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ø ·Ì¿Ú·ÓÙÔ ¤Ï·ÁÔ ÙÈ „Èı˘Ú›˙ÂÈ˜ Â˜ ÌÔ˘

∞fi ÓˆÚ›˜ Â›Ì·È ÛÙÔ ÚˆÈÓfi ÛÔ˘ ÛÙfiÌ·

™ÙËÓ ÎÔÚ˘Ê‹ fiÔ˘ ÚÔ‚¿ÏÏ’ Ë ·Á¿Ë ÛÔ˘

µÏ¤ˆ ÙË ı¤ÏËÛË ÙË˜ Ó‡¯Ù·˜ Ó· ÍÂ¯‡ÓÂÈ Ù’ ¿ÛÙÚ·

∆Ë ı¤ÏËÛË ÙË˜ Ì¤Ú·˜ Ó· ÎÔÚÊÔÏÔÁ¿ÂÈ ÙË ÁË

«∂˙ËÛ· ÙÔ fiÓÔÌ· ÙÔ ·Á·ËÌ¤ÓÔ...»
√‰˘ÛÛ¤·˜ ∂Ï‡ÙË˜, «√ ‹ÏÈÔ˜ Ô ÚÒÙÔ˜»

O deathless sea, tell what you are whispering
I reach your morning mouth early
On the peak where your love appears
I see the will of the night spilling stars
The will of the day nipping the earth’s shoots

“I lived the beloved name”
Odysseas Elytis, “Sun the first”

My story starts at the island of Santorini in Greece. It is no accident that Santorini
was once called ∫·ÏÏ›ÛÙË, Greek for ‘the most beautiful one’. It combines a
rugged landscape of a volcanic caldera, cliffs from lava stone, majestic views of
the Aegean Sea and an iconic Cycladic architecture.

The reason I mention it though is not for the sheer beauty of the place or just to
mention something positive about my troubled country. Santorini would be but

Introduction

Figure 1

View of the Santorini Caldera 
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another picture on travel brochures or geography books, were it not for personal
experiences. For me and my family this is a location loaded with meanings,
memories and pleasures that I can recall, recount and even attempt to relive in my
memory, reconstructing them and redefining them every time I do so. It is these
experiences, rather than the place itself, that I value; they are my own, tied to the
time I lived them and the people who lived them with me, of course, in their own
personal way. 

In the words of Marc Hassenzahl (Hassenzahl, 2010) a leading scholar studying
how people experience interactive technologies, an experience is an episode, a
chunk of time to remember, it is feelings and thoughts, motives and actions, all
closely knitted together and stored in memory, labeled, relived and communicated
to others. Critical and present, though perhaps less pronounced in Hassenzahl’s
perspective (Hassenzahl 2010), is the involvement of others, the social aspect of
these experiences. A very large proportion of our experiences, and indeed to my
mind the most valuable part, is not lived in isolation but together with others and
emerge as a result of interpersonal interactions and relationships. 

This emphasis on social experiences epitomizes my perspective on digital
technologies: designing interactive computing and communication technologies is
not primarily about their functionality as such or their computational performance,
bandwidth and other technical requirements. These aspects are important but not
for their own sake. Maxing out on millions of instructions per second or
communication bandwidth or storage capacity might make selling points for the
salesman but what actually motivates people to use, purchase and eventually
adopt technology are the experiences resulting from using technology, the extent
to which it enables people to achieve their goals or, at a macroscopic level, even
to realize their dreams and aspirations. Our chosen role as researchers, designers
and developers of novel technologies puts people and their social interactions to
the fore. 

Underlying this human experience-centered perspective on technology design is 
a social constructionist philosophical stance on technology. In shaping future
technologies we do not passively accept the instrumentalist view that technology
itself is neutral, and that its value is contingent upon what people choose to do
with it. Nor do we endorse a technology-determinist view that technology follows
its own course of development beyond the control of its creators for better or 
for worse. Rather, we maintain the position that technology can shape people’s
experiences, their goals and social practices, and that these emergent practices
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shape in their turn further technological development. As Nye (2006) remarks,
technologies emerge as the expressions of social forces, personal needs, technical
limits, markets and political considerations, but they also acquire different
meanings for different groups of people, who can adopt, appropriate, and even
develop further these technologies. There is a dynamic and reciprocal relationship
between people and the technologies they use, which poses considerable
challenges for the designer and the researcher in this field. As Marshal McLuhan
stated, “We shape our tools, and thereafter our tools shape us.” We shall return 
to this issue, but first let us look at a concrete example of what I refer to as a
socio-digital experience. 

This summer, while I was preparing this inaugural talk, I was invited by a post-
graduate student to join Google+, a social networking application launched by
Google in June 2011. This application has very similar features to other popular
social networking applications like Facebook, Netlog, Twitter, Delicious, etc. 
It allows you to post comments, thoughts, share news, pictures, chat to friends
and, conversely, see similar items posted by others. I joined this group largely out
of professional curiosity as I did with Facebook and Twitter some years ago. 
Of course, for the company that created it, this is anything but a casual venture; 
it represents a major investment and its degree of success may shape the future of
the company. While Google’s search engine dominates the Internet as the most
visited site, in the domain of social media it does not even compete with
Facebook, the leader in this field with its 700 million users worldwide. A recent
survey, published by the Nielsen company in 2011, shows that people spend
roughly three times as long on Facebook, making the company first in online
advertising revenue, and leaving former leaders Google third in the fourth quarter

Figure 2

A screenshot of my first experience with Google+
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of 2010. Clearly, designing the right system and designing it right carries high
financial stakes and also impacts the lives of a vast number of people.

So how can a company like Google design its application to compete with the
opposition? This, of course, is the million-dollar question, or much more in fact, a
question we would all want to be able to answer. Hence, it captures exactly some
of the research questions occupying our broader research area. What aspects of
the system design matter? What shapes the user experience? 

Let us resume again a first person user perspective. During my exploration of
Google+, I came across many of the issues shaping the total user experience that
one can be more conscious of during first time use. 

First, there was the elementary level interaction, the graphic interaction with
mouse and keyboard that was familiar to me, relying as it did on standard internet
browser features. So in this way the system was easy to operate, but I could also
expect no frills, as for example when I first experienced the physical interaction
with the Nintendo Wii console or the Microsoft Surface, an interactive tabletop
with multi-touch functionality. 
Then I had to understand the concepts and terminology used by this company:
‘circles of friends’, ‘stream’, ‘hangout’, ‘+1’, etc. This was not trivial, as it required
second-guessing and understanding the designers’ conception of this system and
trying to map it to things I know from other social networking sites. Still, with
some minimal perseverance I worked through it, and thus could experience the
core issue regarding social media - how social interactions play out in such a
system. 

Being privacy sensitive I deliberated about every bit of personal information 
I shared or obfuscated, leaning on the side of extreme parsimony, and pondered
over self-descriptive and disclosing sentences I could write to project a public
image of myself that I am reasonably happy with. I had to offer something in 
order to take part in this social process but not too much yet, out of caution. 
I considered clicking on a few people linked to me and was then presented with 
a dilemma of how to label them: as acquaintances or friends? This kind of
classification of people is not something I have to do real life. Would my labeling
be known to them? How would they perceive it? The system designers expect me
to initiate a ‘circle’ of friends making me wonder whether people would join or
embarrass me by not joining, etc. And if I used this application for a longer period,
I would have to learn its etiquette, and develop my own personal style for using it.
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Become a regular contributor? Comply to the humor and spirit of the casual self-
disclosure the medium engenders? Lurk on the sidelines? What affective benefit
do I expect to obtain by logging in? It is these social considerations that mattered
most to me as failure could result in embarrassment or, even worse, an oblivious
misrepresentation of myself that I would not even be aware of. By the same token, 
it might be valuable for the company to consider why people might not want to
contribute or might cease doing so after some time.

The message I wish to drive home is that designing a technology to support socio-
digital experiences impinges upon several closely interwoven levels: starting from
the physical and logical devices one uses to interact with the system, their
ergonomics and aesthetics, the cognitive and social aspects, but even the broader
societal and business context. Interaction design is thus multi-layered, and all
layers need to be designed successfully for users to value the emerging
experience. 

What is less obvious at first sight to technical audiences (indeed it troubled our
research community for at least a decade) is that contrary to well known technical
layered systems like communication systems or databases, layering does not
isolate higher levels from the lowest levels. To give a popular example, the fluent
and aesthetically designed physical interaction with multi-touch screens on the
Apple iPhones and their rich and easily accessible functionality provides value to
their users not just for their own sake but also because it lets them project an
image of themselves they find satisfying; four years after the launch of the iPhone,
proud users still show off their devices to non-iPhone owners; a couple of years
ago this behavior prompted exasperated and sarcastic remarks by Apple’s
competition: “to all iPhone users, you bought one, you did not invent it!” This
interdependence of different layers of abstraction was recognized long ago by
design thinkers, who labeled it as ‘infinite detail’ (Jones 1970, as cited by Carroll
1991), an issue that limits the applicability of reductionism and modeling in the
design of interactive experiences. We shall return to this issue later in this talk.

Societal and Business Aspects

        Social Interaction Aspects

            Cognitive Aspects

                 Physical AspectsFigure 3

Contrary to technical systems where layering isolates from lower level detail, interaction
experiences are shaped by all levels at once. Lower levels can have direct consequences on
non-adjacent higher levels and vice versa. 
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My research in socio-digital experiences pertains specifically to the field of
Ambient Intelligence, a vision of technology initially introduced by Philips
Research in the late nineties and which has taken center stage in the Dutch and
European research agenda for the last decade. In a widely cited description of this
vision, Aarts and Marzano (2003) argue how consumer electronics need to move
from the age of the box towards an era where technologies will be networked,
ubiquitous and integrated into any conceivable object from our physical
environments, our cars, our furniture, clothing, etc. 

They identify five key elements of Ambient Intelligence: 
a. embedding: networked devices are integrated into the environment
b. context awareness: devices can recognize people and their situational context
c. personalization: they can be tailored towards an individual’s needs
d. adaptation: they change in response to their users
e. anticipation: they anticipate the desires of their users without conscious

mediation.

Much of the early work in this field focused on the first two elements and was
dedicated to blending sensing, communication and computation functionality in
our physical environments and in the objects we use or wear, making the
technology ‘disappear’, first physically by virtue of ‘miniaturization’, and then
cognitively, when use becomes automated and transparent to users who only
need to invest minimal cognitive resources to interact with the system. These
represent major infrastructural challenges, but in order to deliver value to people
and society as a whole, a large body of work in this field has been application
driven, realizing several of the functionalities and scenarios associated with the
early formulations of the vision circa 2000. My research program in the last ten
years has explored applications of Ambient Intelligence technology to support
socio-digital experiences relating to supporting awareness and connectedness,
social gaming for children, and, more recently, motivating behavior change. I will
present now some highlights of this work. 

Ambient Intelligence
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My initial motivation to explore connected oriented communication was to find
ways that Ambient Intelligence technology could support dispersed families. In
modern western societies families tend to be dispersed geographically for several
reasons. Typical reasons for such separation are when people migrate for their
carreers or studies, or when work requires professionals to travel, divorces, or
hospitalization. Technology can and does help bridge distance: video conferencing
is widely available and telecommunications are cheaper and easier to use than
before. 
At the turn of the millennium broadband internet and GPRS-based internet on
mobile devices were recent advents in the market place making sustained internet
based communication at home a realistic option for the first time. Sustained
communication could go beyond supporting the efficient and effective execution
of communication tasks on to building, over time, awareness of what others are
up to, their location, their presence or not at a remote location, what occupies
their mind, their projects, their successes, and tribulations. The awareness
resulting from such sustained communication has been described as peripheral 
by some researchers, to indicate that it is not the result of focused, targeted
interaction but more or less a product of incidental and serendipitous
observations. Designing displays of such information to be ‘calm’ and ‘ambient’,
receding into the periphery of user’s attention could allow them to be ignored
when users are engaging in other primary tasks. 

A first and important step for this research line was to provide evidence of
affective benefits from awareness. In an experimental study conducted together
with Philips Research, we demonstrated how simply providing a peripheral display
of remote friends watching the same football match could provide measurable
increase in the group attraction they experience, the degree to which they feel
part of the group (Huijnen et al 2004, Markopoulos et al, 2005).

In the EU funded project ASTRA, in 2002, our analysis of communication needs
concluded that while people have a need to share mundane everyday experiences
with their nearest and dearest, communication media of the day presented too
high a threshold in terms of effort and justifying a distinct communication act. 

Connectedness and Awareness
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The ASTRA system was conceived as a lightweight means for individuals to
publish mundane trivia to friends and family, perhaps to serve as a talking point
later. Notes and images would be captured using mobile phones and posted to
connected households. Such postings would be then viewed on a shared public
display in the living room of the connected household (here a Philips wireless
tablet located on the coffee table). You might note that the interactive timeline
(Figure 4) featured in the ASTRA interface is directly analogous to the way current
social networking applications present updates from one’s contacts; our rather
conservative estimation at the time was that these notifications would serve
primarily as a springboard for communication through other more traditional
media. In a two-week field deployment of the system with 19 people (four
families), we observed a large amount of postings and the inclination of
communicators to use the medium as a stage for jovial and creative expression.
Users of current social media will recognize this pattern of use; indeed the ASTRA
system gave us a taste of what mobile social media applications could offer to
people.

In retrospect, and in light of how social media are used currently, we clearly
underestimated how much people are prepared to publish about themselves and
the time they would spend on focused interaction posting and reading such trivia.
Instead, in our next steps, we opted to use Ambient Intelligence technology to
automatically populate awareness systems with information about people’s
activities. The advantages seemed obvious. Monitoring activities of lone elderly
people or of young children can provide reassurance and peace of mind to the
remote party. We created and evaluated in field studies a series of related systems
charting the relevant design space. Let us look briefly at some of these.

Figure 4

The ASTRA system. Mobile family members capture pictures and make handwritten notes,
which they post to the ASTRA server. Notifications are displayed on a spiral-timeline on an
ambient display, here a wireless tablet device that is placed at the coffee table. The user can
browse messages, per family member too, and can initiate communication by voice, email or
text to other family members (see close up image to the right).
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The Diarist system developed in collaboration with Philips Research was a system
designed to sense, record and convey to family information about the day-to-day
activities of a remote frail elderly person living alone: cooking, sleeping, going for
a walk, etc. The design team examined how notification regarding such routine
activities would be experienced and what value it could provide for either the
observed or the observing party. The design and evaluation of this awareness
system and its associated frame-like display was instructive for several reasons
apart from the obvious technical challenges regarding reliable sensing and
interpretation. First, is the dependability of awareness cues. While awareness
systems are rarely associated with dependability requirements it was clear that
any affective benefits they can provide evaporate when their information cannot
be trusted. Second, while Ambient Intelligence research has traditionally sought 
to seamlessly integrate components and services, and to hide implementation
details, it quickly became clear that people need to be able to observe and
understand system inference, i.e., how their activities are being sensed and
interpreted. This is known as the challenge of intelligibility and accountability for
context sensing systems that we shall return to later. The designers showed how
the basis of the system inferences can be displayed in a comprehensible way to
people, relying on our abilities to understand and recollect narrative text 
(Figure 5). 

A similar system was developed at Philips Research, initially as an internship
project and is explored further with the PhD project of Pavan Dadlani (Dadlani et al
2008). The Aurama awareness system (Figure 6) he created integrated several
technologies that Philips Research was experimenting with in its Experience

Figure 5

The Diarist system of Philips Research. A sensor-based awareness system aiming to support
the elderly to live alone independently. The system addressed several of the interaction
design challenges and user acceptance issues relating to this broad scenario. In the picture
you can see the placement of the sensors at home (left) and the graphical display of the
awareness information on a Philips Pronto device. The exploded view shows how the
inferences made by the system are rendered to users as a comprehensible narrative text.
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Research Laboratories: monitoring sleep quality, weight loss, presence at home
and even cognitive decline. The key argument made with this design, derived from
extensive interviews, focus groups and extensive field testing, is that both elderly
people and their children are not so much interested in mundane trivia sensed
automatically as the majority of related scenarios predict. Rather, they wish to
know about events and facts that are not easily observable even face-to-face, e.g.
longer term trends, exceptional events or circumstances. Rather than a surrogate
for physical presence, awareness systems emerged as tools for supporting one’s
self-awareness and motivating behavior change. 

The evaluation of these systems revealed the importance of another critical design
challenge, that of the perceived agency of disclosure. Frail elderly people often
refrain from mentioning bad news or worries to their children in order to not have
them worry. But the children also are concerned that they miss crucial information
for this reason. For both parties, the existence of a health monitoring system
eases this tension, removing the agency of the disclosure from the elder
concerned. While this is felt to benefit social interaction in this case, at other times
it can be experienced as loss of control regarding self-disclosure. Also, it is
interesting to contrast this to ASTRA where the very fact that someone takes the
effort to share some trivia or joke is valued as an indication that the sender values
the receiver.

V.J. Khan studied busy families. An extensive multi-method investigation (Khan
2008) showed how available media did not provide sufficient means for busy
parents with young children to coordinate activities, to judge availability for 
direct communication, to provide expressive support, and to simply provide an
elementary reassurance that ‘things are going according to plan’. His Family Aware

Figure 6

The Aurama system (Dadlani et al, 2008). The photo-frame turns into an interactive display
for browsing data regarding monitored parameters such as weight and sleep duration. The
illuminated frame acts as a remote presence indicator.  
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system is an example of a mobile awareness system that makes use of context
sensing. It was designed and implemented to address the aforementioned needs
and validated in an extensive field test (Khan et al 2010). 

A theme running through these designs is an effort to strike a balance between
sharing more information about oneself and protecting one’s privacy. Privacy is
seen here from a social psychology perspective as a dialectic process in which
people continuously adapt dynamically what they consider a desirable level of
interaction and information sharing with others. Sometimes they wish to disclose
information, as they do in social networking sites, or when they confide to others,
and similarly they wish to engage in interaction with others, to talk, engage in a
tele-conference, or simply respond to a posting by another. At other times, they
would rather limit who should know what information, for what purpose and how
they are supposed to use it, and they would rather limit their availability for
communications to others, e.g. when not picking up the phone. 

In short, general attitudes regarding privacy are poor predictors of how people will
behave at a given moment, largely due to the context dependency and dynamic
nature of privacy needs. As Garde-Perik showed in her PhD, this is coupled with an
apparent difficulty by users to grasp privacy related concepts, which points to the
inadequacy of current privacy interfaces modeled after access control systems and
legal principles for personal data management. Managing one’s privacy requires
fine grained dynamic control that blends effortlessly into the primary activity of
the user. 

This perspective was adopted in the PhD projects by Romero and Szostek, who
examined how existing social skills and norms from daily interactions can be
transferred to the design of social media. Let us here look briefly at the concept of

Figure 7

The Family Aware system provided automatically constructed awareness of location and of
availability, and allowed explicit communication with short messages and photos. 
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privacy grounding by N. Romero that she developed by extending earlier
theoretical works on privacy combining them with a theory of verbal
communication. According to Romero, privacy borders are set dynamically and
cooperatively throughout our social interaction for which very lightweight
mechanisms are needed to signal privacy intentions. Moreover, and typically
neglected in earlier theories and related design solutions, we need equally
lightweight mechanisms for allowing border representations to be grounded.
Grounding means ensuring common ground for information, i.e., shared
knowledge, for both interacting parties. Figure 8, illustrates the process of privacy
regulation through signaling and grounding of borders, and shows a tangible
interaction device used as a privacy grounding interface for a desktop PC based
awareness system called Community Bar. The privacy grounding model addresses
several of the limitations of earlier gate-keeping solutions based on a specification
of access rights, especially their unidirectional nature that leaves room for
misunderstandings and miscommunications. 

Collaboration

Signalling

Representing
privacy borders

Establishing a shared
understanding

RegulationGrounding

Figure 8

The grounding cylinder by L. Boer, that was a physical embodiment of a privacy border
control mechanism. Users could ground incoming requests by simply tapping the cylinder or
by rotating its head, to indicate when they would respond to the initiation. 
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One of the strongest effects of awareness is its potential to induce behavior
change. In the context of connectedness research, awareness systems were found
to encourage their users to engage in communication with others, to provide
affective support to others, or even for their own benefit in order to fight isolation
and loneliness, etc. Another approach to changing behavior is to make this
behavior intrinsically more motivating, e.g. as part of a game. Games are a very
common way to induce specific behaviors that can be embedded in the game play.
In the past few years, we have designed a series of games that foster social
interaction between children in and around the game play. The pOwerball game,
created in collaboration with TU Delft, made use of interactive table-top displays
to encourage children with mixed abilities to play together in what was an
Augmented Reality pin ball machine (Figure 9). The design made sure that there
was a low threshold for participation in the game in terms of the physical and
cognitive skills required, a ‘high ceiling’ allowing skilled players to use their skills
and develop further; crucially the game mechanics were such that participation of
all players was required to win. 

Social gaming was pursued further with a series of games that children can play
together outdoors. These we named ‘Head-Up Games’ as they are intended to
counter the current trend of games played on mobile game consoles and mobile

Changing Behavior

Figure 9

The Family Aware system provided automatically constructed awareness of location and of
availability, and allowed explicit communication with short messages and photos. 
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phones, where children play ‘head down’, typically separately from each other. 
We have designed, developed and evaluated in action several of these games to
illustrate the concept (Soute et al 2010). A well known example is the Heartbeat by
Remco Magielse (Magielse 2009) that makes use of simple biofeedback as a game
element to add tension and excitement to the game. Children can use handheld
devices to act as some kind of ‘radar’ to spot opponents whose heartbeat exceeds
a set threshold (Figure 10). Playing the game sometimes requires dashing, at other
times hiding and staying still, and cooperation to trap or escape from opponents.
The game can be played outdoors, in parks, quiet streets, where children have
traditionally played outdoor games. A tenet driving this design effort was that the
games of the future should look more like the games of the past than the games
of the present; we were after reviving traditional behaviors and actions seen in
traditional outdoor games now supported by technology to enhance the play
experience.

Gaming, particularly when it supports tangible and embedded interaction can be
particularly useful for rehabilitation. In the past few years, in collaboration with
Serious Toys, Adelante kenniscentrum in Hoensbroek and Sint Maartenskliniek in
Nijmegen we have developed several of these games to support arm-hand training
for stroke patients as well as for children with cerebral palsy, and this is an area
where we expect several developments in the next few years that are of direct
value to patients and society. Games provide a pleasant way to motivate patients,
stimulating movements and manipulations, providing motivational feedback
regarding patient performance as an integral part of the game. In the example of
figure 11, children with arm and hand control limitations are encouraged to

Figure 10

The Heartbeat (Magielse et al, 2009) game is an example of a Head-Up Game, i.e. an outdoor
game for children combining sensing, computation and communication technologies,
encouraging social interaction and physical activity as part of game play.
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manipulate sizeable objects in order to match targets on the interactive table-top
surface. Our initial evaluation at a couple of clinics suggests that the game helps
children persevere with the exercises for longer, and makes the exercises more fun.

Beyond facilitation and awareness as a means to encourage behavior change, an
area that has been attracting growing interest in recent years and very much so at
TU/e is the idea of using social influence strategies to allow Ambient Intelligence
technology to induce behavior change. The advantage here is that there is a vast
body of theoretical and experimental work in the domains of social psychology,
marketing, and behavioral economics that can inform the designer. Together with
colleagues from Philips Research we explored the design of systems and services
that would encourage physical activity. Social facilitation and social comparison
are typical mechanisms to encourage behavior change; an illustration of how
these can inform the design of an interactive product and its related service is the
Podium Plate by Hakki Althun (Figure 12), a device that visualizes in an aesthetic
and non-obtrusive way how different members of the household meet their
personal targets relating to their level of activity through the day. This device used
sensing technology by Philips to monitor the activity of individuals. 

Figure 11

Games to support arm-hand training. Left: games for children with cerebral palsy 
(Ying Li, PDEng graduation project, USI program, 2007). Right: games for stroke patients
(Luuk Beursgens, Master graduation project 2011).

Figure 12

The podium plate device; placing one’s activity monitoring on the podium plate lets the user
inspect the extent to which each household resident has achieved their personal goals
regarding physical activity for the day (Bachelor graduation project by H. Althun, 2009).
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The first decade of work in persuasion technology and commercial applications to
date are severely impoverished when compared to human persuaders. Provided a
reasonable implementation is made, it is no surprise that the effects known from
the various strands of psychology tend to be reproduced with the use of
persuasive technologies. However, within the context of an individual interaction
such technologies are very cumbersome when compared to humans: regardless of
who you are and how you respond to the persuasive attempt, they will always
attempt to apply the same persuasive approach. 

We believe that such technologies can be much more effective and acceptable to
people if, like human persuaders, they become adaptive and personalized, using
some of the possibilities associated with Ambient Intelligence. But how would
technology act persuasively in an Ambient Intelligence world? I will resort to
Hollywood’s abilities to bring to life futuristic visions by referring you to
Spielberg’s film ‘Minority Report’. In one scene of this film John Anderton, the
hero, walks down a shopping mall surrounded by technology embedded in the
environment, sensing, recognizing and reacting to him as he walks by, and

Personalizing persuasion

Figure 13

The ‘mall scene’ from the 2002 film Minority report by Steven Spielberg illustrated
technology projected for the year 2054 featuring embedding, context awareness that was
personalized and adaptive, and even anticipatory in some ways. The scenario is quite grim
as the technology competes with the goals of the person, is insensitive to his affective state,
and clearly challenges our common sense perceptions of personal freedom. 
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presenting personalized advertisments to him. The scene and the film represent 
a dark scenario that has fascinated many artists and columnists, where technical
capabilities are (mis)used for creating a ‘Panopticon’-like society. From our
perspective we would argue that this is Ambient Intelligence used wrongly. The
technology fulfils the key elements of Ambient Intelligence but is not designed to
address the hero as a person, to address his needs, to adapt to the goal he has 
at that moment. In short, the system lacks social intelligence. So while the
technology shown does represent leaps forward in terms of context sensing and
embedding, it is clearly a different, more intelligent adaptation to individuals that
we need.

In a research collaboration with Stanford University sponsored by Philips, 
Maurits Kaptein conducted a series of studies that show how persuasion can be
personalized. His experiments showed that people differ in their susceptibility to
different strategies and, importantly, the individual differences one can observe
when exposing people repeatedly to different strategies are greater than the
differences one can obtain on average over a user population. Profiling users with
respect to their susceptibility to different persuasive approaches and tailoring the
persuasion approach is feasible because, as Kaptein has shown in his
experiments, these differences are stable over time and in different contexts.

One might contend that several persuasive approaches could be combined in the
hope that at least one will work. For example, Amazon, one of the most successful
Internet companies, applies at least three persuasive strategies to customers
browsing its book section: best sellers are displayed because it is known that
people are likely to be influenced by what they know others do, which is called 
the consensus principle. Editor’s picks are displayed as people are known to be
influenced by what a person of authority will suggest to them. Books bought by
other people who have bought the same book as one has ordered will be
displayed as it is known that people are likely to be influenced by the choices of
people similar to them. When one returns time and again to Amazon for new
interactions and purchases, the same principles will be applied regardless of their
previous success or failure. Kaptein et al (2011) showed that a single and well
chosen strategy is the more effective than combining the same strategy with a 
less appropriate one (Figure 14).
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Arguably, a socially intelligent system would: 
a. Make an educated guess of what persuasive approach should be most

effective for the context and the intended recipient.
b. Learn from earlier applications of the technique.
c. Apply the persuasive approach in a way that fits the context and recipient.

The feasibility of this approach has not only been verified with psychological
experiments but also in real life deployments of experimental systems, e.g. to
promote healthy snacking, stair climbing, moderating the volume on personal
music players, etc., even actual commercial services for stimulating physical
activity. It has also triggered a multiple PhD research program in the Netherlands
that aims to develop this technology further, and related developments abroad. 
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In a variation of the desert survival task, the authority strategy (taking advice from an
expert) and consensus strategies (being told what similar others do) were applied. Authority
was more successful than consensus when applied on its own. When combined, the two
types of advice were less effective, though it made no difference whether they were
congruent or not (Kaptein et al 2011).
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One of the challenges for realizing this technology concerns how to construct
reliable and robust persuasion profiles. Kaptein and Stanford-based Eckles have
developed a reliable self-report instrument for evaluating people’s susceptibility
that is context independent. To be applied in practice, this would require informing
people of the persuasive intent and applying fair information practices to the use
of this profile. But will persuasion still work under these conditions? Kaptein et al
(2011) showed that persuasiveness of the system improves when people are 
aware of the persuasion principle applied, or when they are given the choice of
how they prefer to be persuaded. On the other hand, as one might expect, the
persuasiveness was diminished when the persuasive intent of the message was
described as such to particpants (Figure 15).
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Disclosing to people that they are the subject of persuasion appeared to reduce compliance
in the experiment reported by Kaptein et al (2011): persuasive systems are less so when the
user is informed of the persuasive purpose. Knowing why a particular strategy is chosen or
even choosing the type of persuasive message one should receive appear to increase
compliance: persuasive systems are more persuasive when users are in control. 
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I would expect and hope that some of you are feeling uneasy about the potential
misapplications of this technology. Profiling people and personalization have
several perils even for well intended technologies. Eli Pariser (2010) discusses the
effects of automated personalization on many modern internet search engines,
like Yahoo and Google, which are the primary means of accessing the internet for
most people. Probably unknown to the broader public is that different users do
not all see the same results when they undertake a search. For example, a search
on the term ‘Greece’ can result in completely different suggestions for people in
different parts of the world, or who have different records of interactions with the
search engine; even a different number of pages may be recommended. So where
one person might receive links to travel guides, pictures of Santorini and hotel
booking sites, another might instead receive links to papers such as the Guardian
and the Washington Post or CNN in relation to the recent credit crisis and the civil
unrest; someone browsing from the Netherlands would get more Dutch sites
about tourism in Chersonissos in Crete.

Whereas personalization is a valuable functionality, Pariser points out how it
encloses users in a virtual bubble over time, filtering information coming in to be
homogeneous and in line with an unobservable profile that the system builds of
its user and applying a logic that is not disclosed to users. Media theorists like
Paul Baudrillard have long described this phenomenon in relation to mass media,
going even further to point out how the media only provides a simulacrum of
reality that supersedes it to the eyes of the viewer. While there has always been
some kind of bubble filtering, the information we get to see, gatekeepers for this
information, like editors, papers, broadcasting corporations, etc., are identifiable,
observable and regulated by law. In contrast, mass personalization technology is
performed automatically and silently, is not predictable to its users and is
currently unregulated by law. The personalization algorithm may even be a
commercial secret that is not possible to see, let alone understand.

The Filter Bubble and 
the Situated Self
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Given the nature of the Ambient Intelligence technology discussed above, the filter
bubble can surround us and follow us beyond our focused interactions with the
internet and in the context of daily activities and social interactions in which
technology becomes embedded. Worse, the technology is turning into an active
agent with distinctively social behavior and consequently with the potential to
shape people’s behavior and self-perception, a point anticipated from a theoretical
perspective in the thesis by Berg (2010).
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The concerns described call for an open-system design where the purpose of 
the system is divulged, the logic of the system is made observable and even
controlled by users. These challenges apply not only to persuasion but more
generally for the broader field of Ambient Intelligence, and are known as the
challenges of intelligibility, accountability and control. Scholars in this field have
long argued that context sensing technologies need to be rendered intelligible to
users, who should be able to understand context sensing, why particular actions
are taken in response and even control this functionality (Belloti and Edwards,
2001). The challenge of doing so pertains to the clear tension between opening up
the technology enough to support intelligibility, accountability and control, and
the need to simplify the operation of complex technologies and hide unnecessary
technical detail from the end-user. 

In his PhD thesis, G. Metaxas (2010) approached these challenges from three
perspectives: 
a. As a cognitive science problem, he studied the naturalness of different logical

expressions informing the design of tools to allow end users to act as
programmers of Ambient Intelligence applications.

b. As an end-user programming challenge, for which appropriate abstractions
needed defining with reference to the specifics of awareness systems and the
related social interactions they afford.

c. As a software infrastructure
problem, requiring appropriate
software architectures to be
defined to allow the
opportunistic composition of
software services.

Intelligibility, Accountability
and Control

Figure 16

The CoRE editor by Metaxas (2010) for specifying context aware behaviors of a system
constructed opportunistically as an aggregation of services. Here it is used to define the
context range under which this user wants the system to consider that he is in a good mood.
The user can collapse undesired terms and alter the term-specific parameters with the pull-
down boxes.
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The Amelie platform was validated by implementing other awareness systems on 
it (such as the Family Aware system discussed above). The Context Range Editor
(CoRE) tool he developed was able deliver order of magnitude gains in user
performance for programming logical behaviors of the system compared to earlier
published reports (Figure 16).
This end-user programming technology was created with the aim of enabling users
of social media to act as creators of their own media or to tailor existing ones to
meet their own idiosyncratic needs; in practice this aim has not yet been fulfilled.
Enabling a community to act as creators of technology goes beyond providing
individuals with the tools with which to develop relevant solutions. Rather it
requires the creation of the appropriate value network where individuals can
expect and obtain a return on the effort they invest in using the system and
developing solutions. This approach has been termed meta-design (Fisher et al
2004). G. Fisher, an originator and advocate of this approach, outlines its main
characteristics as follows: media allow users to act as designers and be creative,
but should be under-designed providing a context for creation rather than the
actual content, and the designer does not get to define a product but the
conditions for a process of innovation. 

We are currently exploring this approach in the domain of rehabilitation
technology. In the Wikitherapist project funded by Agentschap NL we are aiming 
to provide therapists with the tools to create solutions to support rehabilitation.
Our efforts are not only to provide a technical platform that will afford a low
threshold for non-programmers to develop software. Rather, we aim to create a
community of innovation initially focused around some technical solutions that 
we provide and who will eventually, independently from us, create and implement
their own content to support rehabilitation. Similarly in the context of Head-Up
Games, we aim to provide children with the tools to program their own games,
adapt them to their own needs and wishes (Figure 17).

Figure 17

Children modifying the game rules for a game on the game console by Swinxs BV, by flashing
cards corresponding to different game elements; traditional games have always been
adjusted on the fly to match different contexts, and digital games need to afford a similar
flexibility (Toering et al 2010).
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In the research projects described so far, we have consistently combined design,
engineering, input from social sciences and multi-method empirical research to
evaluate emerging socio-digital experiences. In our most recent research, we have
even needed input from health sciences, given our growing interest in the field. 
In keeping with the social constructionist perspective described earlier, the
systems constructed have not been put forward as representative of a bright new
future but as concrete embodiments and probes that allow us to bring to life the
intended socio-digital experiences, and eventually extend our knowledge
regarding the type of experiences that will emerge and how to design them.

Almost all the systems described have been evaluated ‘in the wild’ to examine
how interactions play out in real life, in the actual intended context of use, with
representative users. As an example, consider the evaluation of the Family Aware
system by Khan et al (2011) where the emergent user experience was evaluated
both qualitatively and quantitatively; in this study we examined how well it
supported the coordination of daily schedules and managing one’s availability for
communication, and how it fostered feelings of reassurance and supported
affective expressiveness. Self-reporting before, during and after using the system
was designed to attribute measurable effects to the use of the system. The results
shown in figure 18 provide a very strong indication of the success of the system. 

One could ask why go into such lengths for evaluating some systems. To social
scientists the phenomena played out in many of our designs appear as special
cases of well known general theories and could be argued to come as no surprise.
Why not simply design on the basis of known theories and abstract models? 
On the other hand, designers and engineers often dismiss commitment to rigor 
in the evaluation and the link to social sciences as old fashioned and innovation
decelerators. As a result, short-cuts are often made in evaluation and claims
regarding the effects on humans and the emerging experienced are based on
speculation or unreliable measurement procedures.

The reason we go to such lengths is simply that reality matters. Assuming that one
could predict the nature of the experience simply on the basis of some theory

Socio-digital experiences 
‘in the wild’
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ignores the issue of infinite detail discussed earlier and brushes over a multitude
of design challenges that cannot be anticipated unless one constructs prototypes.
Making is key not only to realizing concepts but, as importantly, to understanding
what the design challenge is. Evaluating the emerging user experience in the 
wild is crucial. Even more so for research in this field, as failure to test one’s
contentions and link them to solid evidence renders them simply wishful thinking.
Furthermore, an endemic to our field failure to relate to existing body of
knowledge favors reinvention of the wheel and onomatopoeia over cumulative
science. 

Let us turn our attention to educating designers of Ambient Intelligence systems,
especially relating to socio-digital experiences. Clearly, the range of expertise
required is too heterogeneous and domain specific for one person to master
during a single university education. Apart from the obvious corollary that design
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In the evaluation of the Family Aware prototype, the intended experiences were evaluated
prior to the use of the system for two weeks while using the system and for a week after the
system was withdrawn. The data showed how the intended benefits increased when using
the product (Khan et al 2011). 
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and research teams have to combine diverse intellectual traditions, a more subtle
issue regards the perils of designing without awareness of these disciplines and,
worse, without awareness of one’s ignorance of these disciplines. Lip service is
often paid to multi-disciplinarity, but this needs to be lived and practiced actively
by pulling down disciplinary divides and silos within research and education
organizations.

This has direct implications for design education. A broad education that cuts
across disciplines is necessary, the competencies needed go beyond generic
craftmaking skills. We need to create a new breed of designers who will be versed
in scientific methods of inquiry, who have some exposure to social and behavioral
sciences, and who will be fluent with the materials of their technological era:
software, context sensing technology and adaptive systems. Our department set
out to achieve this nine years ago, and it is an approach that is now becoming
increasingly accepted worldwide. Encouraging design students to obtain minors in
other disciplines or training postgraduate designers who already possess a degree
from different disciplines in the design of socio-digital experiences mitigates some
of the difficulties discussed above and can be key to future innovations.  
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I owe gratitude to too many people to mention, teachers, friends, students, 
who knowingly or not have helped me learn, develop, and reach this important
milestone for me. 

First of all my parents, ÃÚÈÛÙ›Ó· and ¢ËÌ‹ÙÚË˜, who for forty-five years now have
always been there caring, supporting, encouraging and looking to find ways to
help me fulfill my aspirations. Living away from home, I have had no less support
and warmth from my in-laws Monique and Jef. Thank you all.

I extend my thanks to my colleagues at the department of Industrial Design, the
students, post-graduates of the USI program, and especially my colleagues at the
UCE group for providing a fun and stimulating environment to work in. I would
especially like to thank our group leader, Berry Eggen, for being a supportive
coach and champion during my promotion trajectory and our dean, Arnout
Brombacher, for his decisiveness and efficiency in pushing my professorship
through.

Over the years, I have benefited from the wisdom of several people: Don
Bouwhuis, Matthias Rauterberg, Rene Collier, Theo Bemelmans. I consider myself
lucky that our paths crossed. Jean Bernard Martens, special thanks for your
friendship and mentoring, I can always count on you for a fresh, no-nonsense
opinion and for mocking my idiosyncratic character traits. Maddy Janse, for the
most brief and eye-opening career orientation small talk we had in 1990 when you
diagnosed me as an academic, and for the fun times working together with you for
the USI program.

I owe thanks to all students who have worked with me, Bachelors, Masters and
post-graduates of the USI program; my thanks go out especially to my PhD
students, past and present. It is your achievements I have presented today, and 
it is you who have made it all happen: Florian Egger, Dennis Abrazhevic, Natalia
Romero, Evelien Garde Perik, Aga Szostek Matysiak, Javed Vassilis Khan and
Giorgos Metaxas. PhD supervision has been and remains the most fun part of 
the work. Maurits Kaptein, Pavan Dadlani, Iris Soute, Nikos Batalas, and 

Words of gratitude
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Renske de Bruyn, you are my heroes of the day, I admire your talents and I relish
seeing you grow and mature as researchers.

Maurits and Metaxas, a special thank you for your input in preparing this talk and
for the challenging discussions we have had over the years; I am always
impressed by your insights.

Before I close, I would like to thank all the symposium speakers today: Emile
Aarts, Albrecht Schmidt, Alan Dix, Janet Read and Wijnand IJsselsteijn. I invited
you not just because I was after excellent speakers but also because I value your
friendship and the interactions we have had in the last years. I have learnt a lot
from all of you. 

A special word of thanks to my co-investigator, co-author, co-chair, co-editor, and
friend Boris de Ruyter. You are a rock, always cool under pressure and fun to work
with. 

My final words of gratitude and love go to my family. ∑Ô˙ÂÊÈÓ Î·È ∂Ì›Ï, Û‹ÌÂÚ·

Â›Ì·È ¯·ÚÔ‡ÌÂÓÔ˜ Î·È ÂÚ‹Ê·ÓÔ˜ ·ÏÏ¿ ·fi fiÏ· ÈÔ ÔÏ‡, Ô‡ Â›Ì·È Ô Ì·Ì¿˜

Û·˜. Last and most important, Annick, thank you for your love and companionship
all these years, for all the dear experiences we have lived together. This
achievement is as much yours as mine. And like any arrival, it is at the same time
a departure for future journeys and adventures that I look forward to sharing 
with you. 

Ik heb gezegd.
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