18], [28], [30], [31], [38], [39]. My research team conducted 
the two largest and most detailed studies of web accessibility to date 

[8], [31]. These studies went beyond the standard methodology of 
testing websites for conformance to the Web Content Accessibility 

Guidelines (WCAG) [46], to investigate whether websites are usable 
by people with disabilities and the relationship between conformance, 

accessibility and usability. This work has lead to several projects that 

have involved teaching professional web developers about web 

accessibility. In a project for the U.K. government's Culture Online 



accessibility. In a project for the U.K. government's Culture Online 

Initiative, funded by the Department of Culture, Media and Sport [5], 
we conducted twelve workshops on web accessibility for web teams 

who were receiving funding to produce innovative web-based 

applications. In the EU-funded Tenuta Project [41] we have been 
providing a similar workshop to web teams funded by the eTen 

Initiative [12] designed to help the deployment of telecommunication 
networks based services (e-services) with a trans-European 

dimension.  

The importance of teaching Design for All and Assistive 

Technologies  

It is perhaps important to outline the reasons why courses for 

computer scientists, designers, and students in related disciplines 

should include a component on DfA and AT. The arguments may be 

necessary to persuade colleagues of the importance of these topics, 

and may be an important part of the curriculum on these topics, as 

students may in the future need to persuade managers and 

colleagues of the importance of considering these topics in designing 

and evaluating technologies. However, before addressing these 

topics, I will address the issue of the definitions of DfA and AT, even 

though I have been blithely using these terms in this article up until 

this point.  

Definitions of Design for All and Assistive Technology  

"Design for all", "accessible design", "inclusive design", "universal 

design" and "universal usability" are all terms that have been used in 
recent years to convey a focus on:  

However, as Vanderheiden and colleagues have noted [44], [45], 
there are probably as many definitions of these concepts, as there are 

people discussing them, and considerable misunderstanding. A 

particularly misunderstanding is that Design for All (DfA, the term I 

will use to cover all these terms) requires systems that will be usable 

by every user, regardless of capability (it is not a surprisingly 
misunderstanding, given the literal meanings of many of the terms), 

and that to attempt to achieve this might seriously compromise their 

designs. Yet the reality is much more complex and interesting and it 

is important that students, as future HCI professionals, realize this.  

Definitions of assistive technology (AT) are often very general and in 

some situations seem unhelpfully broad. For example:  

The problem is that one person's mainstream technology might be 

another person's AT. So if I use a miniature voice recorder to make 

my shopping list because I cannot see well enough to write one (or 

read it later), does that make a voice recorder an assistive 

technology? Undoubted the answer is yes. So any definition needs to 

be contextually grounded.  

One potentially useful way of conceptualizing DfA and AT is in terms 

of the proportion of a potential user population who are able to use a 

product or system. We should try to design mainstream products and 

systems so we make them accessible to and usable by the largest 

possible proportion of users, given constraints such as cost, 

complexity and good design decisions. Thus, computer operating 

systems and web browsers include options to allow visually impaired 

users to increase font size very easily up to a certain size. This will be 

sufficient for many users with mild to moderate visual impairments. 

For users with more severe visual impairments, ATs such as screen 

magnification and screen reading programs provide access and 

usability [33]. DfA is concerned with increasing the user proportion as 
much as possible and not impeding the use of ATs by those users who 

"the design of products and environments to be usable by 

everyone, to the greatest extent possible, without the need for 

adaptation or specialised design" [3] 

"Assistive Technology is any product or service designed to 

enable independence for disabled and older people." (King's Fund 

Consultation, 14th March 2001) [17] 



much as possible and not impeding the use of ATs by those users who 

cannot be included in the mainstream user proportion for a particular 

system. This latter point is important educationally - at the very least, 

developers of the future should be aware that their designs should 

allow ATs to function appropriately.  

ATs can also be thought of as bridging two distinct "gulfs of 

accessibility" [27]. Firstly, providing access to and use of the ever-
burgeoning range of new technologies that citizens in the information 

and knowledge society need or want to use. Secondly, ATs can bridge 

the gulf of accessibility created by a person's disability and the 

organization of society in general. Thus for visually impaired people, 

the inability to read signs in the built environment is a major problem, 

but only because modern societies chose to create highly complex 

built environments full of printed signs (we might have developed 

technologies to have spoken and musical signs instead, in which case 

hearing impairment people would be handicapped rather than visually 

impaired people). But personal navigation systems with map and 

point of interest information are now being developed [29], [40], 

[42] to help visually impaired people negotiate the built environment 
more easily.  

I will now consider the various arguments for undertaking and also for 

teaching DfA and AT.  

Demographic argument  

In developed countries, between 12 and 20% of the population have 

a disability sufficiently severe that it may affect their interaction with 

technology [25]. Many people optimistically believe that with 
increasing medical advantages the proportion of the population who 

are disabled is decreasing. Unfortunately, modern problems such as 

car accidents, and medical advances that enable lives to be saved 

after serious trauma and illness, mean that this is not the case [16]. 
The increasing longevity of the population is another important factor. 

The proportion of the population who are elderly is currently 

increasing globally, and age is the principle cause of disability. For 

example, by the year 2030 one third of the population of the 

European Union will be over the age of 60 [14]. Of particular 
important for the development of AT is that as the proportion of older 

people increases in society, so the proportion of younger people 

decreases. So, over the next 50 years there will be fewer and fewer 

younger people to care for older people, so older people will need to 

remain more independent and care for themselves and each other 

more than previously.  

Legal argument  

Numerous countries now have legislation that protects the rights of 

people with disabilities. For example the USA has the Americans with 

Disabilities Act (ADA) [1], Australia and the UK each have a Disability 

Discrimination Act (DDA) [6], [7]. Legislation may cover rights of 
access to technology directly or indirectly, particularly via access to 

goods and services. For example, there have been a number of legal 

cases concerning accessibility to information or services via the Web. 

In Australia, the Sydney Olympics Organizing Committee was 

successfully sued by a blind person because their failure to make their 

website accessible. In addition, the European Union has emphasized 

the importance of DfA and AT, funding research programmes in this 

area and including these topics in plans such as the eEurope 2002 

and 2005 Plans [11], [12].  

Economic argument  

In many ways the economic argument flows from the demographic 

and legal arguments. With increasing participation of disabled and 

elderly people in society, partly due to legal and technological 

developments, the market represented by these groups is growing 

rapidly. The Disability Rights Commission in Great Britain estimates 

that the spending power of disabled people in their country is 50 

billion Pounds (approximately 74 billion Euros) per annum [9]. From 
the demographics, it is clear that product and system developers 

might increase their market by at least 10% by adopting a DfA 

approach (assuming that such an approach might make their product 

or system usable by half the disabled population, the other half might 

need AT to access the product or system, a very conservative 

estimate).  



estimate).  

Moral argument  

It may seem unnecessary to evoke a moral argument, but it is 

puzzling in an age when it is unacceptable to discriminate against 

people based on their race, gender or sexuality, that it seems 

acceptable for developers of products and systems to says disabled 

people will not want to use our system or will not be able to use it. 

Yet I have heard this argument many times in boardrooms and 

classrooms. There may be situations in which it is indeed impossible 

to make a particular technological solution accessible and that an AT 

or non-technological solution is required. However, computer 

scientists and designers should regard it as part of their professional 

challenge to provide solutions for disabled and elderly people, rather 

than simply discounting them.  

Enhanced usability argument  

It is well-known that solutions designed with disabled people in mind 

often turn out to be very popular and usable by non-disabled groups. 
Recent examples include the British Telecom (BT) Big Button 

telephone [2] (the most popular telephone BT ever produced, and still 

for sale) and Good Grips kitchen utensils [26] were developed with 
elderly and disabled people in mind, but became extremely popular 

with mainstream markets.  

In the area of web accessibility, in our research for the Disability 

Rights Commission [8], we found that websites which were highly 
accessible were also 35% faster for non-disabled users to interact 

with, an astonishing efficiency saving.  

Useful Exercises in Design for All and Assistive Technology  

In this section I will outline some of the exercises that I have used in 

teaching DfA and AT in a range of contexts (see above), commenting 

on their effectiveness and the practicalities of organizing them. Often 

I find that educators in computer science and design are nervous 

about including these topics in their courses because they fear that 

they are not sufficiently expert in the topics to teach them. This is 

very unfortunate, as there are many resources, both electronic and 

human, that can be used to support teaching in these areas. I have 

always found that both students and other staff involved in these 

exercises find them interesting and enjoyable as well as informative.  

Experiencing disability and aging  

One of the problems we must overcome is that most computer 

science and design students and indeed most developers of new 

technologies are young and able-bodied and have no experience of 

the problems encountered by disabled and elderly people, either in 

life in general and in using technology in particular. However, there 

are many interesting and revealing exercises that can be undertaken 

to gain some insight into these problems and live as a disabled or 

elderly person. While it must be emphasized that taking part in such 

exercises is interesting and revealing, it is not the same as having 

that disability or characteristic of aging. For example, turning off 

one's computer screen and trying to use it with a screen reader is an 

interesting and informative experience, but the average blind person 

brings a lifetime of experience of interacting with the world non-

visually, so their experience with a screen reader are very different 

from those of a sighted person.  

Many organizations of and for people with disabilities run provide 

awareness training courses and might be prepared to run a special 
version of such a course for a group of students. If not, a teacher 

might be able to take a course with their local organization to gather 

ideas for exercises with students. Many of these organizations also 

produce brochures and factsheets about the disability and how to 

interact with people with this disability that can be useful sources of 

information. For example the Royal National Institute for the Blind in 

the UK produces brochures on how visually impaired people use 

technology [34], how to guide visually impaired people [35] and how 

visually impaired people do everyday things [36].  



Some of the many experiences of being disabled or elderly that 

students (and teachers) will find interesting and informative include:  

borrowing a wheelchair and get students to spend time in the chair 

trying to access library bookshelves, computer terminals, 

automated banking machines etc.  

creating simulations of different forms of visual impairment by 

cannibalizing old sunglasses (details available at www-

users.cs.york.ac.uk/~petrie/).  

borrowing or buying a long cane and have students wear very 

dark/ cannibalized sunglasses to simulate visual impairment (see 

b) and guide each other in public places - get students to observe 

how much clutter there is in the environment, what it is like to 

negotiate that environment and how other people react to them.  

Creating a "third age suit" [4] with thick gloves, a neck pad, 
padding for elbows, ankles etc. Ask students to do everyday and 

computer-based tasks wearing the suit.  

downloading demonstration versions of screenreaders such as 

JAWS [15], screen magnification programs, software for dyslexic 
readers, scanning software (and their associated manuals). Ask 

students to learn how to do simple tasks with these programs.  

Discussions and demonstrations with disabled and older 

people  

To understand the needs of disabled and older people in relation to 

technologies, one of the best initial exercises is to host discussions 

with disabled and elderly individuals who are interested in technology. 

One might make contact with such individuals through the local 

organizations of and for disabled and elderly people and through the 

computer groups they may well run. People are usually very pleased 
to be consulted about their views on technology, if approached in an 

appropriate manner. If people are users of ATs, it is very useful to ask 

them to give quite a detailed demonstration of how they use the AT. 

No only does this break the ice in the discussion, but allows students 

to see AT in real use, often by an experienced and expert users. Nor 

is there any need to be nervous about asking questions about 

people's experience of disability - if approached politely, people are 

usually very interested to talk about their lives and share these 

experiences with others who are genuinely interested. Such 

discussions should also be a two-way interaction, with students and 

teachers being honest about the difficulties of understanding the 

needs of different user groups and the ATs they use. Students and 

educators should also make the discussions an interesting experience 

for the disabled and older individuals, introducing them to the 

material the students are learning and how DfA/AT fits into the 

curriculum.  

If it is not possible to arrange live discussions with disabled or elderly 

people, it may be possible to find videos of disabled and elderly 

people talking about their experiences with technologies [24], [48]. 
There are also a variety of case study materials available on the Web 

about people's use of technology in general [13] and the WWW in 

particular [47]. For educators who wish to gain a more detailed 
knowledge and students who want to undertake in-depth work, such 

as research projects, reading autobiographies and memoirs of people 

with the relevant disabilities can be very informative. For example, 

there are numerous autobiographies of blind and visually impaired 

people that can assist in understanding their experiences [19], [21], 

[23], [50].  

Design exercises with disabled and elderly people  

Having understood something of the experiences of disabled and/or 

elderly people, it can be very informative to then undertake design 

exercises for, but preferably also involving, some of these user 

groups. In a 10 week introductory course on HCI, I have successfully 

used small group projects in which students go through the different 

phases of the user-centred design lifecycle (user requirements - 

design - prototype - evaluation) adapting a familiar product so that is 

more suitable for a particular user group. If the instructor does not 

have access to a group of people with disabilities to take part in this 

type of exercise, it can be undertaken very easily and successfully by 



type of exercise, it can be undertaken very easily and successfully by 

focusing on elderly people as the target user group. Inevitably, some 

students will have elderly relatives who will be able to participate in 

the exercise. It is far easier with introductory students to undertake a 

re-design exercise of a familiar product rather than undertake a new 

design exercise. However with more advanced students, a more 

ambitious project such as the initial design of a new assistive 

technology for a particular disabled or elderly user group can be 

undertaken.  

It is interesting that undertaking a design exercise for a disabled or 

elderly user group not only introduces students to the complexity of 

DfA and AT, but also highlights many of the issues of user-centred 

and participatory design. If a design exercise is undertaken with more 
familiar users as the target user group, students can often skip 

performing user requirements seriously, because they think they 

understand the needs of users. Using a target user group whose 

needs are so unfamiliar can focus their minds on the importance of 

eliciting user requirements and conducting evaluations properly.  

I have involved disabled and elderly people in these group projects 

and had a final conference style session in which the students present 

their projects to a panel of disabled and elderly people and members 

of staff. This exercise serves a number of useful purposes. It shows 

that the group projects are a serious part of the course (I have 

offered small prizes for the best project). It develops presentation 

skills in the students, makes them consider how to present to a non-

technical audience, and sometimes to n audience with members who 

cannot see. It also shows to the disabled and elderly people that we 

treat this work seriously, and lets them see how the discussions and 

interviews they might have undertaken with students were used.  

Conclusion  

DfA and AT are important topics to include in courses for computer 

science and design students. Educators may seem daunted by the 

prospect of teaching a topic in which they feel they are not expert, 

but there are many interesting exercises that can be undertaken that 

allow both teachers and students to deepen their knowledge and skills 

in these areas.  
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Figure 1: Faucet

Figure 2: Different picture 
of the same faucet 
displaying a typical 

problem of accessibility

Teaching HCI in Practical Terms

Lars Oestreicher

Author Background  

I have been an academic teacher since 1991, when I received a 
lecturing position in Computing Science, with a direction towards 
Human-Computer Interaction. The courses have been covering 
various topics in the main area, ranging from Introduction to Human-
Computer Interaction, Usability engineering, User-oriented software 
design and Task and Work analysis. During the years, I have 
published educational material on my personal home page (which is 
now under a major remake but can still be visited for some samples): 
www.anst.uu.se/larsoest/  

I have been chair of the Swedish Interdisciplinary Interest Group for 
Human-Computer Interaction between 1993 and 1994, and I am the 
Swedish representative of IFIP TC.13 since 1996. I have been co-
organizing workshops on Education in Human-Computer Interaction 
at several international conferences. For the IFIP Working Group 13.1 
I currently manage the group website (www.hcieducation.org/), 
which is dedicated partly to the task of being a repository for 
educational material.  

Teaching Design in HCI  

During my employment as a teacher, the focus has been on making 
the students grasp the problems with design. I have also tried to 
extend the area of interest during the courses to the problem of using 
Machines in general, but still with computers as the main area of 
interest. By widening the scope of the topic, I have tried to make the 
students see Human-Computer Interaction (or Human-Machine 
Interaction) as an applied science. I also think that this makes them 
aware of the fact that computers are intruding everywhere in society. 
However, I also use a fair amount of non-computer-based examples 
in my teaching. I think that a large part of the education has to be 
based on mind-shaking experiences for the student [1]. One example 
of such material that I use in the lecturing are the pictures that are 
displayed in figures 1-2.  

At first I show figure 1, which shows a faucet that is used to change 
the temperature of water in a shower. Then I remove my glasses, i.e. 
I show figure 2 to the class. The question is, which way to turn the 
tap in order to get colder water when you get scalded? (The full 
example can be found on my home page [2]).  

I have also had some experience from teaching in areas with small 
cultural variations. Teaching HCI at the Åland Polytechnic (Åland is a 
small Swedish speaking island, belonging to Finland) has given me an 
opportunity to see how minor cultural differences may influence the 
design process. Åland is a society with strong marine connections, 
inheriting a fishing and seafaring culture, which can be seen in 
buildings and smaller design items. By picking up and also stressing 
these cultural design phenomena, it is easier to make the students 
reflect on the designs that they produce in the end.  

For me, Human-Computer Interaction is very much an issue about 
experiencing the situation of the computer users. By providing good 
design examples and by discussing bad design examples, it is possible 
to approach the mindset of the forthcoming software engineers. One 
of the best appreciation I have had as a teacher in HCI was a former 
student who came back to me five or six years after his graduation, 
telling me that “You have destroyed my life! I can’t open a door or 
turn on a water faucet, without thinking about you!” That statement 
gave me a feeling of being successful in the first part of my mission 
as a teacher, in shaking the students’ minds.  



Teaching good design is a challenge. The didactic problem from my 
perspective is not to teach the students to make the best design, but 
to teach the students in daring to use alternative designs, being 
aware of the advantages and disadvantages of their own designs. 
During both lectures and practical exercises I try to encourage the 
students to try on new designs that go outside of the normal thoughts 
and furthermore to have them challenged in critical examinations. In 
this process I also encourage the students to adapt cultural 
phenomena, such as shapes and colour schemes that they can 
observe in their surroundings.  

One (informal) observation I have made over the years is that 
software engineers tend to be caught in traditional ways of thinking 
around software. In their opinion, graphic user interfaces cannot be 
too different from what they look like today. In this perspective I see 
it as an important task to encourage non-traditional thinking about 
the interface.  

Design Exercises  

In my teaching of HCI I value the use of group dynamics both for 
design and for evaluation. Therefore I consider the process used for 
the exercises just as important as the design examples. I will start by 
presenting the exercise process and then present the exercises in 
more detail. I will get back to the importance of the process also in 
the evaluation of my design examples later on in this article.  

Process  

In this article I will present two design exercises, which are each 
performed in four separate stages during approximately four hours in 
total:  

1. Individual design  

2. Small group redesign (2 – 3 students per group)  

3. Large group redesign (15 – 20 students per group)  

4. Final examination/evaluation of exercise  

Stage two and three also involve a critical assessment of the previous 
design, if possible with written comments and motivations. If time 
permits, the critique is also discussed in the groups, in order to train 
the critical thinking. After the large group redesign, I have also tried a 
method of “The critical eye”, where all students have been asked to 
take down three essential advantages and three essential 
disadvantages with the “final” design.  

During the first two stages of the design exercises the students are 
left more or less to themselves, with me just moderating the 
discussion in order to avoid inactivity. During the presentation of the 
final stage I enter the role as a constructive critic. In this role I try to 
let the students defend their choices and also defend their non-
choices, i.e. the solutions that they have discarded.  

One point of caution is worth mentioning here. In the group design 
stages (2 and 3) there is a large risk that there is one (or a couple) 
person who drives his (or occasionally her) design, ruling out the 
other suggestions. This could be a matter of monitoring by the 
teacher, if this should be avoided. In general, it is better the more 
active all the participants are in the larger sessions.  

Design exercise examples  

The two design exercises that I have provided here are to some 
extent similar, but I tend to let the students alternate between 
computer oriented design examples and design examples that are 
more anchored in the “real” world. The sample results presented in 
3.3.2 and 3.3.2 come from a group of Swedish speaking students at 
the Åland Polytechnic.  

Example Exercise 1  

The task was to design a printing dialog that allows a user to print a 



The task was to design a printing dialog that allows a user to print a 
document on a printer and getting the desired printout (!). The 
functionality was specified in advance, and corresponded to a 
standard ink jet printer dialog, including the “Page Setup”. The dialog 
should allow the user to achieve the result in a minimum number of 
steps with respect to the intended task. There were a few general 
restrictions placed on the final design:  

It should be task-driven and not consider technical difficulties 
(such as that round windows may be more difficult and inefficient 
to draw)  

It should use a minimum number of buttons and traditional 
controls such as dropdown menus, tabs, etc.  

It should adhere to minimalist design  

It should provide immediate feedback on actions  

Prior to the exercise, the students were also told that one important 
aim was to achieve a design that would be as non-standard as 
possible, while still offering a good and usable interface to the printer. 

Example Exercise 2  

The task was to design an interaction that allows a car buyer to select 
from a vast number of cars on a site for used and new cars. The 
selection dialogue was to be primarily directed towards a non-
technical user while still being interesting to use for more 
knowledgeable car buyers. Prospective buyers have to be provided 
with sufficient support in order to make the appropriate choices for a 
new or used car.  

In this exercise I also put more stress on that they find good solutions 
for the designs than on that they cover all possible options for 
selecting a car. The functionality was therefore not completely 
specified, but the students could add their own functionality.  

In the task setting there were also a few general restrictions on the 
design:  

It should not be primarily text based,  

It should be a minimalist design,  

It should allow fuzzy requirements, or multi-valued choices in an 
easy way  

Like in exercise 1, the students were told that non-traditional 
solutions were preferred to standard interface alternatives. This was 
stressed during all three design stages of the exercise.  

Exercise Results  

I have divided the results of the exercises into a set of general 
observations on the procedure and type of exercises, and the results 
from the respective design exercises. Since the designs were 
presented on drawing boards, there are no figures showing the design 
examples.  

General Observations  

The exercises were generally well liked by the students. The first 
exercise seems to have a more direct connection to the students 
imagination, probably (according to some comments during the 
design discussions) since the students have been using the print 
dialogue extensively. The second exercise was more difficult to get 
started with. Common comments were such as “How can you display 
information without using text?” and “It is difficult not to make 
something that looks like those sites that already exist.”. However, 
towards the end of the third stage the design still showed some 
innovative thinking, although some mental “prodding” seems 
necessary in order to get the students into non-conform thinking.  

The outcome of these exercises has also been interesting from a 



The outcome of these exercises has also been interesting from a 
methodological standpoint. They indicate a general problem of 
extending the mind set in computer science students. Many tended to 
fall into a conventional type of display. Utilizing direct manipulation 
was often not considered an option, and a more or less standard 
“Apply” or “OK” button (although often “disguised” in order to comply 
with the given restrictions on the interface) was not an uncommon 
feature in the dialogue.  

It is also quite clear that these kinds of exercises merits from using 
relatively strict restrictions on the exercises. In a “Pilot” exercise I 
gave the students free hands on the first exercise, which actually 
rendered it much more difficult in the beginning. This does not 
necessarily mean that it has to be specified in details, but rather that 
the overall constraints are specified, giving the framework for the 
exercise.  

Exercise 1 - Results  

The solutions to the exercise with the printing dialogue that were 
presented evolved gradually over the design stages, and in the 
evaluation processes, the restrictions were among the first things that 
were discussed and often the properties that were not conforming to 
the restrictions were changed or removed in the designs after the first 
evaluation – redesign cycle.  

In this exercise the gradual extension of the design group from 
individual design to smaller groups to a single large group proved 
constructive, when the design solutions were presented. In all the 
students found that it was interesting to try to provide the given 
functionality in the new design, without complicating it by using 
standard widgets, such as tabs. Most of the specified functionality was 
also incorporated in the design solution that was presented after 
stage 4.  

Final design: The final solution used a preview type of display with 
direct manipulation switches that directed choices, such as 
orientation, size, number of copies, etc. A number of visual switches 
displayed on-off type of attributes, such as binding and similar 
properties in the printed material.  

Exercise 2 - Results  

The car search form was more difficult from the start, and it was clear 
that the students were less experienced car buyers. Interestingly 
enough this seemed to make them more restricted in the thought to 
traditional (i.e., similar to the existing web search sites for used cars). 

Also the change between the stages was more subtle, more in details, 
than in exercise 1. The final solution was also using more features of 
the individual suggestions, and did not evolve quite so much over the 
stages.  

Final design: The design presented was based on a picture of a car 
that changed visually as the user was selecting important features. 
The body changed when the user selected properties such as seating, 
loading capacity and similar. In case of multiple selections, the picture 
was duplicated. Additional features such as engine type, type of gear 
box, etc. was indicated on the pictures.  

Summary  

In design exercises I suggest that a close integration of design and 
evaluation is a crucial element. Furthermore, the use of gradually 
larger groups for the design seems to support a more imaginative 
solution, provided that the teacher can moderate the groups so that 
most of the participants are active in the redesign.  

Even if it might be tempting to let the students work freely on the 
design assignments, there are reasons to expect that the exercises 
will be better if there are well defined restrictions on the tasks, that 
give the students a stricter framework to work within.  

Acknowledgments  



Acknowledgments  

I want to thank all the colleagues that have been inspiring sources 
during the workshops on HCI Education that I have participated in 
during the years.  

References 
 

1. Oestreicher, L. (ed.) (1999). The Six Golden Rules to shake 
the Students Mind — Report from a workshop on HCI 
education in Edinburgh. IFIP Working Group 13.1:8.  

2. “Hot or Cold Shower?” example with pictures  



 

Figure 1: The DUTCH 

design approach

Figure 2: Early design 

sketch

Figure 3: Design of the 

aware device for kids

Figure 4: A mock-based 

scenario for Kid's Device

DUTCH - teaching method-based design

Gerrit C. van der Veer, Bert Bongers, Dhaval Vyas

About the authors  

The first author has a master's degree in Cognitive Psychology and a 

PhD on Human-Computer Interaction. He was head of a Cognitive 

Ergonomics Department, and is now a full professor in Computer 

Science Departments in 3 Dutch Universities (Vrije Universiteit, 

Amsterdam, Universiteit Twente, Open Universiteit). He developed 

single courses on user interface design or design of interactive 

systems as part of Bachelor curricula in Computer Science, Cognitive 

Psychology, and for distance education, and as part of a Master in 

Ergonomics. He developed a full (4 year) academic (Bachelor and 

Master) curriculum in Information Sciences titled "Multimedia and 

Culture" that included 6 design courses (website design, information 

representation, visual design, multimedia design, user interface 

design, text design, in total about 3/4 student years), that were 

separate from, but based on courses on related theory as well as 

basic skills like multimedia programming and web programming.  

The 2nd author has a mixed background in engineering, human 

sciences, and the arts, acquired through education, work experience 

in academia and industry, and other projects. His approach to HCI is 

inspired by his practical experience in the arts disciplines (electronic 
musical instruments, live video performance), design and 

architecture. At the Vrije Universiteit he has set up and taught over 

the last three years the HCI and User Interface Design courses.  

The 3rd author has a master's degree in Advanced Computer Science. 

He is currently associated with Vrije Universiteit Amsterdam as a 

research student where he designed and taught a course on 

"Experience Design" and was a teaching assistant in a design related 

course on "Multimedia Authoring".  

General design course structure  

All design classes followed a systematic design approach, that, in an 
abstract way, can be characterized by figure 1. This approach is 

based on our design approach [1] that we labeled DUTCH (design for 
users and tasks, from concepts to handles).  

Consequently, each course starts with collecting, modeling, and 

analyzing an existing situation. The next step is the development of a 

vision on a future domain world where new technology and / or new 

representations have been implemented. This second step is the first 

tentative global design that will be represented in scenarios or 

prototypes and can be assessed. This second design model is based 

on both the client's requirements and technological possibilities and 

challenges. In an iterative way multiple instantiations of detail design 

may follow, that each can be assessed and evaluated again.  

Domains for design  

Many different domains have been offered to our students, related to 

the actual focus of the courses. Some examples:  

websites for clients in cultural domains like music groups, artists, 

museums;  

video shows on restaurants in a major city;  

registration and payment tools for clients of hotel chains;  

house style and visual identity for a major HCI conference  

HCI as a base for teaching design  



HCI as a base for teaching design  

All design courses that we have been teaching supposed a basic 

course in human-computer interaction (HCI) as a base. As an 
example we will discuss the HCI course at the Vrije Universiteit. That 

has been originally set up as part of the HCI, Multimedia and Culture 

program within the department of Computer Science. This course is 

compulsory for undergraduate students in the curricula Multimedia 

and Culture, Computer Science, Artificial Intelligence and Business 

Informatics. It is further attended by students from other 

departments such as psychology, and international exchange 

students. In the last years about 100 students are involved in the 

course per year.  

The course consists of four themes:  

human factors  

technology  

design of interaction  

structured design methods  

The first two themes provide background information about the two 

entities involved in the interaction: humans and computers. Both the 

physical aspects of the interaction and technology in general is 

discussed. An assignment is given to enable students to get familiar 

with understanding technologies by literally and/or functionally taking 

things apart (Device Parsing). The "design of Interaction" theme 

consist of lectures on information representation, communication 

theory, and multimodal interaction. Two assignments are part of this 

theme, one is about observing and describing information and signs in 

our everyday environment (Sign Subversion) and the other is about 

analyzing interactions. This theme accentuates the relevance of 

UbiComp or Pervasive Computing, bringing together technical issues, 

human factors, and insights from the field of architecture. An 

ecological approach is advocated, HCI in an electronic ecology or e-

cology [3]  

The "structured design methods" theme is strongly based on the 

DUTCH approach [1], and includes introductions to design research 
methods such as Cultural Probes, Scenarios, Personas, etc.  

All lectures are supported by examples from the authors' own recent 

research practices.  

The course web site was completely redesigned as a basis for e-
learning in 2005 by Marcin Wichary. It contains information about the 

lectures and the people involved, background material about HCI, 

pointers to other sources, and interactive exercises such as a practical 

introduction to Fitts' Law. It is subject to the Creative Commons 

License, so other parties can extend or customize the material. In 

2006 the site was further developed by Elbert-Jan Hennipman, an 

assistant lecturer in the course. It is now possible for students to 

enroll in the course, hand in coursework and check their progress. 

Further extensions are currently being developed, through the 

involvement of the Open University, with the objective to create a 

public domain full HCI e-learning environment.  

Example of a design exercise  

Two groups of design students working towards their European 

Masters degree in Ergonomics were involved in designing concepts of 
aware systems that allows monitoring and communication. One group 

was involved in designing for elderly (age 65+) and another was 

involved in designing for young kids (age 3 - 5). The focus of these 

design projects was to creatively develop a device that may be in use 

in 5 years time, considering prospective North American and 

European users. In future these designs might be applied in 

Kindergartens, Elderly-care Centers or in other similar institutions. 

From a functional point of view, the device should be able to help 

caretakers (who might be at a different but nearby location) keeping 

track of the users' whereabouts and communicate with them for any 

instructions or help.  



Since the intended user groups were vulnerable and required constant 

care, one of the additional goals of the concept design was to provide 

experiential support to the product [2]. For the elderly and kids, 
being separated from their loved ones and living with strangers was 

emotionally challenging in itself. We were interested in finding out to 

what extent the designed product can support or improve these users' 

experiences.  

During the teaching sessions, we (the authors) introduced a 

conceptual design framework on experience to the students and 

allowed them to use it in their own preferred ways. Both groups 
started off with some in-depth interviews with the prospective end-

users and professional caretakers - currently working in a similar type 

of environment. The groups then developed personas: resp. Thomas - 

a 3-year-old boy, and Weerd - an 82-year-old lady, to have a 

constant user focus during the design process. They collected the 

most common attributes and behaviors of the potential users in their 

respective personas. Keeping these personas as the main focus of 

their designs they started brainstorming within individual groups to 

use our framework as a checklist for adding creative features and to 

provide experiential support. They tried to envision the implications 

on the functionality, interaction and appearance of their design from 

sensual, cognitive, emotional and practical points of views.  

We asked the student designers to make a collection of their design 

ideas, any relevant information on their brainstorming sessions, 

design sketches and mock-ups that they develop while using this 

framework.  

Both groups came up with devices that can be worn on the wrist. 

Figure 2 is an example sketch developed during a group's 

brainstorming session. They envisioned different sensing techniques 

to track users' movements, physical place, temperature, and heart 

rate using different physiological and behavioral cues. In the 

following, we show what creative and additional values the individual 

groups added to their designs.  

Device for Elderly:  

The design group thought of having a jewelry-like device on the 

hand of persona Weerd, since she would love to wear it and feel 

attached to it. And since the device is on her hand, help is 

available 24/7  

The group thought that having a jewel as the device would be 

easily accessible through her hand and it would make her feel that 
"there is someone constantly looking after me"  

To avoid any cognitive load while interacting with the device the 

group used speech interfaces for communicating with the elderly  

The device gets warmer when another elderly with a similar sort of 

device in his hands comes close to Weerd. This could provide some 

social and emotional pleasure of using the device  

An assistive feature was added into the device that would remind 

the users to finish their daily rituals especially when they are on 

medication. E.g. at a certain time the device would sound "You 

didn't take your pills today!"  

Device for Kids (see figure 3 for a mock-up):  

After getting familiar with the framework the design group added 

elements of playfulness in their design. Persona Thomas, being a 

"Bob-the-builder" fan, would like to have a toy-like device tied on 

his hand  

The device also supports Thomas emotionally whenever he feels 

lonely by allowing him to see his mother's face on the 2D display 

screen of the wrist device  

Educational aspects were added at the interaction level. E.g. on 

disobeying instructions about forbidden locations, the device would 

vibrate and the send a message implicitly and even show his 

favorite pet Fluffy warning him. And on subsequently obeying the 

instructions the device would permeate a nice smell (candy)  

A sense of freedom was inputted in to the device. Thomas being a 



A sense of freedom was inputted in to the device. Thomas being a 

creative 3-year-old would not like being repeatedly interrupted by 

the device hence the device doesn't work as an assistant to the kid 

Both design concepts support work-critical functions (e.g., 

monitoring) and, at the same time, allow interaction to educate and 

support play (in the kids device) and build social relationships with 

others (in the elderly device). The final design concepts were 

presented as a combination of interface features and mock-up-based 

scenarios, during a stakeholder evaluation. Some example screen-

shots from a presentation are presented in figure 4.  

As an evaluation of these design concepts, we organized student 

presentations in the presence of relevant stakeholders. The design 

concepts were presented in the form of a list of interface features and 

mock-up based scenarios describing different contexts of use. The 

design concepts received positive reviews from the committee. 

Another way to evaluate these concepts could have been to carry out 

a user study. We chose not to do that because of the limited student 

time available for this course.  
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Teaching a design perspective

Irene Mavrommati

Introduction  

My background is in Interactive Multimedia, and Graphic/Visual 

Communication Design while my work experience is in the field of 

user experience / interaction design. In parallel with my work as a 

Project Coordinator / Experience Designer (mostly in IST FET 

projects), I am a contracted lecturer in design since 2002. In this role 

I have taught in a variety of departments, and a variety of student 

profiles. I have been successively teaching Interaction Design in the 

Design Engineering of Products and Services department, University 

of the Aegean, Syros, Greece (for three terms); Design for Digital 

media in department of Architecture in Patra University (for a term); 

and Graphic/Communication design at a postgraduate course in 

Multimedia, at the Hellenic Open University (currently).  

The students at these courses have very different profiles and design 

experiences to report. At the department of Design Engineering of 

Products and Systems students are educated as engineers, and 

receive HCI tuition starting in their 2nd year (of a 5 year course), as a 

core lesson of their study. In this course some students have more 

affinity with design practice, while others have more affinity in 

technical skills and more structured thinking.  

At the department of Architectural engineering, (also a 5 year 

engineering course) students can take an introduction course in 

Interaction Design, but HCI study and its concerns are unfortunately 

not in the main focus of study. Although these students are also 

engineers, they have more affinity with working with concepts, 

generating a variety of ideas, and experimenting with rapid and 

through away prototypes.  

The Open University postgraduate course on Graphics and Multimedia 

(in the department of Applied Arts), attracts a variety of student 

backgrounds. These are mature students, from a variety of 

backgrounds who, in parallel with their studies (with the distant 

learning educational method) also work and have families. Their 

backgrounds include computer science, graphic arts, fine arts, 

communication studies, electrical engineering, and other.  

In the following sections I will report my experiences in teaching 

design (with a focus on Interaction/Experience Design), the 

challenges faced, and the teaching design approach that I find most 

applicable - the one used in the framework of the University of the 

Aegean.  

Multidisciplinaryty in a single class  

As Mackay states [1] , engineers are usually trained to solve 

problems that have been given to them and are evaluated on the 

technical validity of their solution, not the relevance of the problem. 
Yet designing a system by strictly following a set of design 

requirements does not guarantee a successful product. Human users 

add complexity and unpredictability to the situation and solutions that 

appear correct on paper may not be valid in practice.  

Unlike engineers, designers are trained to question the 'design brief" 

and come up with alternative solutions. They have a very hands-on, 

apprentice-based learning process, in which they create designs 

which are critiqued by faculty and fellow students.  

Design and Architecture students are better affiliated with conceptual 

thinking exercises, and with hands-on group workshops that aim to 

come up with novel concepts that answer the not-so-obvious user 

needs. They are more willing to question and to explore ideas in order 



needs. They are more willing to question and to explore ideas in order 

to understand the brief, and in doing so they may get a better feeling 

of the people to which their design is addressed, and the wider 

framework they live in. With the exception of the architectural 

department, I have witnessed degrees of multi-disciplinarity in most 

of the other groups I have taught. Students of different backgrounds 

have different skills, but also different interests and goals. Lecturing a 

multi-disciplinary class one needs to adapt and always keep alert and 

in a dynamic balance during the lecture, so as to cater for the 

differences between the varied student profiles. Design exercises in 

small multi-skilled groups can prove to be very beneficial -provided 

the groups achieve the right composition. Getting over their initial 
inertia and learning to produce fast concepts, documenting them and 

go a bit wild with them is strongly encouraged, as students thus get a 

better understanding of the design space and the design problem.  

Teaching interaction design - outline  

The most beneficial experiences are reported from the Design 

Engineering department, where Interaction design and HCI is more 

important to the course curriculum and therefore is given adequate 

lecture hours. The class typically consists of approximately 70 

students, in a 4 to 6h per week course per term.  

During the tuition we make use as much as possible of the group 

dynamics via discussion, presentations, participatory discussions and 
brainstorms, and participatory evaluation. For practicing and 

developing project exercises, groups of 3-4 students are formed.  

The tuition comprises of the following parts:  

1. Understanding Theory 

HCI theory [2], [3]  

Case studies: state-of-the-art system examples (video 

demos)  

Widening the scope: Topics presentations by students  

2. Project based practice 

Conceptualisation techniques  

Concept generation / documentation techniques  

Prototyping  

Short evaluation cycle and iterations  

Demonstrator prototypes  

Class demos, hands on trials, discussion, evaluation  

Interaction design teaching - in detail  

At the Theory part, the standard HCI theory is tought [2], [3], (i.e. 

the human, the computer, the interaction, the design process, HCI, 

models and theories, interaction design principles, design for all). In 

the introductory year, evaluation techniques are not mentioned in 

detail (this is done in subsequent years, as is design for all). 

Emphasis is given in the understanding of human errors, mental 

models, iterative design, prototyping, and interaction design 
principles.  

A number of case studies of projects were shown on video, in parallel 

with the theory tuition, with different ways of interactivity and 

experiences that were discussed and explained. This opened the 

students' scope via the experiencing of latest trends and state of the 

art interactive systems. (Example projects: in home communication 

systems, tangible interaction based systems, community 

communication systems, children tangible interactive games, Car 

navigation systems, disappearing computer projects, etc). The aim 

here was to make Interaction design attractive and intriguing to 

students, and make them keen to learn as well as opening their 

perception. Students gained experience as we brought to their 

attention a number of different collaborating devices, in various 

environments and states (including mobile, public, private), and used 

by a variety of users.  



The theoretical part also includes co-teaching from students. Each 

student group gives a presentation, highlighting HCI and interaction 

aspects in related topics of interest (Selection topics examples are: 

interactive art, mobile life, interactive entertainment, e-learning, e-

government, etc). This exercise is very valuable since along with 

improving their presentation skills, it helps students get more 

concerned with HCI/interaction issues, get accustomed to viewing 
critically interactive application areas, and have a wider perspective of 

the various different fields that HCI is applicable.  

These three ways of teaching theory happen in parallel, whereas the 

project based practice steps run sequentially to each other. Project 

based practice focuses in one project theme, that students start early 

in the term and finish at the end of the term, when they hand their 

final deliverables.  

Project practice and theory happen in parallel. Each study week the 

students have to do a step in a project that is given, in order to 

practice what they learn in theory, and develop their design skills. By 

hands on a project, the students are developing their conceptual, 

design and technical capabilities along with taking in the knowledge 

they learn from the theory and developing their own standpoints. 

Emphasis is given in encouraging conceptual thinking and 

conceptualisation techniques, (such as brainstorming in creative 
workshop, understanding the user, etc). While some students display 

more affinity to working with abstract concepts (and keywords), 

others need to be taught the process. For example, when asked to 

put down words that describe concepts related to 'shaving', 

engineering-focus students may give keywords that highlight 

functional requirements specifications and product characteristics 

(such as 'blade', 'hair', 'sharpness' etc) while they need to be 

prompted in order to conceptualise more abstract associations 

(described in words such as: 'fresh', 'smooth', 'clean', etc) - 

sometimes related with the non functional requirements.  

Emphasis is given in the first stages of Concept generation, and 

conceptualisation and documentation techniques such as user 

profiling, scenario development [4], storyboards, video prototypes 

[5], [6], etc). They are requested to produce a variety of different 

ideas, while it is stressed that a large number of ideas should be 
generated with quick methods, of which the best elements are 

gathered. The quick-throw away nature of prototypes, for iterative 

design is also highlighted. The benefit of teaching the design process 

is that students are encouraged to explore and provide many draft 

ideas as design sketches. They learn that there is not only one best 

solution possible when designing, but infinite possibilities, and each of 

these highlights different aspects to the given problem. All design 

ideas are valuable, and beneficial to consider.  

They learn not to be afraid to express any idea, to create ideas 

rapidly and document them, and not to be afraid to discard the ones 

that don't work out. In all the groups that I taught proves important 

to insist on the first steps of the design process (idea generation and 

requesting a large number of rapid drafts), as students mostly tend to 

do very few concept drafts and focus very quickly on development -

not exploring enough the various elements that play a role in the 

problem.  

After reaching an idea, students experiment with Prototypes (through 

away prototypes, cascading prototypes). A short evaluation cycle 

follows, on which they have to report on, and include iterations.  

As a final deliverable, a demonstrator prototype of their design is 

produced, that includes interface (be it graphic UI or CAD 

designs/foam model), interactivity, and limited functionality.  

Last but not least, a class presentation takes place, where the class 

members can have do on trials, that fuel discussion in the class on 

the project's rationale, interaction issues, and HCI aspects.  
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Breaking Rules in Interaction Design 
Education

Oguzhan Ozcan

Introduction  

I am a UNESCO Ascberg Fellow, Expert of International Standard 
Organization (ISO), WG5 "Software Ergonomics and Human 
Computer Dialogues", and the founder of Communication Design 
Department, Yildiz Technical University Istanbul. I have a number of 
articles published in important journals such as Design Issues, 
Leonardo, and Digital Creativity. Some articles are also cited. I am 
the coordinator of European Interaction Design Summer School 
sponsored by ERASMUS.  

Design Exercise  

As we know, interactivity, which is relatively new design area, is 
formed based on usability standards. Many times it is impossible for 
designers to create unusual, "non-cliché" design ideas for interaction 
design based on the ergonomics specified by ISO standards and the 
10 golden rules of HCI.  

Under these circumstances, we have (between 1998 and 2005) 
required from students to demonstrate their design talents whilst not 
ignoring standards and rules. Not surprisingly, for the entire eight 
year period, we observed that the students used different colour and 
graphic forms, but adopted tabloid layouts, frame structure, flows and 
interactive structure as not to make exceptions to the interaction 
rules.  

This position article, based on the summaries of student surveys, 
argues the method of "breaking rules", which encourages how to 
bring about unexplored design ideas but still not ignoring usability 
fundamentals.  

In the first part of this argument, rules and standards in interaction 
design are overviewed. In parallel with the rules, we also analyze 
those rules that blocks wild design ideas.  

In the second part of the argument, the main philosophy of "breaking 
rules" is outlined:  

"Breaking rules" are inspired by experimental typography 
approaches. As we know, basic typography consists of a number of 
rules, e.g. aesthetic integrity, clarity, readability, etc. However, 
currently, designers have been working on the form-of type, 
bringing the meaning to the front in order to explore new 
typographic representations.  

The same approaches can be adopted for interaction design as 
well. Putting rules to the background, new interaction styles can be 
developed by expressing the form. Therefore, less-cliché, 
uncommon design solution can be explored.  

To improve the above theory, the designer can, for instance, 
exercise on "animation" and "disabled use" as a form of 
interaction.  

In parallel with the above ideas, we used two different exercises with 
Communication Design Students.  

In the first exercises, first-year design students worked on icon 
design to express some certain action such as "enter", "open", 
"copy", "select", "listen". They first create the forms for the 
meaning, and then they animated them for interactive use.  

In the second exercise, final year students created graphical user 



In the second exercise, final year students created graphical user 
interface for ‘temporarily disabled’ users, such as a waiter who 
must record data onto a PDA, holding it by one hand and using it 
by the keying in information with the same hands fingers; a 
repairman or a cook who must use a screen with his elbow when 
his hands engaged by other work.  

In the final part of the argument, two exercises are compared, 
depending on the experiences of the first year and the final year 
students:  

Students gained significant experiences by these exercises. At the 
beginning, they had some difficulties because the approach was 
different than what they are used to; but later, they started to 
think up new ideas for unexpected conditions and rules. The design 
solutions they produced were quite unusual in structure an in 
human appeal, but still functional. The students may not 
frequently use these experiences in the real life, but they leaned 
how to think differently in unexpected conditions.  

At the end of the argument, we discussed the future development of 
these ideas in interaction design education.  



Design for HCI

Paula Kotzé

Introduction  

I hold a PhD in Computer Science (Human-computer Interaction) 
from the University of York (UK), a masters and a honours degree in 
Computer Science, and a bachelors degree in Computer Science and 
Industrial Psychology, all from the University of North West in South 
Africa. My master dissertation, completed in 1982 titled The 

Psychology of Computer Programming with Special Reference to 

Systems and Applications Programmers, combined my background in 
industrial psychology and computer science and was one of the very 
first master dissertations in the emerging field of human-computer 
interaction (HCI) in the world. For my doctoral research, with the 
thesis title The Use of Formal Models in the Design of Interactive 

Authoring Support Environments, I ventured into foreign territory, i.e. 
the more mathematical side of computer science. I also hold two 
postgraduate diplomas in Education.  

The University of South Africa (Unisa), a international, primarily 
distance teaching institution, is one of the mega universities of the 
world - in 2006 our student numbers topped 260 000, of which more 
than 30 000 at some stage enrol in the School of Computing. I joined 
the Unisa in 1980 as lecturer in the then Department of Computer 
Science and Information Systems, while still busy with my masters 
degree. Until recently I was Director of the School of Computing, 
formed after the merger of the Department of Computer Science and 
Information Systems from Unisa and the Information Technology 
Programme Group of the former Technikon SA. I am currently 
Professor in the School of Computing and Director of the Centre for 
Software Engineering, associated with the School of Computing. The 
Centre focuses on industry and applied research, and the offering of 
short courses to industry and students not interested in doing a 
degree, or not meeting the stringent admission requirements for 
doing so. I also head the HCI Group of the School of Computing.  

I have been involved with HCI in some or other way for the past 27 
years, first through my own studies and then through research and 
teaching. I offered the first fully-fledged HCI course at Unisa to 
postgraduate students in 1990. The field has grown tremendously at 
the University since then.  

In 2002 we started offering HCI to first year students - with the only 
prerequisite that they should at least register for a course in 
computer literacy simultaneously. As no suitable text book or course 
material in HCI existed for this level anywhere in the world, we (me 
with a lot of input from Prof Chris Johnson form the University of 
Glasgow) wrote the material from scratch. The only compulsory 
reading is The Design of Everyday Things by Don Norman [1]. The 
course's primary aim is to create an awareness of human-centred 
design before the students' minds have been polluted with the 
'importance' of functionality in programming, and structured and 
object-oriented method in systems design. The course is compulsory 
in the Software Engineering degree (College of Science), Informatics 
degree (College of Economic and Management Sciences) and the 
Multimedia degree (College of Humanities), and as option in a number 
of other courses, thus reaching a wide variety of students. Students 
enjoy the course a lot - probably because they can associate with the 
negative and positive examples used and the reasons for why people 
struggle with certain issues and find others, of similar nature, easy to 
master. And the awareness is seemingly staying on: one of the 
second year lectures for the data structure course complains that 
since the course's inception his students are more concerned with 
their user interfaces than with the functionality of the code they are 
writing.  

After the three 'compulsory' groups of students have completed a 
variety of other courses linked to their specialisation, they are 



variety of other courses linked to their specialisation, they are 
brought back together again in the third year for the second HCI 
course. The prescribe text is Interaction Design by Preece et al. [2]. 
Here they are required to step through all the life cycles phases of 
developing an interactive system up to creating prototypes and 
evaluating these prototypes using user-centred design and evaluation 
methods. They must integrate the techniques and methods they have 
learned from their specialisation areas. The differences in approach 
between the three groups of students are noticeable: the software 
engineering students write almost fully functional prototypes, the 
economic and management sciences students have less functional 
prototypes but submit very good project reports detailing the 
processes followed, while the multimedia students always jump some 
or other surprise on the design itself. It is a pity that they could not 
all be exposed to the combined background of the three groups - the 
result, if possible, could deliver well-rounded systems development 
practitioners veered in computer science, management, multimedia 
design, psychology, communication science, et cetera, i.e., what we 
claim HCI is about! Although I am no longer directly involved with 
undergraduate teaching, I am still involved with the development and 
revision of courseware.  

On honours level (in Computer Science or Information Systems) we 
dig deeper into the theories behind HCI and students work more on 
an analytical level, that a practical level. This course has Dix et al. [3] 
and a variety of journal and conference articles as prescribed 
material. We also offer a usability engineering course (although we 
are not allowed to call it that way as the term 'usability engineering' 
is patented in South Africa) as a special topic where advanced applied 
usability research, studies, and evaluation is done. Barnum [4], 
Preece et al. [2], Dix et al. [3] and a variety of web references and 
journal and conference papers are used as reference material. Since 
the installation of our usability laboratory these students are expected 
to spend at least one week a year in the laboratory, which 
unfortunately make it slightly restrictive for students from far a field 
and abroad. I am involved with teaching of both these courses. 
Together with one of my colleagues we run an honours (4th year) 
project on designing for the disabled (see design exercise).  

My major workload is, however, on supervising master and PhD 
students and leading the Design4All Research project.  

In a democracy as diverse as South Africa's, technology could be the 
great leveller in enabling citizens to overcome differences in 
language, age, culture, financial means and ability. The Design4All 
project aims to promote inclusive computing device design that leaves 
nobody out and is accessible to everyone. The project focuses on 
inclusive design of interactive systems in the widest sense. This 
obviously includes computing devices used for desktop computing but 
also goes far beyond that to incorporate embedded devices such as 
cell phones, digital cameras, video recorders, interactive television, 
coffee machines, parking ticket machines, intelligent keyboards, voice 
recognition systems, entertainment systems and so on.  

Designing for diversity means designing devices for the widest 
possible audience. The project aims to develop systems that are 
accessible in general, but adaptive for an individual's special 
circumstances. It takes into account factors such as disabilities, 
cultural diversity, cognitive development, age, language barriers, 
social restrictions, ethical issues and business or financial constraints.  

The Design4All Project incorporates a range of sub-projects involving 
a variety of academic staff, researchers and postgraduate students:  

Design for children: This project involves setting up guidelines for 
designing age-appropriate technology for young children, based on 
respected theories of cognitive, emotional and social development, 
as well as on new and existing empirical evidence. The project 
leaders are Prof Paula Kotzé and Mrs Heleen Gelderblom.  

Design for multi-contexts and mobility: This focuses on the 
interaction between humans and handheld mobile computing 
devices, specifically cell phones. It also considers the factors that 
influence users in selecting and using mobile devices. Project 
leaders: Prof Paula Kotzé and Mrs Judy van Biljon.  

Design for multi-languages: This project addresses the challenges 
posed by multilingualism. One part of the project links up with a 



posed by multilingualism. One part of the project links up with a 
joint School of Computing-Department of African Languages 
project that addresses the computational analysis of the 
morphology of minority languages such as Zulu, Xhosa and 
Tswana. A second part of the project looks at the challenges of 
translating electronic content into all 11 official languages. Project 
leaders: Prof Laurette Pretorius and Prof Paula Kotzé.  

Design for multi-cultures: This project looks at models of usability 
and context of user frameworks that could be used to develop 
interactive software for a diverse multi-cultural environment such 
as South Africa's. Project leaders: Prof Paula Kotzé and Prof Ruth 
de Villiers.  

Design for the disabled and the aged: Our interaction with 
computers should be as comfortable and productive as possible. 
This is especially true for people with disabilities and the ageing 
population. The purpose of this research is to highlight the 
challenges that many people face in their everyday life and to 
determine the extent to which the aged and disabled people can 
interact independently with electronic equipment. Of special 
interest are the needs of people with limited or no use of their 
hands and arms, the blind and people with other visual 
impairments, the deaf and hard of hearing, people with speech 
impairments, and people with mental and intellectual disabilities. 
Projects in this category include: 

Prof Mariki Eloff's project on the challenges quadriplegics 
encounter in interacting with computers, as well as the assistive 
technologies that are available.  

The research group's involvement with the National Accessibility 
Portal (NAP) and the Independent Living (IL) projects, in 
conjunction with the Meraka Institute of the CSIR. NAP is a 
research initiative supported by national government through 
the Office of the Status of the Disabled in the Presidency. Both 
the NAP and the IL project aim to develop information and 
communication technologies (ICT) to empower people to live 
independently and to prevent marginalisation from the 
mainstream economy and society. The initiative is aligned with 
NEPAD's strategies and the goals of the Africa Decade of 
Persons with Disabilities (1999 - 2009). Unisa is actively 
involved in testing the software, especially the usability aspects, 
as well as in researching the issues involved. Project leaders: 
Prof Paula Kotzé, Prof Mariki Eloff and Ms Marde Greef 
(Meraka).  

Fundamental Usability Research: This project involves researching 
various aspects of usability, from design to evaluation. The aim is 
to establish guidelines to inform interactive systems design in 
general, up to return of investment and business-IT alignment 
issues, and for specific application areas such as interactive 
educational software, e-commerce and enterprise information 
systems. Project leaders: Prof Paula Kotzé, Prof Ruth de Villiers 
and Mr Tobie van Dyk.  

Design Exercise  

The honours project on disabilities challenges students to design 
beyond the obvious.  

Background to Accessibility and Usability Project  

"In a fair society, all individuals would have equal opportunity to 
participate in, or benefit from, the use of computer resources 
regardless race, sex, religion, age, disability, national origin or other 
such similar factors." (ACM Code of Ethics).  

The increased pressure for universal access and usability is a happy 
by product of the growth of the Internet. Services such as e-
commerce, education, healthcare, travel, financial systems, mobile 
communication, etc. are expanding rapidly and users are becoming 
dependent on them [5]. Critics of information technology are many, 
but they often focus on the digital divide of an information poor 
minority (or Internet apartheid), with much less focus on the physical 
and cognitively challenged.  

The use of computers is becoming increasingly more important in 



The use of computers is becoming increasingly more important in 
everyday life, not only in the work environment, but also in our 
homes. Many people work from home and connect via the Internet to 
their offices. Whether for work or leisure, our interaction with 
computers should be as comfortable and productive as possible. This 
is even truer for individuals with disabilities and functional limitations. 
Do we always realise how frustrating it might be for a person not to 
be able to switch on a computer, let alone insert or remove a 
diskette? Using the keyboard may require a special device, allowing 
the user to press only one key at a time. To date, disabled people 
tend to adapt to technology, and they do not always require or even 
demand that technology must be adapted to their needs.  

Companies need to revise and enhance their computer facilities, 
including their Intranets, to accommodate the special needs of the 
differently-abled, in order to enable them to contribute to significantly 
greater performance and productivity. If customized technology can 
lessen the impact of a disability, organizations can expect more from 
their workers.  

Computers must be designed in such a way to enable users to 
perform tasks quickly, learn skills easily, and communicate in an 
atmosphere of competence, satisfaction and confidence, especially 
users with disabilities.  

According to the UN, people with disabilities numbers 500 million 
worldwide, "Providing access to the Internet will help people with 
disabilities advance economically, as well as provide them the 
technical skills to compete professionally in today's digital economy," 
UN Secretary General Kofi Annan said at a 2001 conference in New 
York [6].  

Research into how disabled people use computing and other 
electronic interactive devices, are therefore extremely important, and 
cannot be ignored.  

Human impairments can be classified into five broad groups 
(www.microsoft.com/enable/):  

Mobility impairments: Mobility impairments can be caused by a 
wide range of common illnesses and accidents such as spinal cord 
injuries, repetitive stress injuries, arthritis, strokes, cerebral palsy, 
Parkinson's disease, multiple sclerosis, and loss of limbs or digits 
(fingers or toes), amongst others. As a result of these accidents or 
conditions, individuals might be unable to use (or be without) arms 
or fingers to interact with their computers using the standard input 
devices, namely QWERTY keyboard or mouse. Standard computer 
input devices, for example the keyboard, have been developed for 
typists who use two hands and ten fingers.  

Visual impairments: Visual impairments include colour blindness, 
low vision and blindness. People who are blind cannot use a 
computer monitor and must receive information from their 
computers via another sense, usually hearing or touch. People with 
low vision can also receive information through sound or touch, or 
they can modify their computer displays so the screen is more 
legible (i.e. by using large letter sizes).  

Hearing impairments: Hearing impairments encompass a range of 
conditions ranging from slight hearing loss to deafness. People who 
have hearing impairments might be able to hear some sound, but 
might not be able to distinguish words. People with this type of 
hearing impairment can use an amplifying device to provide 
functional hearing. Other people might not be able to hear sound 
at all.  

Learning impairments: Learning impairments can range from 
conditions such as dyslexia and attention deficit disorder to 
retardation. Cognitive and information processing problems are the 
most common and have the most impact on a person's ability to 
use computer applications. These conditions interfere with the 
learning process. Many people with this kind of impairments are 
perfectly capable of learning if information is presented to them in 
a form and at a pace that is appropriate to them individually. 
During the learning process, many individuals with learning 
difficulties benefit from having a multi-sensory experience of audio 
speech paired with a visual representation.  

Language impairments: Language impairments include conditions 
such as aphasia (loss or impairment of the power to use or 



such as aphasia (loss or impairment of the power to use or 
comprehend words, often as a result of brain damage), delayed 
speech (a symptom of cognitive impairment), and other conditions 
resulting in difficulties remembering, solving problems, or 
perceiving sensory information. For people who have these 
impairments, complex or inconsistent visual displays or word 
choices can make using computers more difficult.  

People with physical or cognitive impairments may therefore have 
severe limitations that interfere with their ability to access and use 
computers. People with physical limitations may not be able to use 
these standard input devices effectively and may benefit from using 
special devices or software, for example speech recognition software, 
conversion modems, screen review utilities, word prediction 
programs, reading comprehension programs, on-screen keyboard 
programs, keyboard filters, touch screens, alternative keyboards, 
electronic pointing devices, sip-and-puff systems, wands and sticks, 
trackballs, screen enlarger, talking and large-print word processors, 
etc. Speech recognition software is developed for computer users with 
a variety of limitations, including individuals with no hand or finger 
movement. Screen reader software allows users with visual 
impairments to explore the Internet.  

The Design Project Description  

The project was set up to be an individual project (in contrast to a 
group project). The project requires the student:  

To choose two of the impairment groupings and make a study 
(literature) of the abilities (physical and mental) of people with the 
specific types of impairment.  

To do a study (search) of specific existing assistive computing-
related technology that is available for people with these 
impairments, their advantages, disadvantages and/or 
shortcomings.  

To suggest specific usability methods that could be used to 
evaluate products (hardware and software) aimed at the specific 
type of impairment, and give reasons why this would be the best 
option. This would require a prior study of usability assessment 
methods.  

Design (or re-design) and develop a small website that will be 
accessible to persons from both the disability groups chosen, as 
well as for people without disabilities.  

Test the website using the chosen usability methods and with at 
least one user of each of the disability groups and an able-bodied 
person.  

Write a report on your project including, your literature review, 
your web design, your evaluation, and most importantly 
highlighting the lessons learned.  

Experiences of Students  

Only two students have thus far (in the 2 year the project has been 
running) completed the entire project - the others opted out because 
it was 'too hard' or 'too much' work. Both students that did complete 
the project admitted to getting some help from others as it was just 
too much to do for one person. None of the two submitted websites 
actually delivered a site that can be described as successful:  

The first student ended up designing three websites - one for each of 
the groupings (mobility impaired and partially sighted), where a user 
had to click to indicate which version will be preferred. This may not 
sound optimal, but it actually worked and it is the way many websites 
that claims to be accessible are actually designed and developed. The 
website had only three pages.  

The second student designed a website for a use by screen reader 
(Blind person) only and for an able-bodied person. This website 
contained only two pages and limited navigation.  

The students commented on how much they have leant about 
designing for diversity and that it is not an easy and straightforward 



designing for diversity and that it is not an easy and straightforward 
process, but would definitely like to take up the challenge when they 
have more time on their hands.  

What have we learned  

When we set up the project description we did not anticipate the 
extent of the work to do the website implementation. We also learnt 
that our students are not equipped well enough to tackle the entire 
life cycle process on their own in a limited period of time (they also 
had to complete 9 other examination subjects). Changing it to a 
group project will make the project more viable, but then the group 
members must have diversity with regards to skills: planning, design, 
implementation and project management skills.  
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Figure 1: The sorted cards 

with named items

Figure 2: A web site 

description and a sample of 
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Mental Models in Practice

Ilari Jounila

About the author  

I hold an M.Sc. and I'm currently a PhD student in usability 

engineering in the Department of Information Processing Science at 

the Oulu University. My preliminary working title of PhD thesis is "HCI 

Education and Teaching". I have been for over two years a teaching 

assistant in HCI courses, such as Usability Testing, Interaction 

Design, and Introduction to Human-Computer Interaction.  

Have used the following methods in exercise:  

Heuristic evaluation  

Cognitive walkthrough  

Keystroke Level Model (KLM)  

Questionnaires: System Usability Scale (SUS)  

Paper prototyping  

Mental models (card sorting)  

Usability testing (including think aloud method and observing)  

Scenarios  

Personas  

Contextual Design  

We have initiated a new project. The focus of the project is to develop 

updating education for software designers. This is done from the 

perspective of HCI.  

Introduction  

This exercise was held at the Department of Information Processing 

Science of Oulu University. The students were in their second year to 

bachelor's degree. These students have studied common subjects, 

such as programming, but they are not very far in their studies. This 

exercise was part of the 'Introduction to Human-Computer 

Interaction' course. At this course, theory based lectures and 

practically oriented exercises overlapped. In bachelor's studies, this is 

the only compulsory, usability oriented course. This exercise was held 

in the beginning of the course.  

Aim  

The aim of the exercise is to familiarize the students with mental 

models. We want to get the students to realize that the developers' 

view of application is not the only one, but users have their own view, 

too. The students will also practice card sorting and think aloud 

methods, and increase their understanding of user test situation.  

Background  

People are said to build their own theories to understand the causal 

behavior of systems. These theories have been termed mental 

models. When people face a new system, they use these models to 

assess relations among topics and to conclude where to find things 

they haven't seen before. To figure out users' mental models, 

researchers have used think aloud method. In this method users are 

asked to think aloud as they are performing a specific task, for 

example in usability testing.  

Card sorting is a usability technique that is often used to discover 



Card sorting is a usability technique that is often used to discover 

users' mental model of an information space. It involves sorting a 

series of cards into groups that make sense to users (see Figure 1).  

The Exercise  

Preparation  

Read the article of card sorting method: Gaffney, Gerry. "What is 

Card Sorting?" Information & Design (2000).  

Task  

1. Open card sorting. You will get a paper with a predefined 

scenario (see Table 1), description of a web site and cards 

with named items. Your task is to read the scenario and then 

group cards in a way that makes sense to you. Name the 
resulting groups after grouping and write down all the items 

included in the groups. Then shuffle all cards but not named 

titles of groups.  

2. Reorganizing groups. You need to organize your group so that 

one person is a moderator, one or two persons are observers 

and one person is a test user for second group. You need also 

a test user from other group but make sure that his/her group 

has different subject than your.  

3. Closed card sorting and think aloud method. You need to 

describe the tested application (such as ice-hockey club web 

site) to test user. The test user groups cards under the named 

titles in a way that makes sense to him/her. The moderator 

activates thinking aloud and observers take notes. When test 

is finished, test user goes back to his/her group. 

Note: You can iterate task three so many times than 

necessary. 

Note: You can change the roles in your group.  

4. Analyzing results. Go through the observations from all the 

tests and discuss the findings in your group. If necessary, 

modify your web site structure based on user feedback.  

Table 1. An example scenario. 

Deliverables  

1. A refined structure of web site.  

2. Observation notes of user testing.  

Materials  

Predefined scenario in paper (same for all groups), at least two 

different descriptions of web site (different description for every 

second group), cards with named items of web page (see Figure 2), 

blank pieces of paper to naming the resulted groups, pencil to name 

groups. When preparing materials you should ensure that each term 

in cards is as clear and unambiguous as possible. E.g. "links" is not 

descriptive.  

Comments  

This exercise seems to be enjoyable among students. It helps 

students to see that designers' aspect is not the only possible solution 

and, moreover, it emphasizes the importance of observing the users. 

Other lessons learnt are:  

card sorting is an easy and cheap method in the early stages of 

design,  

"Lisa, your co-worker, has left the company and you are asked to 

finish the project started by her. In this project your task is to 

design a web site to the customer company. Lisa has started the 

project by doing interviews and observations in the customer 

company. She also has listed all the functions which are planned 

to be on the web site. However, the list is not organized at all. 

Your task is to design the structure of the web site." 



design,  

the moderator has an important role to make the test succeed,  

using think aloud method is not very simple.  

We have run this exercise only using web pages; of course it would 

work to any application or menu design as well. Our groups consist of 

3-4 students including the moderator, the test person and 1-2 

observers. Larger groups are not appropriate, because then there is a 

risk that some participants won't attend very actively.  
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100: remote control and 
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Figure 2: An alphanumeric 
telephonic keyboard
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HCI design is not only software design

Nestor Garay-Vitoria

Introduction  

In this paper, author's experience in teaching Human-Computer 
Interaction (HCI) design is presented. A design exercise that has been 
proposed to undergraduate students in an optional course within 
computer engineering curriculum of the University of the Basque 
Country last years is detailed and some conclusions that were 
extracted are commented.  

Author's Experience  

Nestor Garay-Vitoria has a MS Degree in Informatics (1990), a 
postgraduate Master (1992) and a PhD in Computer Science (2000), 
in the University of the Basque Country (Universidad del País Vasco - 
Euskal Herriko Unibertsitatea), Spain. Since 1991 he is working in the 
Laboratory of Human-Computer Interaction headed by Professor Julio 
Abascal, where he has collaborated on several research projects. 
These projects are mainly devoted to alleviate communication 
problems to people with severe motor disabilities. From 2004 on, 
author is leading some projects related to affective computing.  

At present he is an Associate Professor in the Computer Architecture 
and Technology Department of the abovementioned University. He 
has taught several undergraduate and postgraduate courses. Most of 
the postgraduate courses are related to HCI, usability and web 
accessibility. Some of this experience is presented in [1] and [2].  

His PhD dissertation has obtained the Extraordinary Award given by 
this University in October 2002. This dissertation presents studies 
made with text prediction to enhance both message composition rate 
and quality for people with slow writing. These studies are related to 
Standard Basque and Spanish languages.  

In the next section, an undergraduate course that author is teaching 
since 2001 in collaboration with Professor Julio Abascal is presented.  

Advanced Interactive Systems subject  

Advanced Interactive Systems is a 6-credit optional subject that can 
be selected by Informatics Engineering students in the 2nd cycle (4th 
and 5th years). People able to attend this course have previous 
knowledge of hardware (computer structure and architecture) and 
software (programming languages and software engineering). This is 
not the only optional course on HCI in the Informatics Faculty at the 
University of the Basque Country. There is another subject called 
"Human- Computer Interaction", mainly devoted to software for 
interface design.  

Advanced Interactive Systems aims to train the students in the 
design of complete human interfaces, which can include the design, 
connection and programming of new interaction devices.  

The table of contents of the course is:  

1. Introduction 

a. Human-Computer Interaction.  

b. The user interface.  

c. Input/output subsystem.  

d. Interaction devices.  

2. Modalities of human communication 

a. Human perception.  



a. Human perception.  

b. The senses.  

c. Cognitive processes in HCI.  

3. Standard input/output devices operation 

a. Standard input/output devices.  

b. Connection to the computer.  

c. Input/output system programming.  

d. Device drivers.  

e. Handling input/output from programs. OS calls.  

4. Natural interaction 

a. Voice synthesis and speech recognition.  

b. Natural language understanding.  

c. Recognition of the manual writing.  

d. Gesture recognition.  

e. Affective interaction.  

5. Other interaction paradigms 

a. Virtual and augmented reality.  

b. Architectures and devices for VR and AR.  

c. Devices for ubiquitous computing.  

d. Mobile systems. Context awareness. Wearable devices. 

6. HCI for people with special needs 

a. User features and needs.  

b. Accessibility and Usability. Design for all.  

c. Alternative input/output.  

d. Guidelines for inclusive design: The example of web 
accessibility.  

At the references section, some of the recommended books can be 
found: [3], [4], [5], [6] , [7], [8], [9], [10].  

Most students of Informatics Engineering are able to design user 
interfaces based on the standard input/output devices (namely, 
keyboard and mouse for input and display, and maybe loudspeakers, 
for output). But, what happens when they are faced to the design of 
interfaces for a different type of interaction? Are they able to imagine, 
find, connect, programme and use other devices than the usual ones? 
New types of mobile and ubiquitous interactions frequently require 
only a push-button, a small keyboard or a sensor.  

By teaching students to use non-standard devices for interaction, we 
manage to make them more aware of the features and specific 
characteristics of the standard devices. They also become able to 
consider the possibility of using other devices that can be more 
appropriate for a specific interaction.  

This subject includes a 33% of laboratories where the students apply 
the theoretical concepts discussed in the classroom. These 
laboratories are directly focussed to the interface design. But, in 
contrast to the usual HCI design laboratories where students mainly 
focus their efforts in programming languages for interface design, our 
laboratories habitually include the insertion of specific interaction 
devices taking into account all the characteristics of the system (user, 
context, task, etc.).  

Next section describes several laboratories, where students have to 
design a remote reduced keyboard, that can be used to enter 
characters to any computer application.  

Exercise proposed to students  

In the design exercise we are presenting in this paper, we propose 
students to design an alternative input device. They have to cope with 
both hardware and software requirements. On the one hand, they 
have to connect a remote keyboard. On the other hand, they have to 
create the software to communicate the remote keyboard and the 
computer. Finally, taking into account they are going to work with a 
reduced keyboard, they have to create expansion software that 
determines the real character entered.  



determines the real character entered.  

The program students develop detects keystrokes in the remote 
keyboard, use them to show in the visual interface which key has 
been pressed and then the program is used to write messages in the 
computer. That is to say, the application with the focus in the 
operating system receives the characters that are being selected with 
the reduced wireless keyboard. We use Eclipse 3.0 environment in 
order to make programming in Java code.  

Physical Connection of the Remote Keyboard  

In a previous design exercise, students have worked with scanning 
input by using a single-button and connecting the button with the 
computer via a parallel port. In this exercise, they work with a 
reduced keyboard with 24 keys that are distributed in 6 rows and 4 
columns.  

This distribution is due to the fact that they use a remote control from 
Creative (see Figure 1) named Creative CIMR 100. However, this 
control is used in this exercise to compose messages in the computer. 
Therefore, the interface students have to develop is the one shown in 
Figure 3.  

Serial interface is one of the possibilities to connect devices to 
computer and it is used in this exercise. In order to manage serial 
interface, students use javax.comm library that is included within 
comm.jar file that is in \lib directories related to Java language.  

The remote control of the exercise is used in combination with an 
infrared receptor. The receptor is connected to the serial interface of 
the computer. One of the topics that are made known to students is 
that they have to configure in the program the way the device will 
enter data to the computer. This is related to the communication 
protocol.  

Creating the Communication Software  

After connecting the device to the computer, students have to 
configure it and to verify the communication protocol in order to 
detect which keys are pressed in the remote control and enter 
characters into the computer. When the program starts, students 
have to configure protocol characteristics (flow control mode, serial 
port parameters, etc.). These characteristics are suggested by the 
teacher.  

Then, they have to verify whether a valid code has been read each 
time an input is detected from the device. We give students codes 
related to the keys that are in the remote control. We also present 
them the information that is received each time a key is pressed. In 
their programs, students have to verify there is no problem when 
receiving input data.  

Reduced Keyboards  

A reduced keyboard is a keyboard whose number of keys k is lower 
than the number of characters c that can be selected. c is the cardinal 
number of the selection set. The most common example of a reduced 
keyboard is the alphanumeric telephonic keyboard.  

Reduced keyboards can be handled by directly pressing each key or 
by scanning. In this exercise we use direct input.  

In order to avoid the need of remembering codes associated to 
characters, we can distribute characters among the keys in the 
keyboard. Given that the keyboard is reduced, each key has more 
than one character associated. Therefore, it is difficult to determine 
which character is the one that a user wants to select once a key is 
pressed. As it can be seen, it is necessary a disambiguation procedure 
to know which character is going to be selected. There are several 
disambiguation methods. One of them is pressing the key certain 
times, taking into account which one is the position of the requested 
character within the key. For instance, if we are using the keyboard in 
Figure 2, in order to write M, key 5 is pressed once, to write N key 5 



Figure 2, in order to write M, key 5 is pressed once, to write N key 5 
is pressed twice and key 5 is pressed three times to write O.  

Therefore, to write KEY with this keyboard you have to press 44229. 
However, this method has the problem of the ambiguities. For 
instance, if you want to write MOON, you have to write 555555555, 
but this combination can be interpreted as NOMO, MONO, ONMO, 
OMNO, NOOM, OOO, etc. Some of the possible interpretations may 
have no sense in natural language.  

In the exercise students have to develop, one of the interface options 
is selected after a period of time when a key is pressed or when 
pressing another different key. The selected character is the last one 
shown in the key. We consider that pressing a key once shows the 
first of the options that are associated to it; pressing twice shows the 
second one and, pressing one more time, normally first option is 
shown again, and so forth. When a character is selected, the interface 
returns to its initial state (see Figure 3). For instance, pressing the 
key in the upper left corner will show A in the visual interface instead 
of AB. A new keystroke in the same key will show B instead of A, and 
then A again if pressed one more time. When selected some of them 
(either A or either B), AB will be shown again in the upper left corner 
of the visual interface. Anyway, some students try to enhance 
interaction strategy, searching for other operational ways.  

As can be seen, each of the keys in Figure 3 has associated two 
options. There are 13 keys for selecting alphabetical characters, 5 for 
selecting numbers and the other 6 keys are for some punctuation 
marks or cursor control.  

Other Features of the Exercise  

Students have three sessions to make the exercise, mainly in the 
laboratory used for teaching. They have some aid that comes from 
teachers: for instance, the transmission protocol is detailed in the 
classroom. In general, they have enough time to make the exercise 
and they achieve a program that works.  

In this exercise, students design an interface with a portable wireless 
device. In most cases, this is the first time they cope with a similar 
topic. In general, this experience satisfies them. Moreover, taking into 
account that in near future most of devices will be wireless and 
portable, this exercise has a great importance in order to be prepared 
to new technologies.  

Students are finally requested to propose some enhancements to the 
system. Most of them propose including dictionaries in order to 
achieve a better disambiguation of the options. Some of them also 
propose some enhancements in the operational way.  

Conclusions and Lessons learned  

Our 5 years experience teaching HCI design within Advanced 
Interactive Systems subject showed us that most Informatics 
Engineering students are reluctant to modify and program the 
computer hardware. In particular, they are not used to consider the 
possibility of interacting with the computer using devices that are not 
standard. Even the inclusion of well known alternative input devices, 
such as joysticks (or any kind of devices for computer games), is only 
appreciated if they are plug-and-play.  

After studying the design of the whole interface in Advanced 
Interactive Systems course students are:  

more aware of the importance and limits of the input/output 
devices,  

capable of analyze the appropriateness of an input/output system 
for a specific user,  

able to consider the possibility of including in the design alternative 
interaction devices.  

Summing-up, the students enhance their capacity to face the design 



of the interaction system as a whole, considering all the factors 
implied in the process.  
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Understanding materials

Paula Alexandra Silva

Abstract  

This paper describes my experience in teaching/researching HCI and 

Design. Additionally, it presents my beliefs as well as my concerns 

about teaching HCI. Specifically, I raise attention to the importance of 

understanding materials while designing.  

Introduction  

HCI is a multi interdisciplinary subject, relating computer science with 

many other fields of study and research, such as psychology, 

aesthetics, anthropology, cognitive science and design, among many 

others. But, in short, HCI is about the study of interaction, between 

people (users) and computers.  

People, as well as computers, are characterised by a great level of 
complexity and, if the human is more stable, technology is rapidly 

changing. The framings of this reality constitute a challenge for us, 

educators, practitioners and researchers, demanding our permanent 

attention to: i) what is being developed or is about to be developed; 

ii) the methodologies we are using; or iii) the goals we are aiming at. 

In fact, if we do not grab this challenge with enthusiasm it can 

convert into a problem.  

In this paper, I share my beliefs and concerns about HCI and Design, 

calling particular attention to the usage and understanding of 

materials in creative/innovation contexts.  

Who am I?  

I am a Phd Student at Lancaster University, working with Professor 

Alan Dix. I am interested in understanding how usability can be done 

in a way that it not only preserves creativity, but also enhances it. 

This has particular relevance if we consider the new paradigms of 

interaction design, in which innovation plays a particular role. My 

interests spread over three main activities: teaching, consultancy on 

usability evaluation, and developing research for a European project. 

As a teacher for 7 years, I have taught various disciplines, such as: 

multimedia, design, databases or informatics for management, on 

graduate and post-graduate courses. And this is a facet of palexa's 

history, a Portuguese girl that loves life...  

What is my contribution?  

For the CONVIVIO Faculty Forum "Teaching Design for HCI" I can only 

bring my recently-acquired experience, accompanied by my young 
questioning spirit. Therefore, I will not present a well defined design 

exercise or methodology, but my beliefs, based on a set of personal 

findings, observations and exchanged experiences. Additionally, as an 

enthusiastic teacher I bring my concerns on teaching design and HCI, 

some of which I wish to discuss during this Forum.  

My contribution will focus on the several materials available to use 

with and in novel computer based systems and its potential uses and 

appliances.  

Understanding Materials  

New paradigms of interaction need innovation [4]. In fact, there is a 
full new set of applications that are currently appearing that are not 

merely technological and therefore require new design approaches. 

And, in fact, sometimes we do not need to invent new objects; what 



And, in fact, sometimes we do not need to invent new objects; what 

we do need is to look at the ones we already know and have and (re)

apply them in different forms or contexts.  

This sometimes requires design team members to step back and 

rethink their projects or even to think out of the box in order to 

create new ones. There are several techniques to promote these 

tasks, such as deBono six thinking hats [1] or BadIdeas [4]. Amongst 
others, these creativity techniques can be used not only to encourage 

critical and divergent thinking, but also to explore design in new 

domains in interaction. Often, this process involves two important 

activities that occur in subsequent phases, one divergent and another 

convergent1; one of exploration of ideas and another of 

implementation of one selected idea.  

As in the BadIdeas technique, thinking of the potential uses of 

materials implies a deep analysis and understanding of its properties, 

characteristics and affordances. This can be done by simply 

questioning what materials are available and are potentially usable, 
why, when and how or... why not, when not or how not to use them.  

For instance, can we have a mini foldable map that can be stored in 

our pockets that shows us where the nearest ice-creams shops are as 

well as the quickest path to our destination? My answer is: Definitely 

yes and it would be really useful! We just need a bit of smart paper 

with a small memory chip that can be customised at home, before our 

trips to unknown places (like Graz, for a Portuguese ...)  

But similarly, and maybe more important, that decision and creation 

process should be done in a free open mind, because unlike what 

happens with conventional software engineering, things are not well 

defined from the beginning and sometimes happen as insight or as a 

result of on going and just in time experience.  

Some Examples...  

In this section, I present three examples, wherein the comprehension 

of the materials' characteristics and properties demonstrated 

particular significance. Simultaneously, I perform a brief analysis of 

the context in which these occurred.  

A low-power, one-second call-time, static mobile phone 

charger, with free nylon carpet for use in the wild  

This example was extracted from the results of the Chindogu 

Scrapheap Challenge, an event that was held as part of a 

LeonardoNet Workshop in November 2005 [6] and that was used as 
an 'opportunity experiment' to study creative groups at work. During 

the workshop, 16 of the 20 participants were divided in three groups 

and given HCI themes. Within a day, they had to create a design and 

prototype faithful to the spirit of Scrapheap2 and Chindogu3. Design 

solutions used materials either provided by the organising committee 

or found by the groups.  

In the context described above, one of the groups proposed a low-

power, one-second call-time, static mobile phone charger for use in 

the wild (see Figure 1), that unlike others does not needed to be 

wound up. Static electricity was generated from a nylon carpet and 

would be enough to charge the mobile phone for one second of 

connectivity.  

To build the low-power, one-second call-time, static mobile phone 

charger, the group used: empty CD boxes, kitchen foil, a campervan 

carpet, wires, a small battery, a mobile phone, sellotape, a capacitor 

and rope. The nature of the exercise did not require a fully working 

prototype, but the understanding of characteristics and functions of 

the materials used to implement the prototype is clear. For instance, 

in the list of used materials, there is a capacitor 4, needed to 

transform the static energy in energy that can be used by the mobile 

phone.  

This example may sound weird or/and impracticable, but it does solve 

a problem and creates an opportunity of development. Additionally, 

the "creation" process produced a great sense of achievement as well 

as enthusiasm and fun, as the following dialogue between group 



as enthusiasm and fun, as the following dialogue between group 

members demonstrates:  

x: "Wow... Yeah... That would be really useful... To charge up our 

phones... We could communicate while we are in the wild...  

p: "Wow... A phone charger on static energy from nylon carpet... It's 
not a bad choice!...The spot! In the wild!"  

x: "So when you charge you don't get so much energy, so my guess 

is that it will give us a second of energy to talk..."  

Virtual crackers  

The virtual crackers came out of Alan's research regarding the 

importance of deconstruction and reconstruction as a technique for 

understanding interactive experience and then applying it to the 

redesign and recreation of experience on new media [2], [3].  

The table bellow shows the features of both real and virtual crackers 

and its mapping. As we can observe, each relevant property of the 

experience with the real crackers has it (possible) correspondence in 

the virtual version.  

Figure 3 illustrates with a schema how the virtual crackers work, 

reflecting the deconstruction of the experience of real Christmas 

crackers and its reconstruction in a web version. The recreation 

process of the crackers experience in a new medium demanded a 

deep understanding of the materials involved, in both reference and 

virtual world.  

Pin&play  

Pin&Play [7] was a one year project (2002-2003) sponsored by the 
IST-FET programme of the European Commission, based at Lancaster 

University. It consists of a new approach of ad-hoc networking among 

objects that people can attach to large surfaces, such as walls and 

notice boards. Those augmented surfaces are implemented with low-

cost conductive material, creating smart surfaces that can be used as 

communication medium. The objects are attached to such surfaces by 

means of simple pin connectors, to provide users with a familiar 

mechanism for adding objects to the network.  

Besides the inherent usefulness of such smart surfaces the aspect I 

would like to detach here is the way the idea emerged and was 

implemented, especially into what respect to the materials used.  

The idea of Pin&Play came out at a coffee break, while some of the 

members of the UbiComp group were talking about using pins as 

connectors. This theme led to the idea of combining pins with textiles 

that can conduct electricity. The result was a novel technology that 

actually has sensible applications.  

Concerning the implementation and the material used, we noticed 

that most of them were definitely not originally from a computer 

science domain, but, as we can observe in Figure 3, from textile, 

medical and playing domains.  

From my point-of-view, it was the ability of the researchers to 

understand the materials and its properties, apart from its original 

domain, that made this project possible.  

Discussion  

The examples provided demonstrate the importance of 

comprehending materials in its diverse perspectives in order to make 

the best use of it. In the first example, materials appear as 

constraints that, in a second stage, work as prompts for new designs. 

In the second example, the material properties and its 

conditions/environment have to be understood in order to be 

recreated in the virtual context. Finally, in the third example, 

materials appear as inspiration, prompting new ideas by re-applying 

existent materials in completely different domains.  



existent materials in completely different domains.  

Conclusions  

In this position paper, I reflected about the importance of 

understanding materials and their various appliances for design. 

Additionally, I provided three distinct examples of design situations in 
which the understanding of materials played a significant importance.  

Finally, and getting back to the challenge I refer to in the introduction 

of this document, I would like to try to approach the challenge (before 

it converts into a problem), saying that:  

As practitioners and researchers, we should permanently feed our 

questioning minds and spirits, to make them fitted and ready to 

accept and evolve along with the present changing environment.  

As educators, besides following the example of practitioners and 

researchers, we are also responsible to promote, even provoke, 

exciting, engaging and vivid experiences in our students. By doing 

this, we will be fostering the creative and innovative minds they have 
(whether they discovered it already or not).  
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2  The Scrapheap Challenge is an engineering game show produced 

by RDF Media and broadcasted on Channel 4 in the UK. In the show, 

teams of contestants have 10 hours to build a working machine to 

perform a specific task, using materials available in a scrapheap.  

 
3  Chindogu is the Japanese 'art' of inventing ingenious everyday 

gadgets. These gadgets appear to be clever solutions to a particular 

problem, however, anyone actually attempting to use a Chindogu 
invention would find that it causes so many new problems or such 

significant social embarrassment, that effectively it has no utility. 

Thus, Chindogu are sometimes described as 'unuseless' i.e.: they 

cannot be regarded as 'useless' in an absolute sense, since they do 

actually solve a problem, however, in practical terms, they cannot 

positively be called "useful". (See website.lineone.net/~sobriety for 



positively be called "useful". (See website.lineone.net/~sobriety for 

details and examples)  
 
4  A capacitor is an electrical device that can store energy in the 

electric field between a pair of closely spaced conductors (called 

'plates'). When voltage is applied to the capacitor, electric charges of 

equal magnitude, but opposite polarity, build up on each plate. In this 

case the capacitor was formed by the aluminum foil wrapping CD 

cases.  
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Design Education Methods - 
Examples and Findings

Konrad Baumann

Biographical Summary  

Since 2000 I am full-time teaching User-Centred Design 

and Interaction Design at FH Joanneum University of 

Applied Science’s Department of Information Design in 

Graz, Austria. Also I am lecturing in User Interface Design 

at Danube University Krems’ Centre of Telematics and 

Media in Krems, Austria, and at the Centre for Accessible 

Studies (IIS, BFWD) at Johannes Kepler University Linz, 

Austria, within their study programme in web design for 

accessibility.  

I have been leading research projects like the perception 

lab "VisionSpace" (www.vision-space.at) during the last 
years. I am co-author of two books:  

K. Baumann & B. Thomas "User Interface Design for 

Electronic Appliances", Taylor & Francis 2001  

K. Baumann & H. Lanz "Mensch-Maschine-Schnittstellen 

elektronischer Geräte", Springer 1998  

I am holding a PhD, from Vienna Technical University. My 

dissertation about methods of design education has been 

supervised by Peter Purgathofer. My master’s degree is in 

Telematics Engineering from Graz Technical University.  

Before starting to teach in 2000 I have been working in 

industry with Mikron Identification Gratkorn, Philips 

Semiconductors, and Philips Consumer Communications as 

a product manager for user interface design and usability 

engineering.  

How Designers Teach  

My position paper gives an introduction to and overview on 

the project "How Designers Teach - a Qualitative Research 

on Design Didactics". It is a follow-up of my doctoral thesis 

and related workshops.  

In his "Software Design Manifesto" (1990) Mitch Kapor 

stated that "We need to create a professional discipline of 

software design. [...] Software designers should be trained 

more like architects than like computer scientists". Thus, 

the didactics of "software design" or "interaction design" 

should be oriented towards the didactics of the classical 

design disciplines, like architectural design.  

Education consists of curricula and teaching methods. 

Current interaction design programs, however, often re-use 

methodology from science and engineering education.  

The starting point of my research was the belief that in 

order to train "software designers" (in Mitch Kapor's sense) 



order to train "software designers" (in Mitch Kapor's sense) 

or "system designers" the educators in related disciplines 

should learn from teaching methods of design education.  

The goal of my research was to create an overview on 

design didactics by the means of in-depth interviews, to 

compare it with the current status of design research, and 

to reflect whether it is applicable for education in 

interaction design.  

The fields of technology and science have fundamental 

differences from the field of design with respect to their 

approach to problem solving. Hence also the didactics of 

design are very different from other disciplines. Rittel and 

Webber (1973) described these differences as the 

categories of "tame and wicked problems".  

I will illustrate tame and wicked problems with a few 

examples or metaphors like a Vermeer picture compared to 

painting with numbers or a pot of dirty water as a 

metaphor for software design.  

My research method was based on qualitative (in-depth) 

interviews like:  

Peters and Waterman (1993) "In Search of Excellence",  

Mihaly Czikszentmihalyi (1994, 1997) "Flow", 

"Creativity",  

Bryan Lawson (1994, 1997) "Design in Mind", "How 

Designers Think".  

The interview guideline consisted of 75 questions in 16 

groups. I carried out 11 interviews in the first phase of the 

project.  

Then, an extensive content analysis was performed using 

tape recording, transcription, translation, topicwise sorting 

of full text, extraction of statements, comparison with 

literature, clustering, graphical representation and 

discussion of the results.  

The interview guideline covered 75 questions regarding 

design education methods, group work, practical examples 

vs. theoretical foundations, interdisciplinarity, international 

exchange, importance of and education to creativity, design 

process, preferred school type, access limits, evaluation 

and grading, and future trends and challenges.  

The results showed that a wide variety of different design 

education methods are used in parallel, like the following:  

1. one-to-one tutoring  

2. "scholae", walk and talk  

3. individual email threads  

4. teacher personality  

5. group teaching  

6. coaching of teams  

7. problem-based learning  

8. studio-based teaching  

9. workshops, group work  

10. practical exercises with feedback  

11. project work  

12. interdisciplinary projects  

13. bidirectional exchange  



14. exchange between students  

15. "final crits", critique sessions  

16. hearings  

17. competition or pitch  

18. readings and discussion  

19. action-production-reflection  

20. project hand-over  

21. presentation hand-over  

22. excursions  

23. guest speakers  

24. lectures (only in combination with other methods)  

These methods have a certain overlap, e.g. workshops and 

PBL, hearings and crits. Some methods are elements of 

others. There is apparently no big influence of "trends" or 

"schools" in design education. Instead, every design 

teacher picks his or her favourite methods, modifies some 

or invents new ones, creating an individual portfolio of 

methods, modified constantly.  

Conclusions  

Tables 1-2 present the results of the interview-based study 

on design education described in the first part of this paper. 

The detailed answers of 11 interviewees have been sorted 

with a number-based approach according to the topic. In a 

next step I made a visual representation of the results of 

every chapter. These visual summaries were then again 

combined to the two tables. The answers were colour-coded 

to create a better overview:  

Green .... Yes, positive answer, high value, etc.  

Red / Orange .... Now, negative answer, low value, etc.  

Blue .... Undecided, intermediate, medium value, etc.  

Yellow .... Not applicable, different question, etc.  

The visual representation of the results had two goals: 

First, to make the results readable more quickly. Second, to 

check whether there are any patterns that could correspond 

to distinct schools or different ways of design education.  

As can be seen easily, it is not possible to detect any 

patterns in the tables. Therefore the main outcome of the 

study is that design education is highly individual. Every 

educator uses his or her favourite methods, combines 

existing ones or creates new ones.  

There are only a few questions that had unanimous 

answers from all design educators: All of the 11 design 

educators...  

are at least partly teaching in small groups,  

consider design education as highly interdisciplinary,  

consider today’s design education better than it used to 

be,  

consider student exchange as very valuable,  

mention that the traditional job description disappears, 

and that technology dominates the job today.  

I used them as an input for workshops and discussion with 

interaction design educators. In my talk I will present the 



interaction design educators. In my talk I will present the 

reflections and results of these workshops as well and try to 

find out more about the applicability of these findings for 

HCI education.  

In the following two sections I present two design education 

methods from my own teaching experience.  

Example #1: Cultural Probes  

CONTEXT  

Cultural Probes is a method which belongs to the analysis 

and research phase of an extended design process. It is 

situated somewhere at the intersection of the fields of art, 

design and research. I learned abouth the method in 2001 

and used it since then in a shortened form in my seminars 

in Austria.  

Randomly selected people receive an invitation to 

participate in the Cultural Probes project. If they agree, 

they will receive a few questions and some material like: a 

small paper notebook, a pencil, and a one-way disposable 

camera. They will be asked to collect or provide some 

information and send them back.  

In my seminars on user-centred design I usually have the 

students perform Cultural Probes in a light version. They 

either answer the questions and take the pictures from 

their own room or flat. Alternatively they would ask 

somebody else to give them this information. In 2006 I 

used the method for the first time in a course carried out 

via e-learning.  

AIM  

The method generates awareness for cultural and social 

differences between geographically remote societies or 

different user groups within a society.  

BACKGROUND The method of Cultural Probes has been 

developed at the Art by Bill Gaver, Tony Dunne, and Elena 

Pacenti and published in 1999 (Cultural Probes, 

Interactions. ACM, Danvers, 21-29). Later it was presented 

by the same authors at the IDII summer school in Ivrea, 

Italy, in 2001.  

THE EXERCISE  

Take pictures and write short descriptions of:  

your personal desk at home, i.e. the place where you 

would write letters  

how you behave when you have a longer phone call at 

home (do you walk around, lie on the bed, place your 

legs on the coffee table etc.)  

the place where you store newspaper and magazines at 

home  

your favourite object, when and where you received it 

and why you like it  

When you have collected this information, send back the 

camera with the pictures and the text to the person or 

team carrying out this project. Alternatively, upload or e-

mail the information to a specified destination.  

MATERIALS  



MATERIALS  

Original version: pencil, paper, disposable photo camera  

Adapted version: digital camera, computer  

COMMENTS  

In my seminars I usually have the students perform 

Cultural Probes in a light version. They either answer the 

questions and take the pictures from their own room or flat. 

Alternatively they would ask somebody else to give them 

this information. The strength of the method of Cultural 

Probes is based on the fact that you get people to 

participate in your project who would usually never 

participate in any art or design project. Also it is quite easy 

to get information from remote participants, so you can 

learn about cultural differences. Both these aspects are lost 

when the exercise is carried out by the student group itself 

like I do it regularly in my seminars. However, it was 

interesting to see that the students still appreciated the 

exercise a lot. From the student feedback I got convinced 

that even my "quick and dirty" version provided to the 

students the essence of the method, which is to create 

insight into and understanding for a part of society which 

you would not easliy get hold of in any other way.  

Example #2: Circular Handover  

CONTEXT  

The method has been reported by Andreas Gruber from 

Graz Technical University. The method is used in the course 

on 3D modelling and rendering by Andreas Gruber. The 

participants are students of architecture at Graz Technical 

University.  

AIM  

The students learn several essential challenges in design: 

First, that design is a process that can be subdivided into 

several steps. These steps are independent and can be 

carried out by different people. Defining and maintaining 

proper interfaces (handover) between the phases can be 

the origin of several difficulties. The importance of a 

creative idea should not be over-estimated for the final 

result. Furthermore, they train their ability to communicate 

their intentions properly to others, give away their ideas 

and learn to integrate the ideas of others into their own 

thinking.  

BACKGROUND  

The exercise is divided in several steps. Students are 

working on artifacts that are handed over to the next 

student after every step. This basic idea can be developed 

with different assignments and using various materials.  

THE EXERCISE  

The exercise is subdivided in several phases which are 

carried out in parallel by several students individually. After 

every phase, present your result. Then, hand over your 

artifact to another student and get a new artifact which you 

will use for the next phase.  

Create an artifact: e.g. creatively fold or crumple up a 

piece of paper.  

Take pictures of the artifact.  

Make sketches that use the pictures as a starting point.  



Make sketches that use the pictures as a starting point.  

Identify spaces inside the artifact.  

Make a 3D simulation of the artifact.  

MATERIALS  

Pencil, paper, digital photo camera, computer, printer, 

software for 3D rendering.  

COMMENTS  

The handover method has to be defined as well. This can 

be done in a random way i.e. by using the order from a 

randomly ordered list of students. Alternatively, every 

student has to choose a different artifact to continue with 

after every step. The selections have to be done in a certain 

order. This gives feedback to the students about which 

artifacts are most interesting to the other students. More 

than this, the selection or grading of a design will initiate 

discussion and reflection on this phenomenon which is 

common in the daily practice of a designer.  

A derivate of this method is the "presentation handover" 

which has some similar benefits. Students carry out a 

design project, e.g. design a house or a website. The result 

has to be presented to a jury, or to the supervisor and the 

other students. This presentation has to be handed over to 

another student. So every student presents a piece of work 

done by somebody else. As communication is usually bad, 

this is a funny experience which leads students to an 

understanding of how important it is to commmunicate the 

own design approach properly to colleagues, management 

or customers.  



 



 



How do we communicate with(in) 
intelligent spaces?

Charalampos Rizopoulos, Dimitris Charitos

Introduction  

Ιntelligent user interfaces (IUIs) seem to be among the 
most important paradigms for future research in Human-
Computer Interaction. "Intelligent" or quasi-intelligent 
behaviour may be applied to both virtual and real space. 
Although the technologies that lead to the realisation of 
such spaces have been extensively documented, this has 
not been the case with the impact of these technologies on 
the user. This paper reviews relevant literature with the aim 
of examining intelligent spaces as a type of spatial interface 
and documenting their importance for the formulation of 
the user's spatial experience. It attempts to investigate 
relevant theoretical approaches that may be applied into 
studying human behaviour and communication within the 
context of intelligent spaces. Ultimately, this paper aims to 
outline the influence of intelligent spaces on the users' 
activity within the environment and their environmental 
experience in general.  

"Intelligence" may be bestowed on real (Ambient 
Intelligence) or virtual (Intelligent Virtual Reality) spaces. 
Although both cases refer to space, they do so from a 
different perspective. Ambient Intelligence (AmI) may be 
seen as the convergence of ubiquitous computing, 
multimodality, and Artificial Intelligence. Its goal is to 
support and augment human-computer interaction by 
positioning this activity within an everyday spatial context. 
In contrast to Virtual Reality (VR), the user is not placed 
inside a synthetic environment; rather, devices are placed 
in the real environment the user inhabits. Both approaches 
utilise networked intelligent artefacts that are embedded in 
the environment, whether in real or virtual space 
(essentially an additional layer of information), and 
negotiate multimodal content which dynamically changes as 
a result of user interaction. These artefacts are added to 
static spatial elements, forming a coherent whole that 
offers an enhanced environmental experience.  

For reasons mentioned above, some authors (e.g. Weiser, 
1991; Riva, 2005) consider AmI as the opposite of VR. 
However, it is suggested that the differences of these two 
cases of intelligent space do not prevent the theoretical 
approaches discussed in this paper from being applicable to 
both kinds of intelligent space.  

Characteristics of intelligent spaces  

The preceding discussion reveals that intelligent spaces 
share three important characteristics: ubiquity, 
multimodality, and adaptation. Ubiquity refers to the 
"omnipresence" of the system through the implementation 
of numerous networked devices scattered throughout the 
environment (e.g. ubiquitous computing), taking advantage 
of the fact that humans are physical beings, "unavoidably 
enmeshed in a world of physical facts" (Dourish, 2001: 99) 
and thus familiar with physical artefacts (or with virtual 
artefacts that resemble real ones). An essential aspect of 
ubiquity is the physical or mental "disappearance" of the 
devices. As McCullough (2004: 3) noted, "the most 



devices. As McCullough (2004: 3) noted, "the most 
significant technologies tend to disappear into daily life". 
Physical disappearance may be achieved by "hiding" the 
devices from plain sight (e.g. using small-size devices). 
Mental disappearance refers to the user perceiving 
computing devices as everyday objects with augmented 

functionality1 due to their integration with the general 
ecology of the environment (Alcañiz and Rey, 2005: 4). The 
user is presented with an environment, which offers a wider 
selection of possible actions while retaining a familiar 
structure. Devices are moved from the centre of our 
attention to the periphery, the area just outside focal 
attention (McCullough, 2004: 49). The environment acts as 
the interface and consequently the interface is spatialised.  

Multimodality refers to the ability of the system to utilise 
multisensory content as input and output. It is seen as an 
efficient HCI practice and an indicator of a system's 
usability (Negroponte, 1996). Since humans utilise various 
modalities during direct human-human communication, the 
implementation of such modalities in HCI results in 
interfaces with reduced cognitive load (Russell et al., 
2005). Furthermore, the use of other senses besides vision 
may accelerate user adaptation (Kuivakari and Kangas, 
2005) and hide some technical deficiencies (Negroponte, 
1996). Multimodality is a key ingredient of spatial 
experience: apart from visual sensory input, the experience 
of space involves the perception of auditory, olfactory, 
thermal, and tactile input, and the sense of proprioception 
(Gibson, 1986: 111). All these sensory input contributes to 
the establishment of a sense of space. This approach is also 
in agreement with Hall's conception of space (1966: 41-
63). Therefore, it may be suggested that the development 
and use of multimodal interfaces results in spatial 
interfaces affording a more complete spatial experience.  

Lastly, adaptive systems adapt to the user's characteristics 

and environmental conditions2 via appropriate AI methods. 
Advances in adaptive technology and affective computing 
(e.g. Picard, 1997) will allow for the design and production 
of more personalised interfaces.  

The aforementioned tendencies and technological advances 
contribute towards the replacement of the dominant, 
dialogue-like human-computer interaction mode and the 
adoption of a different, more implicit form of human 
computer interaction, which Schmidt (2005: 164) 
appropriately names "Implicit Human-Computer 
Interaction" (iHCI). In the context of iHCI, the user offers 
implicit input and receives implicit output. Implicit input 
refers to actions and behaviours of the user, which are not 
considered primarily as interaction-initiating, but are 
perceived as such by the system. Implicit output, similarly, 
refers to output, which occurs as a result of the reception 
and processing of implicit input. Implicit output is 
seamlessly integrated with the environment and supports 
the user's task. Essentially, the system detects subtle 
communicational cues inherent in the behaviour of a human 
through the use of appropriate devices. After processing 
these data, the system reaches some conclusions about the 
user's state and the task to be accomplished and may 
subtly act on the environment towards increasing the 
possibility of the user successfully completing the task.  

User experience and communication in intelligent 

environments  

Intelligent spaces may substantially alter the relationship 
between user and computer. From a communicational 
perspective, a person's experience of reality is altered by 
an additional layer of mediation that is placed between the 
user and the environment. This layer may have an impact 
on the users' conception of the computer their behaviour 
within such an enhanced environment. This section will 
focus on theories that have attempted to describe the 



relationship between the user and the context3 wherein 
interaction takes place, in order to develop a better 
understanding of intelligent spaces at a communicational 
level.  

Paradigm shift: the computer as a potential 

interlocutor  

The cognitive approaches are the earliest paradigms that 
describe the relationship between human and computer. 
According to these, the human brain is seen as a specific 
type of information-processing unit consisting of a sensory 
input subsystem, a (higher level) central information 
processing subsystem, and a motor output subsystem 
(Kaptelinin, 1996). Memory provides a comparison with the 
representations of past experiences. An action may take 
place in the cognitive conscious or the cognitive 
unconscious, depending on whether it can be performed 

automatically, without conscious effort4 (Raskin, 2000).  

Human-computer interaction may be seen as a constant 
information-processing loop involving two systems, the 
human and the computer. One's output serves as the 
other's input. This approach has the advantage of 
simplicity, but it fails to take into account the wider context 
in which interaction takes place. The advent of IUIs 
solidifies a shift of our view of computers, which was 
initiated by the transition from mechanistic to linguistic 
interaction methods (Suchman, 1987). Computers are no 
longer seen as simple tools; they have been viewed as a 
social medium (McCullough, 2004: 3) and even as potential 
interlocutors or "social actors" (Nijholt, 2004); humans tend 
to attribute to them abilities and traits they do not have 
(e.g. intelligence) and are willing to interact with them in 
the same way as they do with other humans - especially in 
the case of anthropomorphic artificial entities. The 
experience of the former is, to them, similar to the latter 
(Bickmore, 2004).  

Furthermore, it has been suggested that users who are 
aware of the possibility that their activity in an intelligent 
space is being monitored behave differently than if they 
were convinced to the contrary. Thus, intelligent spaces 
may have some of the characteristics of public spaces 
(Nijholt, 2004).  

Plans and Situated Actions  

Planning is often considered the driving force behind 
actions. Cognitive approaches view plans as the script for 
an activity, to be decided beforehand and followed. This 
model has been favoured by Artificial Intelligence research 
and models human activity as the formulation and 
execution of plans (Dourish, 2001). Plans are formulated 
with a goal in mind. The goal is divided into sub-goals, 
which are in turn divided into further sub-goals and so on 
until a level is reached in which no further division is 
possible.  

The planning model, however, has been challenged by the 
Situated Action Theory (SAT) (Suchman, 1987; Mantovani, 
1996). Proponents of SAT argue that plans do not 
determine the outcome of an activity; instead, they are 
fully formed after the activity has taken place in an attempt 
to describe or explain it. In short, the structuring of an 
activity may occur only as a result of the immediacy of the 
situation (Suchman, 1987; Nardi, 1996a). As Suchman 
(1987: 50) observes, "every course of action depends in 
essential ways upon its material and social circumstances". 
Humans often act on impulse and adapt to these 
circumstances, achieving intelligent action. Contexts in 
communication are not preset; rather, they are co-
constructed by the participants. Communication is not 
viewed as the process of information exchange, but as the 



viewed as the process of information exchange, but as the 
process of the exchange of meanings and interpretations of 
the situations the actors are involved in (Riva and 
Galimberti, 2001). In a sense, humans make sense of 
environments through activity in habitual contexts 
(McCullough, 2004: 21).  

Intelligent spaces that adhere to the practices of 
multimodality, adaptation, and personalisation are expected 
to facilitate the creation of computers able to deviate from 
the planning model and assume a more human-like 
behaviour.  

Activity theory  

According to Activity Theory, artefacts such as tools and 
sign systems assume a crucial role in the shaping of all 
human experience. As such, human activity cannot be 
understood without an understanding of the role of 
artefacts in everyday social practice (Nardi, 1996b).  

The interplay between actions and goals is highlighted by 
the hierarchical structure of activities (Kaptelinin, 1996). 
This structure consists of three distinct but interconnected 
levels. An activity sits at the top level and acts as the direct 
answer to a specific objective of a subject. This objective 
characterizes the activity as a whole and is formed in order 
to satisfy a need. Activities consist of a sequence of actions, 
which correspond to goals. The fulfilment of actions and 
goals brings the subject closer to the accomplishment of 
the objective and the activity closer to its completion. 
Actions are undertaken by the completion of operations, 
which reside at the lowest level of the activity hierarchical 
structure and refer to actions performed automatically, 

without requiring conscious effort5. Operations are 
regulated by conditions, which encompass any 
characteristics of a given artefact that may influence the 
outcome of the operation. Certain actions may, due to 
habituation, become operations, their successful completion 
no longer requiring conscious effort. Operations may 
become actions if the conditions that regulate them change, 
as for instance in the case of equipment malfunction. In 
this case, the subject is forced to expend more cognitive 

resources in order to complete these actions successfully6.  

An intelligent space is dependent on the environmental 
setting, elements of which are the intelligent artefacts 
embedded throughout the environment. The arrangement 
of space and the artefacts in it may facilitate or impede 
habituation (and, consequently, influence the 
characterisation of an act as either action or operation), 
depending on whether it effectively supports the user's 
spatial reasoning skills. As Suchman (1987) notes, self-

explanatory artefacts whose purpose and affordances7 
become apparent upon examination, assist in the resolution 
of the paradoxical nature of modern technology, namely the 
requirement of increasingly complex technology being 
usable after decreasing amounts of user training. The 
"intelligence" and intelligibility of artefacts might contribute 
even more towards successful support of user activity in 
the context of real space.  

The notion of planning in Activity Theory is not as rigid as 
the planning model described earlier. Activity Theory does 
not consider humans and artefacts as equally important, 
thus demonstrating a more "human-centred" outlook of the 
relationship between artefacts and human activity. Rather, 
artefacts are seen as external components that augment 
human activity. Thus, functional organs are formed 
(Kaptelinin, 1996) which impart humans with the ability to 
perform a previously impossible function or to perform an 
existing function more efficiently. Therefore, in the context 
of this view, the user's interaction with the environment is 
mediated by the computer, seen as a special type of 
functional organ. This view has led Kaptelinin (1996: 111) 



functional organ. This view has led Kaptelinin (1996: 111) 
to suggest that two interfaces should be considered, one 
between the user and the computer and another one 
between the computer and the environment. In the case of 
an intelligent space, however, the computer is an essential 
part of the environment that should facilitate the 
decomposition of the user's objectives into actions and 
operations by presenting the user with appropriate 
affordances (essentially, the environment is the system, as 
far as the user is concerned). It should also ensure that the 
conditions of an operation remain largely unchanged, so 
that the task may retain its operation status and be 
accomplished with a minimum of cognitive effort. To that 
end, the system should limit the number of user 
interruptions (breakdowns) to a minimum, and only for the 
correction of significant problems or the overall 
improvement of the flow of an activity (Riva, 2005). 
Support of the user's modalities in the user's physical 
environment helps preserve intuitiveness, thus facilitating 
habituation and reducing cognitive load.  

Discussing the spatial experience afforded by 

intelligent environments  

Merleau-Ponty (1962: 252) has suggested that "being is 
synonymous with being situated" and that "… space is 
existential; we might just as well have said that existence is 
spatial" (1962: 293-4). Thiel (1961: 35) defines spatial 
experience as "a biological function, necessary for the 
continual adaptation of any organism to its environment, 
for the purposes of survival". Accordingly, Norberg-Schulz 
(1971: 9) explains the spatial experience of humans: "Most 
of man's actions comprise a spatial character, in a sense 

that objects of orientation are distributed according to 

spatial relations…Man orients to objects; he adapts 

physiologically and technologically to physical things… his 

cognitive or affective orientation to different objects aims at 

establishing a dynamic equilibrium between him and his 

environment". These physical objects, which are distributed 
in space, actually allow for space and the spatial experience 
as such, by virtue of their formal characteristics and 
position in space. Active intent is vital for the formation of 
context. According to McCullough (2004: 52), a context for 
an action is created due to "a coupling of perceived 
resources to active intent", and the sum of all present 
contexts forms the environment. When affordances are 
perceived in a similar fashion by different people, the 
identity of the environment is reinforced.  

Human-computer interaction acquires such characteristics 
as disappearance, implicitness and transparency. 
Consequently, information technology has become ambient 
social infrastructure (McCullough, 2004: 21). It may be 
suggested that in the case of intelligent spaces, the 
interface is spatialised and user interaction now takes place 
in the context of an environment. This results in a 
transformed type of spatial experience, where interaction 
capability and "intelligence" is bestowed upon physical 
objects that partly determine spaces as well as on spatial 
entities themselves. Thus, the spatial experience in this 
case is determined by both static physical objects and 
dynamically evolving entities, which function as 
input/output devices for mediating information 
communication amongst the user and the system. Some of 

these mediating entities however8, may also be 
experienced as physical entities too and in their way 
contribute to determining the spatial experience as such.  

The interaction between the user and the system takes 
place within a social and a physical (or virtual, but spatial 
nevertheless) context. Intelligent spaces may influence 
both of these types of context, which, in turn, may have an 
effect on the users' behaviour. Space is transformed into a 
quasi-intelligent entity that keeps track of the users' 
activities via multimodal techniques. As suggested earlier, 
enhancing the multimodal character of an environment may 



enhancing the multimodal character of an environment may 
result in a more complete spatial experience. Also, 
embedding "intelligence" in real environments, combined 
with the implicitness of interaction afforded by such 
systems may result in an environmental experience, 
resembling the experience of a public space. Indeed, the 
fact that the user is aware of being monitored makes 
intelligent spaces similar to public spaces in terms of the 
way the user's behaviour is influenced. The system's 
adaptation to the user may facilitate user's habituation to 
the system's presence, which may ultimately lead users to 
consider such spaces as private once again.  

References 
 

1. Alcañiz, M. and Rey, B. (2005), New Technologies 
for Ambient Intelligence, in G. Riva, F. Vatalaro, F. 
Davide and M. Alcañiz (eds), Ambient Intelligence: 
The Evolution of Technology, Communication and 

Cognition Towards the Future of Human-Computer 

Interaction, IOS Press, Amsterdam, pp. 3-15.  

2. Bickmore, T.W. (2004), Unspoken Rules of Spoken 
Interaction, Communications of the ACM, 47(4), pp. 
38-44.  

3. Dourish, P. (2001), Where the Action Is: The 
Foundations of Embodied Interaction, The MIT 
Press, Cambridge, MA.  

4. Gibson, J. J. (1986), The Ecological Approach to 
Visual Perception, Lawrence Erlbaum Associates, 
London (first published in 1979).  

5. Hall, E. T. (1966), The Hidden Dimension, Anchor 
Books: New York.  

6. Kuivakari, S. and Kangas, S. (2005), Pleasure 
Platforms and Sensomotoric Interfaces: Notes from 
a Preliminary Survey of Adaptive User Interface 
Design, in M. Ylä-Kotola, S. Inkinen and H. Isomäki 
(eds), The Integrated Media Machine: Aspects of 
Future Interfaces and Cross-Media Culture, 
University of Lapland, Rovaniemi, pp. 77-99.  

7. Kaptelinin, V. (1996), Activity Theory: Implications 
for Human-Computer Interaction, in B. Nardi (ed), 
Context and Consciousness: Activity Theory and 

Human-Computer Interaction, The MIT Press: 
Cambridge, MA, pp. 103-116.  

8. Mantovani, G. (1996), Social Context in HCI: A New 
Framework for Mental Models, Cooperation, and 
Communication, Cognitive Science, 20(2), pp. 237-
269.  

9. McCullough, M. (2004), Digital Ground: 

Architecture, Pervasive Computing, and 

Environmental Knowing, The MIT Press, Cambridge, 
MA.  

10. Merleau-Ponty, M. (1962), The Phenomenology of 
Perception, Routledge, London.  

11. Nardi, B. (1996a), Studying Context: A Comparison 
of Activity Theory, Situated Action Models, and 
Distributed Cognition, in B. Nardi (ed), Context and 
Consciousness: Activity Theory and Human-

Computer Interaction, The MIT Press: Cambridge, 
MA, pp. 69-102.  

12. Nardi, B. (1996b), Activity Theory and Human-
Computer Interaction, in B. Nardi (ed), Context and 
Consciousness: Activity Theory and Human-

Computer Interaction, The MIT Press: Cambridge, 
MA, pp. 7-16.  

13. Negroponte, N. (1996), Being Digital, Hodder & 
Stoughton, London.  

14. Nijholt, A. (2004), Where Computers Disappear, 
Virtual Humans Appear, Computers and Graphics, 
28(4), pp. 467-476.  

15. Norberg-Schulz, C. (1971), Existence, Space and 



15. Norberg-Schulz, C. (1971), Existence, Space and 
Architecture, Praeger Ltd., New York.  

16. Picard, R.W. (1997), Affective Computing, The MIT 
Press, Cambridge, MA.  

17. Raskin, J. (2000), The Humane Interface: New 
Directions for Designing Interactive Systems, 
Addison Wesley, Boston.  

18. Riva, G. (2005), The psychology of Ambient 
Intelligence: Activity, Situation and Presence, in G. 
Riva, F. Vatalaro, F. Davide and M. Alcañiz (eds), 
Ambient Intelligence: The Evolution of Technology, 

Communication and Cognition Towards the Future of 

Human-Computer Interaction, IOS Press, 
Amsterdam, pp. 17-33.  

19. Riva, G. and Galimberti, C. (2001), Virtual 
Communication: Social Interaction and Identity in 
an Electronic Environment, in G. Riva and F. Davide 
(eds), Communication Through Virtual Technology: 
Identity, Community and Technology in the Internet 

Age, IOS Press, Amsterdam, pp. 23-46.  

20. Russell, D.M., Streitz, N.A. and Winograd, T. 
(2005), Building Disappearing Computers, 
Communications of the ACM, 48(3), pp. 42-48.  

21. Schmidt, A. (2005), Interactive Context-Aware 
Systems Interacting with Ambient Intelligence, in G. 
Riva, F. Vatalaro, F. Davide and M. Alcañiz (eds), 
Ambient Intelligence: The Evolution of Technology, 

Communication and Cognition Towards the Future of 

Human-Computer Interaction, IOS Press, 
Amsterdam, pp. 159-178.  

22. Streitz, N. and Nixon, P. (2005), The Disappearing 
Computer, Communications of the ACM, 48(3), pp. 
33-35.  

23. Suchman, L.A. (1987), Plans and Situated Actions: 
The Problem of Human Machine Communication, 
Cambridge University Press, Cambridge.  

24. Thiel, P (1961), A Sequence-Experience Notation, 
Town Planning Review, 32, April 1961.  

25. Weiser, M. (1991), The Computer for the Twenty-
First Century, Scientific American, 265(3), pp. 94-
104.  

1  e.g. an interactive table is primarily a table with extra 

capabilities, not a computer that has merely assumed the 

form of a table (Streitz and Nixon, 2005).  

 
2  As Dourish (2001) remarks, context has been the focus 

of ubiquitous computing all along, as a means of action 

disambiguation.  

 
3  Implying a combination of environmental circumstances, 

cognition and the system itself  

 
4  It is possible for an action to move back and forth 

between these two states. Constant repetition of an action 

results in habituation and heralds a move from the 

conscious to the unconscious; neglect or extenuating 

circumstances (e.g. malfunction) may require the attention 

of the user, causing the opposite motion.  

 
5  See also the distinction between cognitive conscious and 

cognitive unconscious earlier in this paper.  

 
6  To further illustrate this hierarchy, Riva (2005: 21) offers 

an appropriate example.  

 
7  An affordance is "a three-way relationship between the 

environment, the organism and an activity. It is a property 

of the environment that affords action to suitably equipped 

organisms" (Dourish, 2001).  

 
8



8  Various types of displays (visual, auditory, etc.) are a 

good example of objects that communicate information, 

while input devices like sensors, may not be perceived as 

physical entities by interacting users.  

 



 

Figure 1: Hybrid systems 

with a three-way 

interaction between plants, 

people and objects

Figure 2: PLANTS System 

Architecture

Figure 3: At the Eden 

Project Nursery, members 

of Tyndall National 

Institute, Computer 

Technology Institute and 

Plant Science, University 

College Cork, talked to the 

audience about the 

components of the PLANTS 

technology. The audience 

were able to see the 

irrigation and misting 

systems activated via the 

PLANTS technology

Pervasive Computing in Agriculture

Christos Goumopoulos

Motivation  

Currently, there are few discussions on the integration of biological 

elements of the real (natural) environment into pervasive computing 

applications. In this article, we briefly present our research efforts to 

create digital interfaces to nature, in particular to selected species of 

plants [1]. Our approach goes beyond the use of sensor networks for 

environmental monitoring [2] by emphasizing the development of a 
system architecture that incorporates the plants and associated 

computation as an integral part of the system, and allows the 

interaction of plants and artefacts in the form of synergistic and 

scaleable mixed societies. The ambient intelligence technology is used 

to encompass plant requirements, by establishing a three-way 

interaction between plants, people and objects (Figure 1). This 

approach enables the development of hybrid systems consisting of 

communicating plants and artefacts in scenarios ranging from 

domestic plant care to precision agriculture.  

Precision agriculture is an agricultural concept relying on the 

existence of in-field variability across an array of cropping systems 

[3]. Thanks to developments in the field of wireless sensor networks 
as well as miniaturization of sensor systems, new trends have 

emerged in the area of precision agriculture. Wireless networks allow 

the deployment of sensing systems and actuation mechanisms at a 

much finer level of granularity, and in a more automated 

implementation than has been possible before. Sensors and actuators 

can be used to precisely control for example the concentration of 

fertilizer in soil based on information gathered from the soil itself, the 

ambient temperature, and other environmental factors. Incorporating 

feedback into the system through the use of sensors, actuators, and 

adaptation algorithms will allow a more fine-grained analysis that 

could adjust flow rate and duration in a way that is informed by local 

conditions. One can imagine the use of such precise information in 

particularly sensitive high value crops such as wine grapes, citrus fruit 

and strawberries.  

The PLANTS system  

The main idea behind PLANTS project is to develop a system that 

produces the optimal growing conditions for a crop, so that crops are 

kept in the best possible health with the minimum of inputs. It 

promotes sustainability, because there isn't excessive use of inputs 

like fertilizer and water. It makes crop management more economic, 

as well as less damaging to the environment.  

The system (Figure 2) uses an infrared camera to scan the entire crop 

canopy. It can automatically detect when individual or groups of 

plants are getting too warm. Another sensor detects chlorophyll 

fluorescence, which tells the system the rate at which the plant is 

absorbing energy. That reflects the current state of photosynthesis, 

itself a reflection of the plant’s health.  

These sensors communicate their data through specially developed 

wireless transmitters. The transmitters started out as a Field 

Programmable Gate Array (FPGA), a sort of universal microchip that 

can be set to carry out many different functions. Over the life of the 

project, however, scientists at project partner the Tyndall National 

Institute in Cork Ireland managed to reduce the essential technology 

from 100mm FPGAs, to a specialised 25mm module. This system 

incorporates a wireless transceiver capability with embedded protocol 

software to minimise power consumption and maximise data 

throughput. Additional input capability for sensor and actuator 

integration can be incorporated seamlessly due to the modular nature 

of the system. This gives it the ability to interface to a broad range of 

physical and chemical transducers.  



physical and chemical transducers.  

The sensors and transmitters are two key elements of the system, but 

its heart is the management software, called ePlantOS, designed and 

developed by Computer Technology Institute, in Patras Greece, that 

gathers, and then acts, on the data operating as a 

plant/environmental context management system. It can control the 

deployment of water, nutrients or pesticides, as necessary.  

ePlantOS provides an interface with sensors and actuators, maintains 
a plant-specific ontology and supports distributed resource 

management with local and/or global decision-making according to 

criteria. ePlantOS is a middleware system operating according to a 

peer-to-peer interaction model in which plants being monitored and 

devices of the system are universally modelled. A modular design 

allows the replacement of a module without affecting the functionality 

of the rest provided that the interfaces between them remain 

consistent. The system incorporates a mechanism for learning rules 

or parameters to be used in the decision making process, according to 

historical/logged data.  

A set of graphical tools provide the user with a set of useful 

operations like creating / composing / reconfiguring applications, 

viewing knowledge represented into the PLANTS ontology, monitoring 

the plant and environmental parameters and finally managing 

dynamically the rules taking part in the decision-making process.  

Demonstrators  

PLANTS developed two demonstrators, one at the beginning of the 

project in 2003 to prove the concept. The second demonstrator 

(Figure 3) was presented at the Eden Project, Cornwall, UK end of 

March 2006 and was the centre point of a special workshop to 

introduce the technology to experts in the fields of plant science, crop 

management, microelectronics and software engineering.  

The team designed the current system to track high-value, 

glasshouse crops like strawberries and other soft fruits, but a 

commercial version could be tractor mounted to survey field crops 

and, as the costs of production come down, it may be possible to 

deploy in it in comparatively low-value crops, too.  

As well as improving the system, as it exists now, by further 

miniaturising the equipment, the team also hopes to develop other 

sensors in a future project. These could look at the levels of volatiles, 

gases that plants emit when they are under stress.  

Conclusions  

We are motivated from the fact that plants are truly ubiquitous 

entities, since they exist in everyday environments. In addition, 

plants can be used either as "biosensors" or as a "natural" and 

beautiful interface to services. In the former case, plants could 

provide additional sensing functionality to be used by humans for 

example as environmental quality markers; in the latter case, 

artefacts can use plants as a front end to delivering specific services 

(i.e. greetings, narration, alarms, etc). Thus, plants, if turned to 
ePlants, can become part of a range of UbiComp applications ranging 

from agricultural to domestic.  

We have been involved with a facet of precision agriculture that 

concentrates on plant-driven crop management. By monitoring soil, 

crop and climate in a field and providing a decision support system 

that is able to learn, it is possible to deliver treatments, such as 

irrigation, fertilizer and pesticide application, for specific parts of a 

field in real time and proactively.  
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Figure 1: Commercial 
possibilities lay on top of a 

cultural foundations that 
supports and enables them

Sustainable 'disappearing 
computer' artifacts and spaces, 
designed for extended human use

Lorna Goulden, Irene Mavrommati, Alan Munro

Introduction  

The questions to ask regarding sustainability: How do 

Ubicomp technologies fit in the global picture whereby 60% 

of the world's nations have a lower quality of life than they 

did 20 years ago. Of the world's population 78% are poor 

whilst 22% are middle income or rich. How do these 

technologies fit into a world where most scientists agree is 

at threat from global warming.  

The issue if sustainability is addressed here from three 

angles:  

Sustaining People: In what ways might Disappearing 

Computer technologies play a role in addressing 

individual and societal needs?  

Sustaining the Planet - How do Disappearing Computer 

technologies affect, positively or negatively, 

manufacturing and environmental capitals?  

Sustaining Profitability - How can Disappearing 

Computer technologies play a role in inspiring, 

promoting or supporting new forms of value exchange?  

People: the sustainable self  

Disappearing Computer (DC) Technologies could assist and 

improve people and their lives, in achieving a sustainable 

self [1]:  
 

A sustainable self is composed of a physical body that is 

healthy, exercises, eats a proper diet, gets ample rest,  

 

and is protected and secure with ample shelter and 

surrounded by family and friends  

 

and is allowed to express affection and share feelings, 

desires, emotions  

 

so that you gain understanding of yourself, others and 

the world around you  

 

which lets you participate/serve and contribute to your 

family, friends, causes, charities, and to allow yourself to 

be contributed to  

 

which can be balanced by leisure to take time out, to “not 

do", to do things for the sake of pure enjoyment, to relax  

 

which allows for creativity to allow your own essence, your 

distinct personality to come through in any form it wishes 

to be it music, art, dance, writing, sports  

 

which gives you a sense of identity that special something 

in you that makes you distinctly you  

 

which leads to transcendence and one's connection to all 



which leads to transcendence and one's connection to all 

things, to know that you are one small piece of the whole  

 

which liberates you to freedom and control of your own 

destiny. Your choices, your intentions, and your actions 

create your reality.  

Sustaining profitability  

We asked earlier, how can Disappearing Computer 

technologies play a role in inspiring, promoting or 

supporting new forms of value exchange? To attempt to 

answer this first we have to understand the relationship 

between sustainability and profitability. Sustainability is 

addressing people, planet and profit. Under this light, 

profitability does not only involve sustaining the commercial 

profitability but also sustaining the 'social and cultural 

profitability'.  

As Rifkin has said, From the beginning of human civilization 

to now, culture has always preceeded markets. People 

create communities, construct elaborate codes of social 

conduct, reproduce shared meaning and values, and build 

social trust in the form of social capital. Only when social 

trust and social exchange are well developed do 

communities engage in commerce and trade. The point is 

the commercial sphere is always derivative of and 

dependant on the cultural sphere. That's because the 

culture is the wellspring from which agreed upon behavioral 

norms are generated. It is those behavioral norms, in turn, 

that create a trusting environment in which commerce and 

trade can take place. Commercial possibilities lay on top of 

a cultural foundations; it is the cultural foundation that 

supports and enables them (Figure 1). Supporting socio-

cultural development is essential to ensure sustaining 

commercial profitability.  

How could we sustain commercial profitability?  

We take inspiration from the quote: 'Commerce must leave 

space for a form of culture that is independent from 

brand' [2]. Commerce must not seek, as so many 

companies do now, to dominate culture. Rather it must step 

back, leave space for cultures to arise naturally, without 

coercion or manipulation. Commerce must provide other 

'branded' offerings that support rather than manipulate 

social and cultural development. Both these things could 

happen through supporting new forms of value exchange.  

We then must ask ourselves: How can we understand value 

exchange? What does value exchange involve? Analyzing 

the idea of value exchange leads us to a number of 

conclusions. Value exchange involves:  

Transactions between corporations and individuals, 

individual to individual, corporation to corporation, ...  

Forms of values. Values that go beyond 'Money': 

currency, knowledge, time, space, information (gossip or 

secrets are included here), experience, loyalty, services, 

products, joy, choice, willingness to share, feelings, 

cultural heritage.  

Thinking about this more explicitly in terms of the 

Disappearing Computer, we might ask, how could DC 

supported value exchange fit in this picture? What sort of 

value exchange could DC technologies inhabit? A possible 

answer to these questions is Disappearing Computer 

technologies that:  

Provide tools to facilitate interpersonal sharing (e.g., 

sees the city space as data base, treats people as 



sees the city space as data base, treats people as 

portals),  

Provide tools to support cross cultural communication 

(e.g. context hopping),  

Provide tools to encourage/prompt action,  

Provide tools that 'learn' so as to do the things above 

better over time, and to modify themselves to the 

particularities of the situations in which they find 

themselves.  

It may be possible that technologies which are able to do 

this might enable new sharing and trading of resources 

between people, by reconciling what people either have lost 

or have a great deal of, such as involvement, space, time. 

A possible exemplar of this kind of trading could be 

community loans: someone having time (a resource) can 

exchange it for another service or resource that he/she 

does not have. For example, I have time but little money or 

space, you have money or space but little time and we find 

a way to trade it to our mutual benefit.  

This thinking might seem outside the remit of looking at DC 

technologies in particular, but the more we consider the 

particular issues behind sustainability and DC technologies, 

the more it becomes central. Sharing is needed to make 

Disappearing Computer technologies sustainable. 

Roadmaps towards a DC future should include the issues of 

the 'Sustainable' from the beginning that address 'Sharable' 

resources and expertise. This resource sharing and 

exchange can come in many forms, giving richness to the 

systems, and new content, but can also affect the very 

basic working of the technology, which we will discuss later.  

Examples of DC supported value exchange might be tools 

to support cross-cultural interaction. (i.e. the DC value 

exchange supports the social trend for multicultural 

societies). Cross-cultural interaction includes the exchange 

of feelings, rituals, and information, towards understanding 

of the other culture. An example application could be 

Context Hopping: Systems that allow people to somehow 

sample different cultural contexts1.  

Perhaps by creating focused solutions by DC technologies, 

topics and rituals of declining value could be supported. 

Different sorts of community membership and ritual might 

arise, as has happened with the Internet. Tendencies 

towards less involvement in communal/tradition rituals, 

loss of personal space / quiet time, the devaluation of 

public space the devaluation of public time, could be 

addressed by focused DC applications.  

Here are some examples of possible DC solutions/ 

interventions to new forms of value exchange:  

Supporting cultural activities in city-spaces,  

Use of people as portals/databases for DC technologies,  

Use city spaces as data-spaces and create value simply 

by living (i.e. in order to make cities safer, enjoyable, 

more culturally rich, etc),  

Pre-warning systems: these are driven by people's 

knowledge, but it is the DC system which enables the 

communication. (there is a traffic jam up ahead, the 

shop I'm going to is closed, the club I'm going to is full, 

etc),  

Systems to facilitate interpersonal sharing: maybe 

between new communities, maybe to promote political 

action and create cultural cohesion,  

People carrying an 'information disease' pick up 

information from visiting spaces and 'infecting' new 

spaces and situations with a different 'meme', such as a 

way of looking or thinking, or a new context (viral 



way of looking or thinking, or a new context (viral 

exchange),  

Community loans (like time share without commercial 

involvement): I have money but no time, I have time 

but no money, these two anonymous sharers lend 

money and time to each other), with DC technologies 

creating the arena and allowing the exchange to take 

place.  

Environmental Capitals effect of DC technology  

The workshop went on to discuss how DC technologies 

effect, positively or negatively, manufacturing and 

environmental capitals? Discussion on this topic crystallized 

into four polemics: a) DC and Energy, b) DC Physical 

manifestation, c) DC and Human behaviour, d) DC and 

other capitals  

DC and Energy - energy implications of DC objects  

DC devices are most probably going to be always on. 

Therefore the energy consumption of DC objects is likely to 

be huge, if we take in mind the cumulative effect of these 

devices. This would have huge implications if taken on a 

global scale. Because the devices are always on, the energy 

consumption of DC objects will be fairly constant. DC 

objects are likely to amount to tens or hundreds in the 

home. As well as this, various types of object might be 

worn, carried etc. Also, objects will be embedded in 

different ways in our physical environment. If we consider 

this number, and the amount of objects per person and per 

household as well as this infrastructure, we begin to 

consider billions of objects, should DC become an adopted 

technology. The energy implications of this are major. Even 

if the objects themselves are quite low in consumption 

individually, the cumulative impact on energy consumption 

is likely to be huge. We need to weigh this kind of energy 

impact of these devices against their usefulness. Therefore 

we have to start thinking of ways in which to mitigate this 

energy consumption. The situation where these object 

consume so much energy and exclude so much heat is not 

tenable in a world of global warming.  

We come therefore to the 1st law of DC - Each DC Device 

must strive to be energy independent. As such it has to 

have abilities for multiple power source capture (solar, 

audio, kinetic). Perhaps there might be human-powered DC 

devices, or even DC-animal symbiotic hybrids. We might go 

from thinking in terms of batteries to fuel cells. The 

implication is that it will be the object's responsibility and 

task to keep gathering and scavenging available energy as 

it can.  

DC Physical Manifestation  

Like any other object in the everyday world, as well as a 

manifestation in terms of digitality, most DC technologies 

will be embedded into an actual object of some type. These 

different objects and infrastructures will have different 

properties, such as Size and Longevity. These objects, as 

said above, will be numerous. A person usually has one 

mobile phone. With DC objects, there may well be tens of 

objects to a person. These objects may well have different 

sizes and age differently. If we do not address sustainability 

issues, we risk making a significant environmental impact 

in terms of the amount and type of waste that they 

produce. There is a need for the manufacturer to share the 

responsibility for the obsolete material. Not only will 

companies manufacturing DC objects will have to set up 

supply chains, where objects are manufactured and 

distributed and sold to people. They will also have to set up 

reverse supply chains where objects which are now 

obsolete can be sent back to the manufacturer or agent, 

disassembled, and their various components or materials 



disassembled, and their various components or materials 

recycled. Objects must have the potential to be upgraded, 

dynamically reprogrammed in various ways, perhaps, as 

new possibilities come to the fore.  

DC and People  

Perhaps DC technologies can help us affect our relationship 

with our planet in positive ways. It might help us modify 

behavior that has major ramifications on a global scale, but 

is small or insignificant individually. For example: 

Overfilling a kettle is something which is small by itself but 

has major implications for the global environment in terms 

of energy wasted and heat produced. Small embedded 

devices could remind us of the optimal amount of water, 

perhaps judging from past behaviour. DC objects and 

technologies might be able to help us see the ramifications 

of our behavior - and even help us evolve our behavior in 

interesting ways through the visualization of these 

ramifications.  

DC and other Capital  

While not being Political Economists, we have been looking 

at the types of capital which might be embodied in DC 

objects. After all, capital is related to resources and value. 

The workshop came to the conclusion that we need to find 

new ways of accounting- so that we account for other 

things than Capital in the old, capitalist/Marxist sense of 

the word.  

There are other models of the way we work together to 

create value than the standard ones of either capitalism or 

Marxism. There are other possibilities to look at, the non-

traditional enterprises such as communes and 

communitarian ventures. The Cooperative, Mondragon [3], 
operating in the North of Spain, has been shown to be 

widely successful. This helps us see new possibilities of 

value and capital beyond the old. Two forms of capital were 

discussed in terms of DC objects, which lead to interesting 

and creative thinking of the types of 'economy' of the DC 

systems.  

Digital capital: Value of particular pieces of data. Also the 

possibility of data becoming a pollutant, too much 'noise' 

'gumming up the works', rendering necessary functions 

problematic. A current example of this is the Spam which 

clutters inboxes. Can we get rid of 'digital waste' by 

recycling it in some way?  

Bandwidth capital: DC devices may be chattering to each 

other constantly. Who owns the bandwidth? Might we think 

of public access in the form of a digital commons, or private 

infrastructures, which we have to pay for in some way? 

There are possibilities from existing practice, of public 

access through many privately owned devices and 

infrastructures in a tit-for-tat altruism. We might view SETI 

as something like this, where individuals donate spare 

capacity on their machines to help process data for the 

search for extra-terrestrial life. This present example is only 

unidirectional in terms of resources, but it offers a vision of 

a world where these resources are multidirectional. Similar 

possibilities arise of the altruistic donation of bandwidth, 

and concomitant bandwidth borrowing. We note that some 

foundations and even local government are actively setting 

up public bandwidth for anyone to use (e.g. Wireless 

Leiden2), as well as other private concerns building 'hot 

spots' where people are charged (e.g. Hubhop.nl3). Perhaps 

we might use other techniques where local subnets of 

devices created locally as a local shared resource, perhaps 

using Peer to Peer technologies.  
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