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Chapter 1
Relevance & Motivation



P

eople change, sometimes in sudden and unexpected ways. I used to live in
a four-story student flat. It was sufficiently small for most people to know
each other at least by name. One day, I noticed a peculiar thing about one of the
students living on the fourth floor. I had always known him as a timid and quiet
student. He walked the corridors as if he was not there, and even shied away
from greeting other people that crossed his path. But at irregular intervals, at
irregular times, he transformed into a confident, social being. He joined discussions, raised issues and, not without a sense of humour, presented his visions on
matters. Each time I met him after one of his zestful appearances, I tried to discover his confident new self in the way he walked or talked in the corridor. But as
sudden as he changed one way, he changed back again. With eyes turned to the
ground, he passed without returning my greeting.
Around that same time, another flat mate started grabbing my attention.
Where the timid student passed without saying anything, this flat mate seemed
to always be engaged in some sort of private monologue. When I greeted him
on the corridor he just looked at me, with an empty gaze, and mumbled on. Although he seemed socially unadjusted, once I managed to get his attention he
turned out to be extraordinarily social.
The most dramatic change of behaviour I noticed during those years took
place on the other end of a telephone conversation. My friends and I were together in an Amsterdam attic to play music. A young falcon, a rare bird in the
Netherlands, fell from the roof into the attic and looked seriously injured. In an
outbreak of compassion for this endangered bird, we decided to call the Animal Ambulance. The lady at the telephone was kind, helpful and prepared to
send an ambulance over as quickly as possible. Then she asked for the location’s
postal code. This was a turning point in the conversation, and as unexpected
as thunder on a clear day, she seemingly transformed into another person. We
tried several ways of describing where we were: We gave the street’s name, we
gave the nearby streets’ names, and we even gave the name of the café round
the corner. The only thing we could not give was the postal code. But the lady
insisted, and turned irritated. She left us speechless and confused as she curtly
ended the conversation: “I am sorry, but without the postal code, I just can’t send
an ambulance over.” “But what about the bird?”, we asked. “I am sorry, we can’t
help the bird like this. Have a nice day”.
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Technology in interaction changes people
The behaviours of the people described in these stories seem hard to
understand. The reason is that these accounts are incomplete. Technologies
played a significant role in shaping the behaviours of these people. Completing the stories with the role of these technologies makes them more comprehensible. During my years as a student, new information and communication technologies became widespread, and noticeably changed social
conduct. The timid student I described transformed into a soapbox orator
only when he communicated through the student flat’s internal mailing list.
The safe environment of his computer screen apparently released his latent
socially engaged and talkative self. The person engaged in perpetual monologue was a heavy user of a wireless telephone headset. The unsatisfactory
situation with the Animal Ambulance was not entirely due to the whims of
the telephone operator. She had to fill in an ambulance request-form on her
computer. This entry form required a postal code, and refused to process a
request for an ambulance without it. The absurd situation, in which this benevolent organisation gave up on an animal for an administrative triviality,
was caused by the combination of this uncompromising entry form and a
person that could not (or did not want to) work around it.
In general, technology brings about change in people’s lives, once it
enters the life of these people. One example that is most probably familiar to the reader is the mobile phone. Social scientists describe how it has
changed the way people organise their everyday life, and especially among
teens, tightened social networks. SMS technology even changed language
amongst teens (Ling, 2004). The mobile phone has socially transformed people in a variety of ways.
New technologies for a new generation of products
New technological possibilities continuously emerge. The consumer
electronics industry currently develops technologies for a new generation
of devices that are networked, adaptive, context-aware, personalised and
anticipatory (Aarts & Marzano, 2003). These devices are envisioned to ‘weave
into the fabric of everyday life until they are indistinguishable from it’, as Marc
Weiser (1991) once put it. These ‘Ambient Intelligent’ devices have the potential to influence everyday life in new ways. It is unrealistic to expect that
such intelligent products and systems will just assist us in what we normally
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would do. Similar to the effect of the mobile phone’s introduction, adoption
of such products and systems will transform our daily life. And as these products and systems are omnipresent and deeply interwoven in our lives, their
influence on people will be even more profound.
From blind technology to envisioning design: ethics
The new technologies that enable these highly integrated products and
systems confront design with new opportunities and challenges. If these intelligent products and systems weave deeply into our personal lives, we cannot leave their possible transformational role to chance. We risk nonacceptance, we risk a de-humanizing effect on people like the Animal Ambulance
Entry form illustrated, and we will miss opportunities for improving people’s
lives. In the context of highly integrated intelligent products and systems,
design will increasingly be about creating opportunities for changing people’s lives in a positive way. This means that design will be decreasingly technology driven, market driven or problem driven. It will increasingly be driven
by a vision of a better life, made possible through humanized technology. A
vision of a better life implies a strong ethical dimension to design of intelligent products and systems. What is a better life? What transformations are
desirable? How do we want or allow our products and systems to influence
our lives? What transformations will be accepted, resisted, or needed in society? This ethical dimension of design in the context of highly integrated
intelligent products and systems is in my view a given that needs attention
in design research.
Ethics and Aesthetics in intelligent product and systems design
The ethical dimension of intelligent products and systems design is
the point of departure of this thesis. This is a thesis in industrial design, for
industrial design. It is concerned primarily with the question how to design
these intelligent products and systems. How could a vision of a desired social
transformation be implemented through design? How to incorporate such
an ethical idea into design of intelligent products and systems?
Intelligence in products and systems challenges design in terms of ethics,
as explained previously, but also in terms of aesthetics. An essential characteristic of intelligent products and systems is that they portray behaviour in
interaction. Designing such products and systems requires a language that
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goes beyond ‘traditional’ static form aspects: It requires a new language of
form that incorporates the dynamics of behaviour. What could this language
be?
This thesis takes on a combined approach to face the ethical and aesthetic challenges to design. I depart from the idea of a strong relation between
ethics and aesthetics, which is a relation already identified by Aristotle in ancient Greece. How do something as ungraspable as ethics and the smallest
aesthetic design detail relate to each other? How to do ethics through aesthetics in intelligent product and system design? Reflecting on my previous
research into aesthetics in human-product interaction (Ross & Keyson, 2007;
Ross, Overbeeke, Wensveen & Hummels, 2008) leads me to believe that Aristotle’s idea of intertwined ethics and aesthetics is still relevant to this new
context of intelligent product and system design.
Exploring the research area
The design research area of ethics and aesthetics in intelligent products
and systems design is largely uncharted at present. It is impossible for this
research to cover the topic in its full breadth. The current research therefore
has an explorative character. It develops throughout a series of four researchthrough-design cycles (Frens, 2006). Design knowledge is systematically acquired throughout these four cycles. Cycle I focuses the research, through a
design workshop called ‘Ethics and Aesthetics in Interaction’ and literature
study. Cycle II treats a first empirical study with interactive lamps, and Cycle
III and IV go in depth about a specific way to incorporate ethics and aesthetics in products and systems that behave in interaction.
The structure of this thesis
The structure of this thesis follows the actual research-through-design
process. The result is a configuration that differs from a ‘traditional’ one. The
current thesis is divided into four parts that coincide with the four researchthrough-design cycles mentioned in the previous paragraph. The first step
in this process, the design workshop ‘Ethics and Aesthetics in Interaction’
with the subsequent literature study, helped shape the current research’s
problem definition and research questions. True to this process, this thesis
treats the design workshop first, followed by the literature study, before the
final problem definition and research questions are stated. The chapters af-
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ter that treat the three subsequent research-through-design cycles, in which
the topic of ethics and aesthetics in intelligent product and system design is
explored on the basis of the research questions.
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Research-through-design Cycle I
Finding Focus
Chapter 2 & 3

Chapter 2
Workshop Ethics & Aesthetics in Interaction

10

2.1 Introduction to cycle I: Finding Focus

T

his first cycle serves to focus this research. It uses both design activity
and literature study to find focus. It features a workshop called ‘Ethics and
Aesthetics in Interaction’, that explores how to incorporate ethical systems
in aesthetic interaction. This workshop is described in chapter 2. The workshop’s findings serve as the starting point for a literature study. This literature study in turn leads to a sharpened problem definition and four research
questions. This second part of the research-through-design cycle is treated
in chapter 3.

2.2 About this chapter

T

he current chapter describes the workshop ‘Ethics and Aesthetics in Interaction’. This workshop is the first exploration of the question how to incorporate ethics and aesthetics in design of intelligent products and systems.
The workshop departs from an extreme stance on the relation between ethics and aesthetics. This point of departure is the classical Aristotelian idea of
the unity of the good and the beautiful. This unity is captured in one Greek
word, το καλον (‘to kalon’ in Roman letters), meaning both ‘good’ and ‘beautiful’. The central question in the ‘Ethics and Aesthetics in Interaction’-workshop is: How to design for to kalon in interaction? It follows from the idea
behind to kalon, that people with different ethical beliefs will find beauty in
different things. How will this translate into design of interactive products
and systems? A Kantian and a Nietzschian person, for example, would disagree on what a beautiful interaction with a product or system would be. How
does one create Kantian or Nietzschian beauty in interaction?
After a brief theoretical introduction to to kalon in section 2.3, the workshop set-up is treated (section 2.4). The resulting designs are described in
section 2.5. These designs are evaluated in terms of the workshops own
goals (how to design for to kalon) in section 2.6. The chapter concludes with
a reflection on what the workshop teaches about ethics and aesthetics in
intelligent products and systems design (section 2.7)
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2.3 To kalon, the unity between the good and the beautiful

T

he meaning of to kalon, meaning both ‘good’ and ‘beautiful’, relates to ancient Greek Aristotelian virtue ethics (Sachs, 2002). For Aristotle, the good
and the beautiful are united. In his ethics, the beautiful is the highest good
for people. The meaning of to kalon in Aristotle’s ethics is comparable to the
way the term beautiful is used today in sentences like: ‘That was a beautiful
thing you did’, or contrastingly: ‘Don’t be so ugly’. Beauty has a clear moral
dimension in such use. This daily use indicates that the relation between the
good and the beautiful from Aristotle is still acknowledged today.
We can apply this meaning of beauty to our understanding of design as
well. We can relate a product’s aesthetics to an idea of what is good in life,
even knowing that there are countless aspects that influence a final design,
like for example culture, technology, personal preferences and economic
factors. Compare for example the contrasting aesthetics of Marcel Breuer’s
B3 chair (also known as Wassily chair) and Verner Panton’s 1986 Pantower
(Figure 2.1).
Breuer was part of the famous Bauhaus design school when he designed
the B3 chair in 1925/26. The Bauhaus united creative people with a social
ambition. They developed a new aesthetics for product design, striving for
universal beauty and integrating all forms of art and crafts. Their aim was
to emancipate the masses by making their products, carriers of this universal beauty, widely available (Bürdeck, 1991/1996, p. 33). Verner Panton embraced the more play-oriented spirit of the sixties. His Pantower’s aesthetics is one of softness, roundness and playfulness (Fiell & Fiell, 2001, p. 122),
which contrasts heavily with the B3 chair aesthetics.
Looking forward, we see relevance of to kalon for design in another way.
When intelligent products and systems start behaving socially, like Ambient
Figure 2.1 left picture:
Breuer’s B3 chair. Right
picture: The Pantower.
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Intelligence envisions, these behaviours can arguably be considered beautiful or ugly: Just like human behaviours can be considered beautiful or ugly,
depending on their goodness in terms of ethics.

2.4 Workshop Ethics and Aesthetics in Interaction set-up

C

an we also explicitly design for this unity of good and beautiful in intelligent products and systems? And how can we do this? In other words: How
can we design for to kalon in interaction? This is the question this workshop
explored. It was developed in close cooperation with designer and Choreography of Interaction researcher Sietske Klooster (Klooster & Overbeeke, 2005)
and philosopher of ethics Dr. Jan Vorstenbosch of the University of Utrecht.
The one-day workshop was conducted at the department of Industrial Design of Eindhoven University of Technology (TU/e) in the Netherlands. It was
repeated in slightly altered form as a 40 hour class for Industrial Design Master students at TU/e. Two of the resulting designs of this class are included in
the discussion as well.
Nine designer/researchers from industry and academics participated in
the workshop, selected for their experience in interactive product design.
Seven of nine participants had formal training as industrial designers and
worked as designers in industry and/or in academic research. The two other
participants were experienced in design research.
The main assignment for the participants was to try to incorporate different ethical systems in their designs. The focus was on the interaction these
designs elicited. How to design for to kalon in these interactions? Each group
of participants designed a set of two products or systems. The two products
or systems in a set should have the same primary functionality, but they
should differ in terms of to kalon in the interactions they elicit. At the end of
the workshop, the two designs were compared. The aim was to make clear
how design for to kalon influenced the designs and their resulting interactions in terms of ethics and aesthetics (despite their similar functionality).
The workshop consisted of the following steps:
Step 1. Short lecture on the link between ethics and aesthetics (30 min.)
The theory of to kalon was explained and illustrated with examples.
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Figure 2.2 left: The Romantic zone,
with pictures of Rodin artworks, a
text description hanging from the
ceiling and music of Liszt playing.
Right picture: An introduction to calligraphy that enriched understanding
of Confucianist ethics and related
aesthetics.

Step 2. Introduction to ethical systems (45 min.)
Four ethical systems were introduced. These ethical systems were selected
and described in cooperation with Dr. Jan Vorstenbosch, philosopher at the
University of Utrecht, who is specialised in applied ethics and phenomenology of consumer product use. The four ethical systems selected were Confucianism, Kant’s Rationalism, Romanticism and Nietzschian ethics. This set
was composed to contain mutually contrasting systems, that all had a strong
link to existing aesthetic movements in art, architecture or design. The ethical systems were briefly explained orally and in writing. Furthermore, related
works of art, including poetry, music and video material were available to
provide inspiration for design. The workshop space featured areas devoted
to specific ethical systems and their related aesthetics (Figure 2.2). The participants immersed themselves in these zones to explore the ethical systems
and the related aesthetics further.
The following is a brief description of the ethical systems. The descriptions are limited to a short impression, since it goes beyond the scope of this
text to give a complete account of these ethical systems. See Appendix 2.A
for the written explanations of the four ethical systems as they were handed
out to the participants and listings of the related art provided in the workshop space.
Confucianism
In Confucianism, the notion of propriety and harmony are key. Harmony is a social concept: It is applied to social relations in a society. Commitment to the community, without self-abnegating is the road to personal fulfilment. Propriety leads to ‘proper’ conduct in one’s relationships by at once
reinforcing traditionally appropriate norms, while at the same time insisting
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that they be internalised and ‘made one’s own’. Ritual practice is the formal
instrument for pursuing personal refinement and self-articulation. The workshop introduces Chinese calligraphy as a related art form, since appreciation
of ritual practice, balance and harmony are expressed in the aesthetics of its
works.
Nietzschian Ethics
Nietzsche is an ‘anti-moralist’. ‘Good’ is no longer universal, but differs
for the majority and the elite. Good is what is good for the superior few. This
elite, the Übermensch, greets life with joy. He lives to pursue his own goals in
a chaotic and dynamic ‘Dionysian’ world, knowing that eventually nothing
has eternal value. The inferior have no claim to happiness or well-being. The
workshop includes Lenie Riefenstahl’s movie ‘Olympia: Fest der Schönheit’,
Wagner’s ‘Walküre’ and Nietzsche’s own work of poetry ‘Also sprach Zarathustra’ as inspiration for Nietzschian aesthetics.
Kantian Rationalism
In Kant’s rational ethics, universal reason dictates moral rules of a formal character. We can reason about what is good and what is not, and once
we know, we are obliged to act by it. Kant’s ethical system prescribes acting
according to the maxims that you could want to be universal. To act rightly
gives the highest fulfilment. Beauty is the symbol of the morally good. The
workshop space includes a work of de Stijl painter Piet Mondriaan. This work
has an aesthetic with a strong underlying rationale.
Romanticism
The Romantics turn away from Kantian rationalistic ideas. Instead of
searching for a static universal truth, they are interested in the dynamic, nonrational forces on individuals and the world. There is great respect and admiration for the passions and inspiration of the individual, and less regard for
formal rules. The Romantics in general prefer aesthetic to utilitarian values: a
Romantic favours something beautiful over something useful. Romantic ethics are aesthetic: What is beautiful is good. During the workshop, pictures of
Rodin artworks and music of Liszt provided inspiration for interaction design
from Romantic aesthetics.
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Step 3. Design assignments (30 min.)
Three groups of three participants were constituted. The assignment for each
group was to design two functionally similar products, while incorporating a
contrasting ethical system in each design: The two products had to elicit two
different kinds of to kalon in interaction, based on these contrasting ethical
systems. Two of the assignments are treated in this chapter. They are the following:
Cattle slaughter and destruction lines - Nietzsche vs. Confucianism
Slaughter and destruction of cattle is an ethically and emotionally charged
activity. Every time a highly contagious disease breaks out, like ‘Mad cow disease’,
images of corpses hanging from cranes dominate the television news. On the
one hand, these images fill the public with disgust. On the other hand, there is an
understanding that the work is beneficial to society and prevents more animal
deaths. What would a Confucianist destruction machine look like, what kind of
interaction would it invite, and how would this interaction differ from that of a
Nietzschian line in terms of aesthetics?
Candy vending machines – Kant vs. Romanticism and Nietzsche vs. Confucianism
Candy vending machines are everyday products. Still, they have ethical
implications. Striking is the rudeness of these machines. When we purchase a
candy bar (that we pay in advance), the machine drops it down before our very
eyes and forces us to bend over and grasp the candy from an inconvenient opening. What would a Kantian or Romantic candy vending machine look like and
how would it act?
This chapter also treats a Nietzschian and a Confucianist candy vending machine designed in the follow-up master student course. The two assignments
described in this text come from a list of three themes. The list is made up
with diversity in ethical implications in mind: cattle corps destruction has different ethical implications than candy vending. See Appendix 2.B for the full
descriptions of the assignments handed out to the participants.
Step 4 Designing for to kalon in interaction (3 hours)
The participants were asked to envision convinced followers of both ethical
systems acting with the products and systems they were to design, to see
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and understand the different implications of the two systems in their assignment. What would these followers do, like or dislike? The participants acted
out interactions, playing the parts of both the product and the people involved in interaction. Through this acting out, they searched for interactions
that fitted the ethical systems aesthetically. This step was akin to Klooster’s
Choreography of Interaction approach (Klooster & Overbeeke, 2005) and
Buur et al.’s acting out approach (Buur, Jensen & Djajadiningrat, 2004). In both
approaches designers design through actual movement. Once a satisfactory
‘Choreography of Interaction’ was created for each ethical system, physical
designs were made that exploited these choreographies. These physical
designs were intended to invite interactions that were aesthetically similar
to the interaction choreographies. At the end of the day, the participants
demonstrated what kind of interaction their designs invited in terms of to
kalon, through acting out interaction scenarios with physical mock-ups of
the designs. Due to time pressure, fully functional physical prototypes were
not required: The designers simulated the product’s actions and intelligence
using a Wizard of Oz approach (Hummels, 2000, p. 3-55). Basic materials, like
cardboard, foam core, foam, tape, glue, and hand tools were available for
prototyping (Figure 2.3)
Step 5. Presentation of results (45 min.)
Each group presented its ‘Choreographies of Interaction’, and then presented
its designs by acting out interaction with their physical mock-ups. See Figure
2.4.
Step 6. Discussion (75 min.)
The results were evaluated in a plenary session by discussing the relation
between the ethical systems and the resulting interactions.

Figure 2.3 left: A
workshop table
with prototyping
material. Right: A
group working on
their mock-up.
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Figure 2.4: A
group presents
their interaction
choreography (left)
and a group acting
out an interaction
with their mock-up
(right).

After the workshop day, a short evaluation session was done with philosopher Jan Vorstenbosch to evaluate the match between the targeted ethical
systems and the designs with their interactions.

2.5 Results

I

n this results section, all designs are named after the ethical systems that
underlie their design. So for example, the cattle destruction line that intended to elicit to kalon in interaction according to Nietzschian ethics is
called the Nietzschian line.

2.5.1 Cattle slaughter and destruction lines – Nietzsche vs. Confucius
Figure 2.5 shows both cattle destruction lines. Since this group had no
full-scale mock-ups of their designs, the group presented their designs by
means of the interaction choreographies created by the group. These interaction choreographies give the best impression of the interactions elicited
by both designs in terms of to kalon, so these choreographies are treated
here.

Figure 2.5: The two cattle slaughter and destruction lines. Left and middle: The Nietzschian line mock-up.
Right: A sketch impression of the Confucianist line (no mock-up was built during the workshop).
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The Nietzschian line interaction
The Nietzschian design features a ‘hero’ in full control of a relentless and
highly effective slaughtering procedure. Figure 2.6 shows snapshots of the intended interaction with the Nietzschian cattle destruction line. One man, the
executioner, controls the entire process of cattle slaughter and destruction.
He opens a gate, behind which cattle is driven (Figure 2.6 a). The gate opens
long enough for one pig to be pushed in. (The group chose to work with pigs
instead of cattle). When the pig appears in front of him the executioner prepares for a blow with his electrocution device (b). He strikes effectively and
without hesitation kills the pig (c). The butcher opens a second gate, which
makes the dead pig fall on a conveyor belt. This conveyor belt transports the
corpse to a truck on which it is finally dumped (d). The physical design of the
destruction line has a window (middle picture of Figure 2.5), which gives the
people a view, looking up from below, of how the hero executioner helps the
people get rid of the infected pigs in the crisis of cattle disease. Everything
but the executioner’s actions remains invisible to the public.
In this design, the idea of the Nietzschian Übermensch imposing his will
on the world is embodied in the role of the solitary butcher that has absolute control over the destruction process. The pigs are presented to this hero
as objects in an industrial process. The executioner’s actions are on target
and effective. The people can only look up to this hero, in every sense of the
words.

a

b

a. A ‘pig’ is driven to the
butcher on his command. A
sheet of foam serves as a pig.
b. The butcher (the person on
the right) prepares to strike.

c

d

c. The butcher strikes and kills
the pig with a firm downward
gesture.
d. The pig is dumped and the
next one is offered.

Figure 2.6: Acting out the Nietzschian cattle destruction line. Film clips of all ‘snapshot’ figures
in this thesis are available online at www.philipross.nl/thesis.
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The Confucianist line interaction
The Confucianist design shows a gradual, respectful process of transition from life to death, in which the operator’s role is more in service of the
whole process. Figure 2.7 shows the process of the Confucianist line. First,
the operator skilfully places a pig in a noose (2.7 a). The live pig struggles at
first (b), but is swiftly put to death by an electrocution device (c). The inanimate corpse is released from the noose automatically and is caught gently
by a funnel like conveyer belt, made of a soft, flexible material. This conveyor
belt transports the pig and gently positions it for transfer onto the back of a
truck (d). This truck slowly passes by, which results in a careful placement of
the pigs that are put to death (e).
The Confucianist idea of balance and harmony is pivotal in this design for
interaction. In the process, opposites are balanced: Life smoothly turns into
death, movement into stillness, and chaos into order. The operator putting
the pigs in the noose is part of the process instead of being in full control of
it. Although he is part of the process, he has room to develop and use his
personal skills. Each pig struggles and each pig is different, which demands
different strategies to noose them. This corresponds with the Confucianist
value of ritual practice. Death is not a bad thing. It balances life. Therefore,
the entire process is open and visible, as opposed to the Nietzschian line.

a

b

c

d

a. A skilled person (on the right)
placed a pig in a noose with a
fluent gesture. The sheet of foam
is the pig.
b. The noose transports the pig to
an electrocution device, played
by the person in the middle.
c. The pig is electrocuted.
d. A funnel like conveyor belt
gently transports the pig to the
back of a truck, played by the

e

Figure 2.7: The acted out

person in white.

Confucianist Cattle destruc-

e. The pigs are carefully posi-

tion line.

tioned on the truck
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Figure 2.8: The candy
vending machines’
physical appearances.
Left: Front panel of the
Kantian machine mockup. Right: The ‘Romantic’ machine.

2.5.2 Candy vending machines - Kant vs. Romanticism
Figure 2.8 shows the mock-ups of the final Kantian and Romantic candy vending machines. The Kantian machine has a split panel with buttons
and sliders and the Romantic machine has candy on display and features a
large candy tray for someone to fill up. The physical designs differ noticeably,
which points towards the difference in interactions the machines invite.
The Kantian interaction
The Kantian machine’s interaction consists largely of making selections
through button presses and slider settings. On the left side of the panel, a
person ‘constitutes’ candy by setting parameters, like for example the amount
of protein, carbon and fat (Figure 2.9 a). After adjusting the parameters, the
machine advises a person to proceed or not, depending on his or her fat
index (b). The machine uses a computer-generated voice that is as ‘emotionless’ as possible. After weighing the advice, the person proceeds to the right
side of the panel. The machine asks for a credit card and determines whether
the buyer’s financial situation allows the purchase. If so, the person is asked
to acknowledge the transaction, after which the machine deposits a round
piece of candy with the requested constitution in the slot on the bottom
right (c and d)
The salient link to Kantian rationalist ethics in this design is the emphasis
on reason throughout the process of buying candy. Abstractions are used to
constitute a piece of candy, which is physically hidden behind these abstractions until the last moment. Kant’s idea of duty to follow reason is present in
the strict phased interaction that the machine imposes on a person and its
prescriptive reminders of the candy buyer’s fat index. The flat computer voice
is intended to add to the rational character of the interaction. The machine’s
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a

b

c

a. setting parameters

d

b. ”Are you sure? Your fat
index is already above
17.”
c. picking up the candy
d. done.

Figure 2.9: The acted out interaction with the Kantian vending machine.

interface resembles the interface of a traditional candy machine in the sense
that it mainly consists of coded buttons.
The Romantic Interaction
The Romantic machine physically presents the candy to the buyer,
which allows this person to indulge in the sweet aromas and feel the lust
for candy. Candy is selected by taking it from one of the presentation plates
(Figure 2.10 a) and dropping it on a horizontal tray (b). When the buyer is
satisfied with his selection of candy, he drops his money onto the money tray
(c). Just after the machine sweeps the money in its container, the candy tray
suddenly flaps down, overwhelming the customer with candy literally falling
into his lap (d).
According to the designers, this interaction is Romantic because of the
drama and climax that characterise the interaction. Furthermore, lustful
emotions are elicited by allowing the smell of candy to seduce the person
interacting. The careless interaction with the money, just dropping the approximate amount on the tray, expresses the preference for the interaction’s
drama over rational exactness of the transaction.

a

b

c

d

a. selecting
candy physically
b. ...even smelling it
c. paying
d. receiving the
candy

Figure 2.10: The acted out interaction with the ‘Romantic’ vending machine.
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Figure 2.11: The
‘Nietzschian’
(left) and
‘Confucianist’
(right) vending
machine.

2.5.3 Candy vending machines - Nietzsche vs. Confucianism
Figure 2.11 shows the two vending machines from the Master class.
These prototypes are more advanced than the previously treated vending
machines. The Master class was forty hours long instead of the workshop’s
eight hours, and it offered more time for design and prototyping. The Master class designs were developed into prototypes that function stand-alone
(without help of Wizard of Oz techniques).
The Confucianist interaction
The Confucianist machine consists of a platform that balances on a rotating axis in the middle, and two slopes with wooden pins and two pieces
of round candy. The candy balls are initially positioned on the slopes, where
the pins prevent them from falling on the platform. The goal is to get the
balls on the platform, without disturbing its balance. This requires taking the
pins in pairs, and placing them on the platform. In Figure 2.11 the first two
pins are moved from the slopes to the platform. The pins fit in holes on the
platform. The holes on the platform are laid out in two circles. Two circles of
pins have emerged when all pins are in place on the platform. These circles
of pins make sure the balls do not fall off the platform, once they are released
from the slopes. The tricky thing is that the last two pins should be released
simultaneously, so that both candy balls fall on the platform at the same moment, keeping the platform in equilibrium. When the balls are on the platform, a reverse interaction is required to be able to grab the balls: The pins
make it impossible to grab the balls directly. The pins are placed back on the
slopes pairwise, still ensuring the platform’s balance is maintained (Figure
2.12). When all pins are put back on the slopes, the candy balls are finally free
to take.
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Figure 2.12: After placing all the pins on
the delicately balanced platform, and
after the candy balls fall in the circles of
pins, the pins need to be carefully taken
out again to reach the candy balls.

The designers explain that the link with Confucianism is in the notion
of balance and ritual practice. The machine asks for an interaction, literally
based on the idea of maintaining balance. The delicacy of maintaining this
balance requires skills that need to be developed through patience and
practice.
The Nietzschian interaction
The Nietzschian vending machine (Figure 2.13) intends to make a person feel small and intimidated at first, but through interaction allow him
to overcome his own self and the machine. The machine features a lighted
black box, placed five meters high, holding a candy bar. A long black tube
connects it to a nozzle, at two meters above ground level. Beneath the nozzle
is an elevated platform of about 50 centimetres. The machine is situated in
the crowded public main hall of the university, attached to a large concrete
column. A person first needs to climb the elevated platform. This makes him
extra visible to the public. Then he needs to shout in the nozzle to open a
glass lid in the bottom of the black box with the candy bar. The opening angle of the lid is coupled to the loudness and duration of the shouts. A person
needs to shout on top of his lungs for a while to open the lid sufficiently for
Figure 2.13: The Nietzschian vending machine in action.
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the candy to fall down. The fact that this interaction takes place in public
adds pressure to the interaction: Shouting becomes really conquering inhibitions.
The designers feel that overcoming one’s own inhibitions and afterwards
succeeding in reaching the goal is good (and beautiful according to to kalon)
in Nietzschian terms. The initial pressure and eventual admiration from the
audience add to the glory of the interaction.

2.6 Reflection on results
2.6.1 Evaluation of results in terms of to kalon
The designs of the workshop were evaluated with the help of philosopher Jan Vorstenbosch. Inspection of the designs indicated that the designs
in the workshop indeed offered the same primary functionality, while inviting different interactions. Both lines killed and processed cattle, but did it in
a different way. All four machines vended candy, but did it in totally different
ways. The question was whether these designs elicited to kalon in interaction.
The demonstrated interactions with the cattle destruction lines, and the
Kantian candy vending machines indeed globally reflected their targeted
ethical system. Interpretations of the ethical systems remained superficial,
which was understandable with the superficial introductions available, but
these interpretations were well incorporated in the designs.
The full control and the heroism in the Nietzschian line interactions were
of a dramatic kind of beauty that fitted Nietzsche’s ethical system. The ritual
and skilful actions required by the Confucianist line were in line with the intended philosophy as well. The Kantian machine, with its emphasis on the
abstract constituents of candy, asked for a rationalistic approach to buying
candy. The Romantic vending machine was a bit off target. The interaction it
elicited was more hedonistic and sensuous than Romantic. A Romantic device would involve ‘higher’ emotions like nostalgia or hope, while this device
evoked more ‘earthy’ craving, like the lust for candy evoked by the presentation plates filled with candy. But there were elements in the design that are
arguably Romantic. The freedom of selecting candy in one’s own spontane-
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ous way resonated with Romantic value of individual freedom. The climax of
releasing the candy, which gave this machine’s interaction a dynamic character, was directly related to the Romantic love for dynamics and drama.
Expert review of Master class designs through interaction
The Master student class candy vending machines (Nietzsche and Confucianism) function at an experiential level. I evaluated them through actual
interaction, without instructions how the machines work and what ethical
system is targeted. I was not a ‘naïve user’, since I co-authored the workshop.
So what I experienced was coloured by expectation. But at that time, I saw
the designs for the first time. Interacting with the Confucianist machine was
as delicate as it was intended to be. It was in fact too hard for me to complete.
It would take more practice. The balance aspect was implemented very literally, but the meticulous and lengthy interaction was in line with the idea
of developing skill through careful ritual practice. So although I could not
complete the interaction, I saw why this would be beautiful in a Confucianist
sense. I experienced the Nietzschian machine interaction quite as the designers intended it to be. It truly required me to overcome my hesitation to
shout in public. Interacting with the Nietzschian machine was an exhilarating experience.

2.6.2 A thought experiment
Having this set of designs allows for reflection beyond the original assignment. What would it mean if different people would interact with these
products? Would these products appeal differently to people who hold different ethical beliefs? We try to answer these questions by means of a thought
experiment, in which fictional people, adhering to different ethical systems,
interact with the different products.
Evaluating interactions from the outside
Let us first explore both cattle destruction lines through the eyes of a
Nietzschian and a Confucianist person. A Nietzschian person would probably love being in full control, opposing his will, like the Nietzschian line allows him to be. The killing by hand, which the Nietzschian line requires, is a
direct and dramatic way of opposing his will on lower creatures. The public
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that is in awe of this hero adds to the Nietzschian beauty of the experience.
A Confucianist would probably find this interaction ugly, mostly for the same
reasons: The relentlessness of the butcher, the lack of care for the slaughtered pigs that are just discarded and the vanity all go against the Confucianist sense of beauty and rightness. The Confucianist line positions the person
as a part of a process and in harmony with the dynamics of this process. The
ritual practice of noosing the pigs, for which a person can develop skills, is
appealing. For the Confucianist, the respectful handling of the pigs after the
kill is in line with Confucianist principles. So probably, a Confucianist would
find this line more beautiful. The Nietzschian person would probably not accept his humble role in the Confucianist line, which most likely spoils the
chance of him experiencing any beauty in interaction.
The Nietzschian and the Confucianist would probably find the same characteristics of interaction appealing or repulsive in the candy vending machines. It is hard to imagine a Nietzschian person preferring the careful and
patient interaction with the sticks to the dramatic and victorious interaction
with the black machine. A Romantic person, valuing freedom and drama,
would find the strict, phased and passionless interaction the Kantian machine imposes not appealing. Likewise, a strict rationalistic person might find
the lustful grabbing of candy, which the Romantic machine invites, appalling
and the intentional elicitation of lust morally wrong. The dramatic finale of
the ‘candyshower’ would be deemed unnecessary, unhandy and grotesque. A
pure rationalist likely prefers the rational mediation of the Kantian machine,
with its clarity and abstractions, while a Romantic person would prefer the
free and dramatic mediation of the Romantic machine.
Interaction involving contrasting ethics
The previous reflection is about a person with an ethical system evaluating an interaction from the outside. What would happen if a product would
invite a person with a specific ethical system to interact according to a contrasting ethical system, for example, if a vending machine asks a Nietzschian
to interact beautifully in a Confucianist way? Would a Nietzschian person really have the patience to go through the meticulous Confucianist candy vendor interaction? Would a Kantian person really start smelling the candy and,
driven by lust for sweetness, throw handful after handful of candy on the
machine’s tray? Maybe a product needs to invite people with different ethics
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in a different way if the goal is to elicit to kalon in interaction.
There is also the ‘dry’ functionality of the products. A valid question is
whether buying candy would not inherently appeal more to a Romantic than
to a Kantian person. Maybe the Kantian person will not even begin interacting with a candy vending machine. Likewise, maybe the killing of pigs is
something inherently more acceptable for a person adhering to one ethical
system then for a person adhering to another. The conclusion is that when a
designer wants to elicit to kalon in interaction, he needs to take the ethics of
the people interacting into account.
Contextual factors
But even a Romantic person does not necessarily have to experience
beauty in the dramatic Romantic candy vendor interaction. Suppose he is
in a hurry, or has already bought candy from this machine ten times. These
contextual factors would probably diminish his experience of beauty. So
context of interaction seems a factor influencing whether beauty emerges
in interaction or not.
However, the influence of what a device invites on how a person acts
seems present in any case. I experienced it myself with the Nietzschian vending machine: It made me behave in public in a way that I would not normally
do. Maybe someone else would be more or less hesitant. How the mutual
influence between a person’s ethics, his context and the ethics incorporated
in the design for interaction works, is a matter for further research.

2.7 Insights from the workshop

W

hat does the workshop teach about ethics and aesthetics in intelligent
products and systems design? Design for to kalon in this workshop is
not the same as designing intelligent products and systems that socially
transform people’s lives. The workshop does not feature the highly integrated, intelligent products and systems envisioned in the introduction. The
products designed here are not adaptive, embedded in the environment,
context-aware, personalized or pro-active. The workshop’s designs are more
akin to present day interactive products. But the designs in the workshop
can still teach us about incorporating ethics and aesthetics in intelligent
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products and systems. The workshop demonstrates how designing for to
kalon results in designs that influence people on the level of behaviour, even
when functionality remains similar. This elicited behaviour is not just physically different, but also has a social significance. In this case, it reflects ethical
systems. I summarise the insights from the workshop into three points:

1. Explicitly designing for social transformation of behaviour seems possible
The introduction chapter mentioned how the technologies we interact with
socially transform us. It turned out that it is possible to explicitly design for
a specific social transformation. The workshop delivered several examples
of products that have the power to transform people on the level of behaviour. One vending machine elicited totally different behaviours than another.
The elicited behaviours were not random, nor were they merely mechanical
or meaningless: They were socially relevant. The shouting in public in the
Nietzschian interaction had a social impact. The patient interaction of the
Confucianist vendor presented a change from the social norm of fast and
efficient transactions.

2. Ethics serves as criterion and inspiration, and is context-dependent
Ethics played several roles in the workshop. These roles are likely to occur
in design of highly integrated, and thus socially transformational, intelligent
products and systems as well. Firstly, ethics serves as criterion for design.
If we know that an intelligent product or system will have social influence,
we need a criterion to determine what a desirable influence is. Ethics gives
such a criterion. This criterion goes beyond functionality: All the candy vending machines in the workshop sell candy, but the behaviours they elicit are
different in ethical terms. Secondly, ethics inspires design. In the workshop,
ethical systems were the principle inputs for the design process. These ethical systems guided the aesthetic development of the designs. The resulting
designs are expressive and innovative, which indicates that ethics can serve
as a strong inspiration in design. Thirdly, incorporating ethics requires taking
person and context dependent factors into account. A designer might find
it desirable, or good, to elicit certain behaviours, the people at the receiving
end might disagree. And what a person considers good in one context could
be considered unacceptable by this same person in another context. This
person and context dependent character seems inherent to ethics in design
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of socially transformational products and systems.

3. Aesthetics is a means to incorporate ethics in design
The workshop’s extreme stance on the inextricable link between the good
and the beautiful entails that one needs the other to thrive. Without beauty
there is no goodness and without goodness there is no beauty. Whether
this is truly the case, I leave to the philosophers. What the workshop demonstrates, though, is that this way of thinking is powerful for incorporating
ethics in design of products.
The designers in the workshop tried to elicit ethically good behaviours,
through aiming for interactions with specific aesthetics. They translated
ethical beliefs, for example Confucianism, into aesthetic expressions (in the
workshop the Choreographies of Interaction). Art was used as inspiration for
this step. The Choreographies formed the basis of the designs: These designs
were intended to elicit interactions with similar aesthetics. The resulting interactions were good according to the targeted ethical system. Schematically
this process looks like this:

good behaviours

a design that elicits

The Good
to kalon

with similar aesthetics

a design that elicits interaction

Beauty
translated into

aesthetic expression

(Choreography of Interaction)

Beauty
translated into

ethical system

The Good

The workshop demonstrates the power of aesthetics as a means for incorporating ethics in design.
Next steps
This workshop identified issues that are relevant to incorporating ethics
and aesthetics in design of socially transformational products and systems.
The next chapter connects these insights to theory, to check and ground
them. This literature review subsequently helps sharpen this thesis’ problem

workshop ethics and aesthetics in interaction

29

30
definition and formulate research questions.
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T

he point of departure of this thesis is that intelligent products and systems, integrated in the lives of people, transform these people socially.
The focus in the current thesis is on the question how to incorporate ethics
and aesthetics in design of such products and systems. The workshop Ethics
and Aesthetics in Interaction explored this area. It indicated that explicitly
designing for social transformation of behaviour is possible, and it produced
first insights about how ethics and aesthetics could play a role in such design. But what exactly is social transformation through intelligent products
and systems? What is already known about the ethics and aesthetics of their
design? How could this research build on related research projects? This
chapter presents a selection of relevant studies that connect to the insights
from the workshop. This literature indicates what the state-of-the-art is, and
it helps sharpen the current research project’s problem definition.
This chapter is structured as follows:
• Introduction of the technological context (section 3.1)
• Social transformation and design (section 3.2)
• Ethics in design for social transformation (section 3.3)
• Aesthetics in design for social transformation (section 3.4)
This survey of theory leads up to a problem definition (section 3.5). The chapter continues with this thesis’ four research questions (section 3.6). It ends
with a short overview of the chapters describing the research pertaining to
these questions (section 3.7).

3.1 (Ambient) Intelligent products and systems

T

echnological developments have a profound influence on design. Technology is an enabling and inspiring factor. The past decades are marked
by rapid miniaturisation of electronic components, such as sensors, actuators, memory, wireless transmitters and receivers, batteries. Concurrently,
the performance of these components continuously improves. Computing
power becomes stronger, cheaper and physically smaller. Research institutes
from academics and industry have formulated visions based on these developments on the future role of technology in life. Influential visions are Ubiquitous Computing (Weiser, 1991), Pervasive Computing (Hansmann, Merk,
Nicklous & Stober, 2003) and Ambient Intelligence (Aarts & Marzano, 2003).
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These visions are a potent drive in current (consumer) electronics industry,
and significant R&D budgets are allocated to implement them. Much of the
required technologies are already available and the first products and systems inspired by these visions have entered the market (Aarts, 2005).
Ambient Intelligence has a strong focus on technology integrated in
everyday, personal life. Therefore, this thesis uses the framework of Ambient
Intelligence to give a specification of what intelligent products and systems
could be. Ambient Intelligent products and systems have the following key
characteristics (Aarts & Marzano, 2003, p. 14):
• Embedded: devices are networked and integrated into the environment.
• Context-aware: devices are able to recognise people and their situational
context.
• Personalised: devices have the possibility to be tailored to personal
needs.
• Adaptive: devices are able to adapt their behaviour in reaction to changes in a person’s behaviour over time.
• Anticipatory: devices have the ability to anticipate a person’s wishes.
Aarts and Marzano’s ambition is to enable ‘natural and social interaction’ with
Ambient Intelligent products and systems (Aarts & Marzano, 2003, p. 16).
I do not engage in the discussion whether all of the five characteristics
mentioned here are needed to call a product or system intelligent. What is
relevant for the current thesis is that these intelligent products and systems
are highly integrated into everyday personal life, and that they take on a new
role, namely, that of a behaving entity. I argue that these highly integrated,
intelligent products and systems will have a profound influence on everyday
life. The next section elaborates on this social transformation through intelligent products and systems.

3.2 Social transformation and design

E

veryday life shows countless examples of social transformation, elicited
by products. Chapter 1 already mentioned the mobile phone as an example. Social science has studied and acknowledged such transformations.
Ling (2004) for example studied how the mobile phone transformed daily life
socially. The workshop showed how explicitly designing for a social transformation seems possible. But how do these transformations work? Is there an
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underlying structure? And what design research projects already address this
subject? Section 3.2.1 treats the theory of Technological Mediation, as described by philosopher of technology Dr. Peter-Paul Verbeek. His framework
reveals the underlying structure of the influence products have on social life,
and introduces useful concepts for the current research. Section 3.2.2 continues with a number of related design concepts and frameworks described in
literature. Section 3.2.3 summarises the findings up to that point.

3.2.1 Technological Mediation
Peter-Paul Verbeek’s theoretical framework describes how products socially transform people. This theory of ‘Technological Mediation’ builds on
the work of Don Ihde, Bruno Latour and Albert Borgmann (Verbeek, 2005).
A central idea in the theory of Technological Mediation is that technological devices coshape people as actors in the world. This coshaping is called
the ‘mediating role of technological devices in the human-world relationship’. Through this mediation, the transformations occur. Verbeek discerns
two levels of transformation: The level of experience and the level of behaviour. When a person interacts with a product, this interaction influences the
way he experiences his world and behaves in the world. Both these levels of
transformation have specific structures.
Transformation of experience
Transformation of experience has a structure of amplification and reduction, which are concepts derived from Ihde’s philosophical work (Verbeek,
2006). This means that when a person interacts with a device, this interaction causes some aspects of reality to be amplified in the experience of the
person interacting, while at the same time the experience of other aspects
of reality are reduced. A microscope for example amplifies our experience of
things too small to discern with the naked eye. At the same time, it reduces
our experience of our physical context, since it focuses our attention on a
very small, clearly demarcated area. A mp3 player amplifies the experience
of music. It feeds the audio signal directly into the ears, creating an immersive effect. At the same time, it reduces the experience of the sounds in the
environment, since these sounds are blocked or overpowered by the mp3
player audio feed.
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Figure 3.1: A music player
transforms experience and behaviour in use. It even changes
the way people in the vicinity
act: The listener looks unapproachable, so people tend not
to engage in social interaction.

Transformation of behaviour
Transformation of behaviour has a structure of invitation and inhibition
(Verbeek uses the phrase translation of behaviour. I use transformation of
behaviour here to stay consistent with the terminology I introduced earlier).
Verbeek bases this part of his framework on the work of Bruno Latour (Verbeek, 2006) who describes how ‘scripts’ for action are inscribed into devices.
Compare the speed bump that holds the script ‘slow down’. These scripts
promote certain behaviours, and inhibit others. This transformation of behaviour can happen in two ways: Through the sign character of an object or
through ‘materiality’ of an object. A traffic sign transforms behaviour through
its character as sign. A speed bump exerts its influence in a non-lingual way,
through the way it is present to people physically. This latter way is transformation of behaviour through materiality.
The mp3 player also provides an example for transformation of behaviour. It invites people using it to concentrate on their own work, for example
in a busy train. At the same time, it inhibits social interaction with people in
close proximity, resulting in less social interaction in public spaces. The mp3
player even influences behaviour of nearby people. They are less inclined to
seek interaction with the listener as well, because he looks unapproachable
(Figure 3.1).
Multistability
In what way both transformations (of experience and behaviour) actually occur is not exclusively determined by a device’s properties. They partly
depend on the people engaged in interaction and the context of interaction. Just as products coshape people, people also coshape products. Don
Ihde mentions that the telephone was originally intended as a hearing aid
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(Verbeek, 2006). Only since it is ‘interpreted’ as the communication device it
is today, it transforms our actions and experiences the way it does now. Ihde
coins the term multistability to describe the possibility for artefacts to have
different identities in different use contexts. So the transformations that occur in interaction with devices depend both on properties of the device, and
the people interacting.
Summary
Table 3.1 places the terms introduced in this short treatment of Technological Mediation in a scheme:
Table 3.1: Technological Mediation concepts

People coshaping products
(Multistability)

Products coshaping people
Behaviour

Experience

Invitation/Inhibition

Amplification/Reduction

Through Materiality/
Sign Character

Technological mediation in this thesis
Verbeek’s Technological Mediation serves as the philosophical point of
departure of this thesis: It formulates the idea that products socially transform people. It defines the phenomenon of social transformation by intelligent products and systems, mentioned in the introductory chapter. I equate
it to the transformation of behaviour and experience that happens through
Technological Mediation. Furthermore, Verbeek’s framework provides a
family of concepts, related to this phenomenon that is useful to the current
research. Incorporating Technological Mediation in design means that the
social influence of the product or system needs to be taken into account. Design then requires considering what social behaviours are invited/inhibited
and what experiences are amplified/reduced. So designing highly integrated
(thus profoundly socially transformational) intelligent products and systems
requires a vision on what a desired transformation is. This creates a natural
link to ethics. More on this ethical dimension is found in section 3.2.
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One could view social transformation on different scales, ranging from a
person’s single behaviours and experiences, to transformation of entire societies. This thesis mainly works on a micro-level. It explores ethics and aesthetics in design of products and systems that transform specific behaviours
and experiences. This micro-level might seem far removed from transformation of people’s entire lives or societal transformation, but these levels mutually influence each other. See for example McLuhan’s theory on the way
technology affects personality, and how personality in turn affects social
organisation (Katz & Katz, 1998). Products and systems exert their inherent
influence directly at the micro-level and it is likely that (many) of these microlevel changes affect the macro-level.

3.2.2 Related frameworks in design research
To incorporate social transformation in design is not a self-evident approach. It differs from most existing approaches and trends in design. The
remainder of this section explores how related design frameworks and concepts, like for example Semantics and Experience Design, fit in or contrast
with the current thesis’ design philosophy.
Design for social transformation and functionality
How does design for social transformation relate to designing for a specific function? We can use Verbeek’s theory of Technological Mediation as a
means to clarify the difference.
Verbeek compares his theory with that of Muller (Verbeek, 2005, p.
204-207 & Mulller, 1997). Muller discerns a product’s primary function and
secondary function. The primary function relates to a product’s capacity to
make a change in a user’s material environment. The secondary function
relates to a product’s socio-cultural utility. In this view, products could be
regarded as signs, communicating a certain socio-cultural message, referring
to something like for example a lifestyle. A mobile phone’s primary function
would be establishing an audio link to another mobile phone. Its secondary function would be to communicate that the owner is fashionable and
belongs to a certain subculture. Verbeek observes that the ‘products as signs’
perspective is enormously popular in contemporary Industrial Design. Sometimes, functionality is even stated in terms of signs: This product will make
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you look cool to your friends. The fact that products increasingly become
fashion items can be related to this trend. Verbeek argues that when we take
the mediating role of products into account, we see that primary and secondary function give a too limited scope for design. A product’s influence
on people’s actions and experiences cannot be reduced to a combination of
primary (material) and secondary (socio-cultural) functionality. Products do
more than function. They coshape behaviours and experiences of people. A
mobile phone creates an audio connection and it can look cool. But besides
this, it transforms people’s social behaviours. So when we aim to design for
social transformation, primary and secondary functionality are too narrow
input for design.
In the current research, the focus is on highly integrated intelligent products and systems. The role that these products and systems will play in everyday life will go beyond a change in the material surroundings, or communicating sign value. They will make a socially significant change in the life
of people. To be able to fulfil the full potential of intelligent products and
systems, this transformational role needs to be incorporated in the scope of
their design brief. The term functionality therefore needs to be broadened,
to include an intended social transformation. The functionality of a mobile
phone would be described for example in terms of the way it could offer
a new social relation between physically separated people. Imagining what
kind of new social relation to strive for requires a vision about a new and
better social relation. This design scope, which goes beyond ‘a device that
creates an audio link (primary function) and looks cool (secondary function)’,
is more prone to innovative designs with social significance.
Materiality and sign character: The semantic and direct design approach

As mentioned earlier, products have the ability to transform behaviour
and experience in two ways, i.e., through their character as sign and through
their materiality. Verbeek illustrates this difference with the difference between the way a traffic sign and a speed bump transform driving behaviour
(Verbeek, 2005, p. 207-209). One refers to a certain speed limit that should
be maintained, the other physically compels people to slow down in case of
speeding. The way a designer conceptualises the transformation has consequences for the outcome of the design process. Will a product or system rely
primarily on signs to transform behaviour and experience or on materiality?
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Djajadiningrat et al. introduce a corresponding distinction that applies
specifically to design of interactive products (Djajadiningrat, Wensveen,
Frens & Overbeeke, 2004). They identify a semantic approach and a direct approach to creating meaning in design. The semantic approach relies on the
basic idea that we use our knowledge and experience to interpret signs of
products. Products use metaphors in which the functionality and expression
of the new product is compared to an existing concept or product that the
user is familiar with. Djajadiningrat et al. mention icons and labels on interactive products as example for this approach. But it can also have a richer and
more physical form (e.g., Feijs & Meinel, 2005; Ross et al., 2008). This semantic approach corresponds to the ‘products as signs’-type mediation. For example, traffic signs use icons and symbols to refer to traffic regulations, and
lifestyle products use form aesthetics to refer to a lifestyle. These semantics
based products influence behaviour and experiences. For example, Feijs and
Meinel (2005) describe products that communicate meaning that relates to
sustainability. This raises awareness of the issue that can lead to change of
behaviour.
The direct approach is action based: Meaning is created in action. Designing from the direct approach is designing ‘action possibilities that invite a particular, meaning-carrying action’ (Djajadiningrat et al., 2004). The
concept ‘affordance’ is a key element in the direct approach. In the words of
Michaels and Carello: ‘Affordances are the acts or behaviours permitted by
objects, places, and events… As examples, chairs, benches and stools afford
sitting on; an object with a handle affords grasping to animals with hands;
a cliff affords avoidance; a bottle affords “drinking from”, and, alternatively,
throwing… [T]he theory of affordances claims that perceptions are written
in the language of actions (seeing that something may be eaten, lifted or sat
upon)’ (Michaels & Carello, 1981, p. 42). Which affordances a person detects
depends on this his ‘effectivities’. That is what a person can do in that particular situation. A steep hill might afford running to a fit 20-year-old, but not to
an 80-year-old or a tired 20-year-old person. Products afford actions in a direct way through their physical presence. This is the parallel with mediation
through materiality. The transformations of behaviour and experience occur
through the way the product presents itself physically to a person, in a nonlingual way. Tangible interaction research (Ishii & Ullmer, 1997) investigates
how to use materiality to create meaningful links between physical actions
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and digital functionality. But Overbeeke and Wensveen (2003) go further.
They argue that designing from the direct approach is not only about tuning into people’s effectivities. It is also about tempting people to (inter)act:
‘[People] can also be attracted to act, even irresistibly so, by the expectation
of beauty in interaction’. In terms of social transformation, Overbeeke and
Wensveen advocate using aesthetics as a means to invite behaviour.
Both the semantic and the direct approach have merit in design of intelligent products and systems for social transformation. They both have the
power to result in products and systems that transform behaviour. The advantage of the semantic approach is that it gives design access to the flexibility of language. The advantage of the direct approach is that it has a direct
link to behaviour in interaction. Such design is directed at creating physical
action possibilities that result in meaningful behaviours. The direct approach
is akin to the design process used in the workshop Ethics and Aesthetics in
Interaction. The design Choreography of Interaction process in the workshop
was action oriented. The promising results from the workshop are reason to
take the direct approach as starting point for design in the current thesis.
Transformation of experience: Frameworks
The experience-oriented frameworks and approaches reside in this category. Examples are Forlizzi and Battarbee’s framework for Designing Product
Experience (Forlizzi & Battarbee, 2004), Designing Emotion (Desmet, 2002),
Funology (Blythe, Overbeeke, Monk & Wright, 2003) and Emotional Design
(Norman, 2002). These frameworks have identified the need to move away
from designing for just usability towards offering worthwhile experiences,
and this way of thinking is embraced by business (Pine & Gilmore, 1999). Emphasis remains on experience, though. The behaviour side of transformation
is underexposed compared to the experience side.
Transforming behaviour through transforming experience: Critical Design

Hertzian Tales by Dunne (Dunne, 1999) is related to design for social
transformation in the sense that it has a social purpose. Dunne presents a
number of designs that uncloak effects of our everyday technologies that
normally remain invisible. His Pillow, one of the designs, responds to radiation caused by everyday electronic devices, like mobile phones, walkie-talkies and baby monitoring devices (Figure 3.2). It transforms these signals into
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Figure 3.2: Tony Dunne’s Pillow responds to radiation from electronic devices with dynamic
light patterns.

dynamic, ‘dreamy slow, even hypnotic’ visual patterns of light. In terms of
mediation, his work offers stark amplifications of aspects of reality that normally remain unseen. This ‘high contrast’ with everyday experience makes
people think and possibly reinterpret reality, which might indirectly alter
their behaviour. The Pillow poses questions about the increasing radio wave
‘pollution’ by everyday products, and about privacy issues that emerge when
one person picks up and interprets signals of others. Dunne advocates ‘an
aesthetics of use’ that should have social implications: ‘An aesthetics which,
through the interactivity made possible by computing, seeks a developing
and more nuanced co-operation with the object - a co-operation which, it
is hoped, might enhance social contact and everyday experience.’ (Dunne,
1999, p. 6 foreword of Crampton Smith)
Dunne opts for an approach that indirectly addresses transformation
of behaviour. He aims to ‘seduce people into a world of ideas’, which could
in turn change the way people behave. This approach differs from the one
followed in the current thesis in two ways. Firstly, the current research focuses on transformation of behaviour directly at the material level (direct approach). Secondly, it tries to find how to design for a specific, desired social
transformation. Dunne’s work is more open ended, although his critique is of
course directed at a status quo that he would like to see changed.
Products coshaping people: Persuasive Computing
B. J. Fogg’s Persuasive Computing (Fogg, 2003) is directly aimed at social
transformation. Fogg defines persuasive technology as ‘any interactive computing system designed to change people’s attitudes or behaviors’ (Fogg,
2003, p. 1). The work describes examples as diverse as physical and mental
health coaching, commercial advertising, gaming and education. Persuasion
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by technology happens at a macro-level, for example software persuading
someone to quit smoking, and at micro-level, for example software persuading people to register as one step in a larger process. This macro-level is most
closely related to social transformation. Fogg treats techniques for persuasion, like persuading through praise and social comparison (e.g. software
showing how your peers do on a task to motivate you to keep up). The body
of research described in (Fogg, 2003) focuses mainly on Human – Computer
Interaction. As a consequence, Persuasive Computing is explored mainly in
the confines of the computer screen. This thesis, with its roots in Industrial
Design, is interested in intelligent products and systems that have a more
elaborate physical dimension. The work only briefly touches upon the role
aesthetics could play in persuasion, but does not elaborate on this topic.
Fogg advises how to deal with ethical issues in persuasion, which is relevant for this thesis as well. This aspect of Persuasive Computing is treated in
section 3.3 about ethics of design for social transformation.
People coshaping products: Embodied Interaction
Both Verbeek’s framework and the workshop Ethics and Aesthetics in
Interaction point out that design for social transformation requires taking
the people involved in interaction into account. Different people in different circumstances will behave differently in interaction and experience and
evaluate these interactions differently. Paul Dourish points out (Dourish,
2001) that interactions with technology are coshaped by their social context.
In his framework Embodied Interaction, Dourish explains how meaning is
created through an engaged interaction with artefacts. These interactions
are socially situated. Social meaning of an interaction cannot be fully understood apart from this social context. Putting a telephone on speakers, for
example, has different social implications in the privacy of the home than in
a formal work situation. It also matters who does it, what kind of person this
is, and to whom it is done. Understanding the way somebody behaves with
their mobile phone is impossible by viewing only the actions on the phone
itself. The social context needs to be taken into account. And how a device
will transform social reality cannot be fully determined by the designer, since
social meaning emerges only in actual interaction, with actual people in an
actual social context (Dourish, p. 171). So designing for social transformation requires knowledge about what will be transformed. The influence of
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the social context on the actual social transformation needs to be taken into
account.

3.2.3 Summary
Technological Mediation is a philosophical point of departure of this thesis. It states that intelligent products and systems always bring about social
transformation when they are introduced in people’s lives. The current thesis
argues that this socially transformational role needs to be incorporated in
design. Technological Mediation reveals a structure of this transformation
and gives useful concepts to work with in this thesis. It helps define what
designing for social transformation is, namely designing for invitation/inhibition of specific social behaviours and amplification/reduction of specific experiences. Comparing design for social transformation with existing frameworks for design shows that the term functionality needs to be broadened
beyond primary and secondary functionality. The existing frameworks for interaction design tend to focus on the experience aspects of interaction, and
underexpose the influence on behaviour. Djajadiningrat et al. (2004) make
a distinction between a semantic design approach (products as signs) and
a direct design approach (action and materiality based). Both approaches
are useful for design for social transformation. The current thesis departs
from a direct/materiality approach. Embodied Interaction teaches why and
how social contexts are relevant; how social context influences the degree
to which targeted transformations will actually occur. The Hertzian Tales and
Persuasive Computing projects show alternative approaches to explicitly
achieve social transformation, but both leave issues open that need to be
addressed in this research. Hertzian Tales is not about targeting a specific
social transformation, and Persuasive Computing does not explore aesthetics and physicality.

3.3 Ethics in design for social transformation

S

pecial focus in this thesis is on the ethical dimension of design for social
transformation. The workshop already provided an initial exploration of
this ethical dimension. Ethics served as a design criterion and it inspired de-
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sign. It furthermore revealed some of the issues that come into play when
people disagree ethically with what a product tries to invite. This section
continues the exploration of the ethical dimension of designing for social
transformation through literature. It treats how ethics is inextricably linked
with Technological Mediation (section 3.3.1). Section 3.3.2 and 3.3.3 connect related work in human computer interaction and design research to the
current research. A treatment of two different ways to transform behaviour,
coercion and invitation, follows in section 3.3.4. The section concludes with
the theory of human values, which is a framework that helps understand,
measure, and design for different ethical beliefs of people.

3.3.1 The ethical dimension of Technological Mediation
Ethics concerns the question of what a good life is, and the question how
to act in a specific situation. Devices that by their very nature invite or inhibit
certain actions, and promote certain experiences, give ‘material answers’ to
these questions (Verbeek, 2006). Traditionally, ethics is seen as an exclusively
human concept, not applicable to objects. Verbeek disagrees: ‘Moral action is
a practice in which humans and nonhumans are intricately connected, generate moral questions, and help answer them’ (Verbeek, 2008a). (Note: Verbeek uses the term ‘moral’ where I use ‘ethical’. The words are often used as
if they are interchangeable. However, some sources describe the difference
between ethics and morals as the difference between theory and practice.
Ethics is the study of morals, morals relate to specific persons and situations
(Audi, 2001, p. 284). I do not make this distinction in this thesis and refer to
both meanings with ‘ethics’.) Verbeek does not argue that objects have their
own will, and that they use this will to make ethical decisions. They have an
effect, through the experiences and actions they elicit, which has influence
Figure 3.3: Ultrasound scanning of an
unborn child presents this child to future
parents in terms of healthy or unhealthy.
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on our life. Put in another way, products participate in our ‘moral community’ (Verbeek, 2008a). They mediate ethical deliberations of people and also
confront people with ethical questions. Verbeek (2008b) gives the example
of ultrasound scanning of an unborn child (Figure 3.3). These scans present
an unborn child to future parents in terms of healthy or unhealthy, amplifying that specific aspect of the unborn child in the experience of the parents.
This confronts the future parents with the ethical question of abortion when
there is an indication of serious disease. Even when the technology is not directly used, it confronts future parents with the ethical question if they want
to use it or choose not to.
The need to incorporate ethics in design
The inherent moral influence of the products we design asks for an explicit incorporation into the design process. Especially in the case of highly
integrated intelligent products and systems, with their direct and profound
influence on social life, the ethical implications of their design need to be
considered. Acknowledging this dimension of design means it becomes
possible to reconsider values, that otherwise covertly sneak into design, and
to prevent de-humanizing effects, like the entry form example of chapter 1.
Anthony Dunne (1999) sharply identifies and illustrates implicit values in design, and their effect on behaviour in interactive products: ‘… [W]hile using
electronic objects the use is constrained by the simple generalized model
of a user these objects are designed around: The more time we spend using
them the more time we spend as a caricature. We unwittingly adopt roles
created by the Human Factors specialists of large corporations. For instance,
camcorders have many built-in features that encourage generic usage; a
warning light flashes whenever there is a risk of ‘spoiling’ a picture, as if to
remind the user that they are about to become creative and should immediately return to the norm’ (Dunne, 1999, p. 30).
Dunne’s example shows that design as ‘ethics by other means’ (Verbeek,
2005, p. 212) does not exclusively refer to ‘big’ moral questions like those that
play in cases of euthanasia or abortion. The ‘ethics by other means’ mainly
has an everyday character that is subtle, but nonetheless influential. It often
remains implicit in the design process, but that does not mean the eventual
effects on people do not exist. Not dealing with it in design does not nullify
the effect. As described earlier, an ever-greater part of life in society is me-
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diated by technology, with simultaneously, an ever-diminishing immediacy
in life. Trying to explicitly deal with the ethical dimension of mediation in
design opens up new possibilities to contribute to people’s quality of life, a
phrase that often remains shallow and hollow. It is also a responsibility for
design to consider possible influences the designs that ‘weave into the fabric
of everyday life’ have on life.

3.3.2 An approach from computer science:Value-Sensitive Design
The need to incorporate ethics in design is acknowledged in Batya Friedman’s work on Value-Sensitive Design (Friedman, 1997), focusing on computer systems. Friedman argues that values need to become part of the
culture of computer science, meaning that values should be incorporated
as a design consideration, next to more common ones like usability and reliability. Friedman’s concept of values ‘refers to prescriptive judgements which
people justify based on considerations of justice, fairness, rights or human
welfare’ (Friedman, 1997, p. 4). The research described in Friedman (1997) is
directed at identifying shortcomings in designs and finding remedies that
promote human well-being.
The current research has a different focus than Value-Sensitive Design.
Firstly, Value-Sensitive Design is developed for the domain of computer
systems, while this thesis works in the realm of product and system design.
Secondly, Value-Sensitive Design primarily aims to prevent or fix negative
influence of technology on people in terms of values, e.g., to make sure a
computer system does not breach people’s privacy or autonomy. The current
research aims more directly at enabling positive change, based on a vision of
a better life, through design.

3.3.3 Creating a vision on desirable social transformation
Creating a vision on what a desirable transformation would be is an ethical consideration. There are several research projects concerned with this
process, of which this section treats two: Vision in Product Design and the
seven-step program for incorporating ethics from Persuasive Computing.
Vision in Product Design (Hekkert & Van Dijk, 2001) is a design method in
which the designer starts the design process with getting rid of preconcep-

chapter 3

tions that relate the status quo and continues with envisioning a new, better
reality. This is the ‘context’ for the upcoming design. This context consists of a
collection of factors that is free for the designer to fill in, it could contain, for
example, social trends, technological trends, personal values or fascinations.
This context is then translated into a vision of the future interaction between
person and product, and this in turn is translated into a product. Hekkert and
Van Dijk emphasize the freedom and responsibility of the designer (or design team or company) to create a context (a vision) through their method.
This freedom to create a personal vision is intended to lead to designs that
‘avoid obviousness and worn paths.’
B. J. Fogg advocates creating a vision based on stakeholder analysis. Fogg
describes a seven-step plan for analyzing the ethical aspects of a persuasive
design. This seven-step program can be applied as is to design for social
transformation: Persuasive Computing is concerned with inviting specific
behaviours, just like design for social transformations. The steps are as follows:
‘Step 1: List all of the stakeholders
Step 2: List what each stakeholder has to gain
Step 3: List what each stakeholder has to lose
Step 4: Evaluate which stakeholder has the most to gain
Step 5: Evaluate which stakeholder has the most to lose
Step 6: Determine ethics by examining gains and losses in terms of values
Step 7: Acknowledge the values and assumptions you bring to your analysis’
(Fogg, 2003, pp. 234-235)
In this thesis, the actual design for social transformation is central. So
although determining what values should be incorporated in the design is a
critical step in the process, this thesis does not focus directly on how to conduct this process of stakeholder analysis or creating Vision in Product Design.
Fogg additionally indicated that education is key. Designers need to develop
a sensitivity for ethical issues of their work. The design knowledge and techniques in this research contribute to this process.

3.3.4 Coercion or mild invitation?
When a vision is formulated in terms of what kind of social transformation is desirable, there is still an ethical issue in how this transformation could
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or should be elicited with intelligent products and systems. Verbeek discerns technologies that invite behaviours by seeking interaction with people through seduction or persuasion (I call this ‘mild invitation’ to avoid the
much used term ‘interaction’), and technologies that intervene in people’s
behaviour by coercion (Verbeek, 2008a). Mild invitation leaves people with
a choice to portray other behaviours than the ones invited. As an example
of mild invitation based on seduction, Verbeek mentions products from the
Eternally Yours project (Muis, 2006). These products seduce people to treasure them for a long time through aging beautifully. The speed bump and
tourniquet are mentioned as examples of coercive products.
I would like to add that the way a product socially transforms behaviour
(through mild invitation or coercion) is not entirely inherent to the product,
but also depends on person and context factors. In some cases, seduction or
persuasion can have the same determining effect on behaviour as coercion.
Think of the effect slot machines have on gambling addicts. And a product
intended to be coercive can still be approached with some freedom. For example, a non-conformist driver can choose to use a speed bump as a ramp for
stunt driving, or use it to show off his car’s excellent suspension system. Still,
design can aim for degrees of mild invitation or coercion, and try to make it
happen by taking the (ethics of ) people and the context into account in the
design process. It is an ethical consideration, to be included in a stakeholder
analysis, whether the emphasis should be on mild invitation or coercion.

3.3.5 Operationalisation of ethics: Human values
Ethics is a complex concept that plays many roles in this thesis. In the
workshop, ethics served as design criterion and as inspiration for design.
Ethical beliefs of all stakeholders need to be taken into account, as Fogg described. The current thesis would benefit from an operationalisation of ethics, i.e., a way to describe, understand and work with the variety of people’s
ethics. The workshop Ethics and Aesthetics in Interaction uses ethical systems to describe different ethics. These ethical systems are theoretical: They
do not necessarily fully capture the complex and often non-systematic ethics
of real people. We shift from philosophy to human sciences, more specifically
social psychology, to find a more systematic framework for ethics. Social psychology uses the concept of human value as a way to describe ethical beliefs
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of people (Hebel, 1998). This thesis chooses human value theory as an operationalisation for ethical beliefs of people.
Literature offers several approaches to human values, e.g., Rokeach
(1973) and (Schwartz, 1992a). This thesis turns towards the theory of social
psychologist Shalom Schwartz (1992a), for the following reasons: Schwartz’
theory is thoroughly validated; it includes a system in which different values
are meaningfully related to each other; it includes a measuring instrument
for empirical studies; and it has been used in research related to product design (e.g., Allen & Ng, 1999). Schwartz provides a definition of human values
describing five formal features the concept incorporates:
• ‘Values are beliefs. But they are beliefs tied inextricably to emotion, not
objective, cold ideas.
• Values are a motivational construct. They refer to the desirable goals people strive to attain.
• Values transcend specific actions and situations. They are abstract goals.
The abstract nature of values distinguishes them from concepts like
norms and attitudes, which usually refer to specific actions, objects, or
situations.
• Values guide the selection or evaluation of actions, policies, people, and
events. That is, values serve as standards or criteria.
• Values are ordered by importance relative to one another. People’s values
form an ordered system of value priorities that characterize them as individuals. This hierarchical feature of values also distinguishes them from
norms and attitudes.’ (Schwartz, 2004).
Schwartz identified an extensive set of ten basic value types, recognized
cross-culturally, that differ in the motivational goal they express. These ten
value types are a priori defined. They are based on theory about the needs of
individuals to survive in societies. Schwartz describes these ten value types
as follows:
1. ‘Self-Direction. Independent thought and action; choosing, creating,
exploring.
2. Stimulation. Excitement, novelty, and challenge in life.
3. Hedonism. Pleasure and sensuous gratification for oneself.
4. Achievement. Personal success through demonstrating competence according to social standards.
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8. Tradition. Respect, commitment, and acceptance of the customs and
ideas that traditional culture or religion provide the self.
9. Benevolence. Preserving and enhancing the welfare of those with whom
one is in frequent personal contact (the ‘in-group’).
10. Universalism. Understanding, appreciation, tolerance, and protection
for the welfare of all people and for nature.’ (Schwartz, 2004)
Schwartz places these ten value types in a theoretical circumplex model.
Figure 3.4 shows a graphical representation of this circumplex model. One
can imagine that actions in pursuit of one value type may be compatible or
conflicting with other value types. For example, actions that a person does
to gain power are likely to be compatible with actions in pursuit of Achievement values. But the power-driven actions likely conflict with Benevolence
values, like Equality. Similarly, the pursuit of Self-Direction values is likely to
conflict with Conformity values. The arrangement of value types around the
circle gives information about how compatible or conflicting they are. The
closer value types are in any direction on the circle, the more compatible
they are. The bigger the distance between two values along the circle, the
more conflicting they are. So Power is most compatible with Achievement
and Security. The amount of compatibility decreases when moving further
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away from Power along the circle, to end with Universalism as the most conflicting value type. The 2D model can also be meaningfully divided in quadrants, using the orthogonal axis ‘Self-Enhancement vs. Self-Transcendence’
and ‘Openness to Change vs. Conservation’ (See Figure 3.4).
The 10 value types hold a set of 57 more specific values. For example,
the Stimulation value type consists of the values Exiting Life, Varied Life and
Daring. Schwartz conducted a study that allowed him to place the 57 values
on a 2D plane. Figure 3.5 shows all the 57 values plotted on a 2D plane, and
lines indicating to which of the ten value type the values belong. The placement of the 57 values results from empirical research in 20 countries. In this
empiric model, compatibility is represented in the distance between values
on the 2D plane (the 57 values are not organised in a circumplex model, like
the value types). Figure 3.5 shows that the closely located values Authority
and Wealth are more compatible than Authority and the value Equality. The
placement of values, indicating their mutual conflicts and compatibilities, is
considered near-universal, since this structure emerged in all countries and
target groups.
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Figure 3.5: The empirical structure of human values with 57 value items, adapted from Schwartz
(1992a). The distance between values indicates compatibility. For example, Authority is more
compatible with Wealth (both in the Power section) than with Equality (in the Universalism
section). The lines indicate to which of the 10 value types the 57 values belong.
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Schwartz developed a survey and method to measure individual people’s
value priorities and summarize them using the 10 value types. The instrument is called the Schwartz Value Survey (1992a) and consists of a list of 57
value items that can be scored on a 9-point scale. See Appendix 3.A and 3.B
for the test details.
A large body of research exists that relates people’s value priorities to certain behaviours, attitudes and personalities. Several research projects demonstrate the relevance of human value theory to product design research. For
example, Allen and Ng (1999) show how values could be related to choice for
products as varied as different sunglasses and different cars.
Value priority change
Schwartz’ theoretical work is partly based on the value theory of Rokeach
(1973). Rokeach identified a semi-stable nature of a person’s value priorities:
Value priorities change in certain circumstances, for example big societal
changes or economic factors (Rokeach, 1974). It is also possible to induce
value change experimentally. Rokeach developed a method, called Value
Self-Confrontation, in which he showed participants the value priorities of
a peer group. This peer group generally prioritised equality higher. Rokeach
pointed out differences between each participant’s values and their peers’
value priorities. This caused the participants to reflect on their own value priorities. This self-reflection significantly changed their value priorities. They
promoted the value equality to match their peers. This change of priorities
remained stable for a period of (at least) 24 months, and the participants
even portrayed associated behaviours, like joining civil rights movements. A
question in the light of design for social transformation is whether such long
term value system change could also occur through interacting with intelligent products and systems.
Human values in design for social transformation
The theory of human values serves an operationalisation of multiple
aspects relevant to design for social transformation. Firstly, it offers a way to
describe what ‘the good life’ is, targeted by social transformation. This idea of
the good life can be described (on an abstract level) in terms of certain high
priority values. A good life is a life of Wealth and Power, for example. Or a
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good life is a Benevolent life.
Secondly, human values offer a way to describe ethical beliefs of the people that are stakeholders in the design process. For example, a product or
system needs to be designed for people that value Creativity, or value Preservation of their public image, or value Politeness.
Thirdly, values can serve as concepts characterizing the behaviours and
experiences that an intelligent product or system should invite and amplify.
Values motivate people to strive for goals. The values that define these goals
are both relevant to behaviour and experience. Take for example the value
Authority. A person prioritising Authority will take action to become more
authoritative, and also to feel more authoritative. So both aspects of social
transformation, i.e., the change in behaviour and experience, targeted by a
product or system can be characterized using a value. I henceforth use the
phrase eliciting a value in interaction. So an intelligent product or system
eliciting the value Authority in interaction, successfully invites behaviours
intended to increase authority, and amplifies the experience of authority. We
can analogously use values to define what kind of transformations a design
should invite (as criterion). The aim is to design an intelligent product or system that elicits the value Creative, for example, or Sense of Belonging, or
Politeness in interaction.
The structure of human values offers a way to take the flipside of invitation of behaviours and experiences into account, namely inhibition. Inviting
behaviours that correspond to specific values theoretically entails inhibiting
behaviours corresponding to heavily conflicting values.
Summarising, human value theory offers a way to describe ‘the good life’,
the ethical beliefs of people and it offers a framework for characterizing what
kind of social transformation to target. This versatility of human value theory
will be of use in the current research.

3.3.6 Summary
Products influence our social life once they enter it, and therefore have an
ethical dimension. Since highly integrated, intelligent products and systems
have a profound influence on our social life, this ethical dimension needs to
be explicitly incorporated in their design. Fogg’s (2003) seven-step ethical
analysis program can serve as a guide for making ethical choices in practice.
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The current thesis is directed at gathering design knowledge, when the initial stakeholder analysis is already done, and the vision of a desirable social
transformation is already created. This thesis focuses on ‘mild invitation’, rather than coercion in design for social transformation. Ethics is operationalised
using Schwartz’ (1992a) theory of Human Values. Ethical beliefs of people
are treated in terms of value priorities. Value theory also provides a way to
characterize the social transformations a design targets. Schwartz’s values
are measurable, which is of use in empirical studies.

3.4 Aesthetics in design for social transformation

O

ne of the characteristics of intelligent products and systems is that they
are behaving entities. This brings new challenges for design, also regarding aesthetics. Form languages are needed beyond traditional ‘static’ form
languages: The dynamics of behaviour needs to be incorporated in a new
form language. This thesis has an integrating approach to ethics and aesthetics; they are not seen as independent aspects in design. In this thesis,
aesthetics plays a central role in incorporating ethics in design. The results
from the workshop Ethics and Aesthetics in Interaction showed the potential
of this approach. Designers translated specific ethical beliefs into aesthetic
expressions (Choreographies of Interaction). These aesthetic expressions
were translated into designs that elicited interaction with similar aesthetics.
These resulting interactions were in line with the ethical beliefs the designers
targeted: Ethics incorporated through aesthetics. Such use of aesthetics relates to a philosophical tradition, called Pragmatism (Shusterman, 2000). The
strong point of Pragmatist Aesthetics is that it opens up a way to incorporate
both ethics and the dynamics of (product) behaviour in design. But such an
approach is not self-evident. I therefore briefly treat two contrasting ways
of thinking about aesthetics, pragmatic and analytic. Subsequently, related
work from both traditions is treated. The nature of these works indicates how
the choice for a tradition influences the resulting designs and how the pragmatic tradition fits this research better.
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3.4.1 Two traditions in aesthetics
Analytic aesthetics
The term Aesthetics is coined by Alexander Baumgarten in the 18th
century. It is derived from Greek aesthesis, which means sensory perception.
Baumgarten intended to create a philosophy of sensory knowledge outside
of the realm of logic (Shusterman, 2000, p. 264). In the late 18th century, Kant
appropriated the term aesthetics in his philosophy and changed its original
meaning to fit in his analytic line of thought. For Kant, aesthetic experience
comes from contemplating art or nature. This contemplation is always disinterested, which means that such an experience is only valued for its own
sake, instead of serving a goal outside itself (Carroll, 2001, p. 44). This contemplation is an intellectual matter. It is not surprising then, that the term
aesthetics is in this view very much directed at fine art. Art in analytic philosophy is an escape for everyday life, in which one could immerse oneself
in the pleasure of pure beauty, beauty untouched by ‘dirty’ reality. Formalism
is one of the most outspoken theories of art to lean on this analytic account
of aesthetics. For the formalist, the aesthetic is present only in the formal
aspects of an artwork. In painting this means the play of lines, the balance in
a composition, the play of colours, and so on. In the most outspoken version
of formalism, the representational content of the painting is irrelevant to its
aesthetics. Milder forms of formalism include content, but maintain that the
experience is only aesthetic when it is disinterested (Carroll, 2001, p. 46).
The analytical account of aesthetics has, due to its formal approach, inspired a multitude of scientific studies into universal aesthetic ‘laws’. Empirical research showed how applying these laws indeed resulted in a general
increase of aesthetic appeal (which is of course defined in an analytic line of
thought). These laws are thankfully applied in forms of art and design.
Pragmatic aesthetics
In the 1930’s, John Dewey distanced himself from the analytical account
of aesthetics, promoting a pragmatic stance instead. Richard Shusterman
(Shusterman, 2000) built on this work, and applied it to contemporary culture. Central to pragmatic aesthetics is the aesthetic experience. There is no
final definition of what an aesthetic experience is, because this experience is
impossible to describe accurately with words, according to Dewey (Shuster-
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man, 2000, p. 55). But a number of principles can be outlined that characterise the Pragmatist approach to aesthetics.
Firstly, for Pragmatists, the aesthetic has practical use, next to intrinsic
value. So although an aesthetic experience is valuable in itself it is instrumental in daily practice as well. An aesthetic experience ‘invigorates and vitalizes
us’ and thus helps us achieve the ends we pursue, (Shusterman, 2000, p. 9)
much like singing a song helps workers perform hard labour. This instrumentality also entails that the aesthetic is not strictly bound to (fine) art. In light
of the instrumental dimension of the aesthetic, there is no reason not to aim
for high aesthetic standards in, for example, industrial design (Shusterman,
2000, p. 50). Secondly, the aesthetic experience of an object cannot be understood without its socio-cultural context. An object’s meaning and value
change with the constantly changing context of experience, between cultures, between persons and even within persons. Thirdly, form is inextricably
linked with the aesthetic experience. This form is not seen as static spatial
relations but as a ‘dynamic interaction of elements’ (Shusterman, 2000, p. 7).
Form in an aesthetic experience has ‘deep … roots in organic bodily rhythms
and the social conditions which help structure them’ (Shusterman, 2000, p.
199). An example is the way tempo in music can be related to heart rate.
Dewey characterises the ‘satisfying form’ of an aesthetic experience in several ways. One characterisation he uses is with the terms ‘cumulation, tension,
conservation, anticipation, and fulfilment’ (Shusterman, 2000, p. 7). Fourth,
where analytic aesthetics tends to focus on intellectual contemplation of
form as the exclusive source of aesthetic pleasure, the Pragmatist argues that
the whole human being is actively involved in the aesthetic experience. This
means involving both the intellectual and the bodily dimensions. They identify the often ignored role of the body in aesthetics. Why would not dancing
to music be an aesthetic experience, Shusterman asks.

3.4.2 Related work in both traditions
The philosophy underlying a design process influences the design outcome. In this section, the pragmatic and the analytic tradition are compared
using an example research project from both traditions.
The work of Hekkert (2006) is an example of design theory akin to analytic aesthetics. This design theory is analytic in the sense that it explains a
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Figure 3.6: A ball is used to manipulate documents that are spatially arranged in a digitally
augmented environment.

possible aesthetic experience mainly by universal laws or principles related
to an object. These laws, for example ‘maximal effect with minimal means’,
‘unity in variety’, and ‘most advanced yet acceptable’, are related to evolutionary needs of the human organism. In this view, the aesthetic experience
is restricted to sensorial pleasure. The pleasant feel of the Coca-cola bottle in
the hand is named as an example of an aesthetic experience. Product aspects
diverging from the universal laws, like ornamentation, are seen as contributing only to a cultural meaning dimension of product experience. In this view,
they do not contribute to aesthetic experience. Designers are recommended
to ‘obey [the] universal principles’, unless there are good reasons outside the
realm of aesthetics to deviate from them (Hekkert, 2006).
Petersen et al. (2004) apply Shusterman’s Pragmatist Aesthetics in design of interactive products and systems. They advocate incorporating the
socio-cultural background of people in design and to capitalize on people’s
mind and body in interaction. Their design work aims for eliciting Aesthetic
Interactions, stressing the dynamic aspect of Pragmatist Aesthetics. Petersen
et al. agree that aesthetics has an instrumental dimension ‘related to actual
human needs, values, fears, etc’. Aesthetic Interaction in their view ‘promotes
curiosity, engagement and imagination in the exploration of an interactive
system’ (Petersen et al., 2004). They place design for aesthetic experience
next to other perspectives, like designing from a tool or media perspective.
In these two perspectives, the main interaction ideals are transparency and
communication respectively. Petersen et al.’s designs are directed at eliciting
a special kind of interaction experience that is engaging, intriguing, invigorating and serendipitous. Figure 3.6 shows one of the project’s designs.
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Paul Locher (2008) investigates aesthetic experience psychologically and
suggests a structure. Although the work is not explicitly rooted in Pragmatist Aesthetics, it incorporates and elaborates on Pragmatist Aesthetics principles like the dynamic character of aesthetic experience, the influence of
socio-cultural context, and involvement of the whole human being. Locher
discerns a Person Context, an Artefact Context, and an On-Going Interaction Space that is the overlap of both Contexts. The Person Context includes,
among other factors, socio-cultural background, personality, values and past
experiences. The Artefact Context includes product characteristics, such as
quality of materials, (dynamically changing) shape, symbolic value and historical significance. The Artefact Context also includes situational characteristics. Whether a product is used in the home, in public or in a lab study, for
example, has influence on the aesthetic experience. The overview of factors
and possible relations offers a way to grasp the multitude of factors that are
relevant to the aesthetic experience in person – product interaction.

3.4.3 Aesthetics in the current thesis
This thesis’ approach to aesthetics fits the Pragmatist tradition. It subscribes to the four principles of Pragmatist Aesthetics outlined in the previous section:
1. The aesthetic experience has an instrumental value, next to intrinsic
value. In the workshop, aesthetics was used to elicit good interactions.
The follow up work in this thesis uses aesthetics in relation to elicitation
of values. This is where the current thesis differs from Petersen et al. ‘s
work. Petersen et al. focus very much on a particular kind of experience
(‘curiosity, engagement and imagination’), while the current thesis aims
to elicit behaviours and experiences that relate to other values as well.
The products in the workshop were instrumental as well in the sense that
they performed their primary functionality. The instrumental dimension
of aesthetics in this thesis entails both performing primary functionality
and the elicitation of values.
2. Aesthetics is understood in the socio-cultural context of its experience.
The workshop showed how personal and contextual factors influence
the experience of the proposed designs. In the current thesis, this sociocultural context is operationalised (and thereby simplified, see Locher
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(2008)) into value priorities of people involved in interaction.
3. Form, in the dynamic sense, is an inherent part of aesthetics. This is another concept of form than traditionally used in design. Form in design
often relates to static aspects of products, like shape and colour. Form in
Pragmatist Aesthetics is dynamic, and therefore opens design up to the
dynamics of product and person behaviour in interaction.
4. Aesthetics actively involves the whole human being, both mind and body.
This is in line with the design approach chosen in the workshop where a
physical design approach (Choreography of Interaction) connects to the
non-physical concept of ethics. The resulting designs capitalize on both
aspects of the human being. This fourth point is also in line with the direct approach chosen as the point of departure for design work in this
thesis. Djajadiningrat, Wensveen, Frens and Overbeeke (2004) discern an
emotional dimension as well in their design framework. They advocate
capitalising a person’s bodily, cognitive and emotional skills in design for
interaction. The current thesis uses these three elements to refer to involvement of the whole human being.
Aesthetics plays a role in the design work of this thesis in two ways: It
serves as a goal for design and it plays a role during the design process.
Aesthetics as design goal
Aesthetics is a design goal in the sense that this thesis aims to design for
Aesthetic Interactions. I define Aesthetic Interaction using the four principles
described earlier. Aesthetic Interaction is an experienced interaction with a
product or system that:
1. is rewarding in itself and instrumental;
2. is coloured by the socio-cultural context of interaction (in this thesis, the
values of the people involved in interaction);
3. has satisfying, dynamic form;
4. actively involves the whole human being (bodily, cognitive and emotional).
This is where the work in the current thesis differs from Persuasive Computing that does not explicitly incorporate an aesthetical dimension in persuasive designs. So the goal of this thesis is to find how to design intelligent
products and systems that elicit a specific value in Aesthetic Interaction.

theory and questions

59

60
Aesthetics as design approach
To design for Aesthetic Interaction means that aesthetics needs to be
incorporated in the design process. This is the second role of aesthetics in the
current thesis. How aesthetics plays a role during design is demonstrated in
the Workshop Ethics and Aesthetics in Interaction. Designers used aesthetic
expressions, the Choreographies of Interaction, as the means to design for to
kalon in interaction.

3.5 Problem definition

T

his chapter draws three conclusions about ethics and aesthetics in design
of highly integrated, intelligent products and systems:
1. Intelligent product and system design needs a scope beyond functionality or experience. It needs to incorporate social transformation. This social
transformation is a process of Technological Mediation, in which a product invites/inhibits specific social behaviours from people and amplifies/reduces specific experiences. These interactions take place and take
shape in a social context, which needs to be accounted for in design. This
thesis focuses on design for ‘mild invitation’ rather than coercion, i.e., invitation with a preservation of freedom for the people involved to ‘decline’
the invitation.
2. Designing for social transformation has an ethical dimension, especially
in design of intelligent products and systems. The ethical beliefs of all
people involved play a role in such a design process. This thesis focuses
on the question how to design for such systems, once a stakeholder analysis is already performed and a vision on a desirable social transformation
is formulated. This thesis uses Schwartz’ human value theory as a framework for ethical beliefs of the people involved and for characterizing what
kind of transformation of behaviour and experience are targeted.
3. The current thesis fits in the Pragmatist Aesthetics tradition. Aesthetics
plays two parts in this thesis: Firstly, the aim for design is to elicit values in
Aesthetic Interaction, which is characterised with four Pragmatist Aesthetics principles. Secondly, the aim is to give aesthetics a pivotal role during
the design process.
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Problem Definition
The current thesis’ research area is ethics and aesthetics, related to design of socially transformational, intelligent products and systems. How can
we incorporate both aspects in design of such products and systems? The
insights from the workshop and the subsequent study of literature allow formulation of a sharper problem definition:
How can we design intelligent products and systems that elicit specific values
in Aesthetic Interaction?
Eliciting values is specified as follows: a product or system invites a person to portray behaviour that correspond to a value’s motivational content,
and amplifies corresponding experiences in this person. Note that designing
a product to elicit a value does not mean that this product should portray
behaviour that corresponds to this value. The product is intended to invite
behaviours in the person interacting. So a product designed to elicit the value Helpful should invite a person to behave helpfully and feel helpful. This
product is not necessarily designed to behave helpfully itself.
Aesthetic Interaction is based on the four principles of pragmatic aesthetics. Aesthetic Interaction explicates this thesis’ approach to design of intelligent products and systems. Incorporating Aesthetic Interaction in the problem definition points at the intention to actively involve the whole human
being in interaction, acknowledges the importance of form, acknowledges
the influence of the socio-cultural context (in this thesis, the values of the
people interacting) and acknowledges the instrumental value of aesthetics
next to its intrinsic value.
A design brief example
This section ends with an illustration of what kind of design scope this
problem definition aims at. Traditionally, a mobile phone design brief could
be like the following (in heavily simplified form): Design a product or system that uses GSM technology to create an audio connection between two
physically separated people; the product should appeal to person A and B,
and have an ergonomical interface. The current thesis is interested in design
from the following brief: Design a product or system using GSM technology
that invites a social relation, based on the value Sense of Belonging, between
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two physically separated people. Consider how this relation is dynamically
created, while taking the values of person A and B, and their bodily, cognitive and emotional skills into account. The focus in design in the latter brief
is much more on the ethics and aesthetics of the behaviour of the people,
instead of on the functionality (primary and secondary in this case) of the
device. The latter design brief is prone to innovation with social relevance
and the research in this thesis should help design such a device.

3.6 Research questions

W

ith the problem definition and the relevant concepts clarified, this
chapter moves on with formulating the research questions, and introducing the follow up research-through-design cycles. The problem definition is formulated as follows:
How can we design intelligent products and systems that elicit specific values in
Aesthetic Interaction?
The problem definition leads up to a series of research questions. These research questions each pertain to parts of the problem definition:
Question 1
Is it possible to design an intelligent product or system that elicits specific values
in Aesthetic Interaction?
Before asking the ‘how can we design’-question, the ‘can it be done’-question must be asked.
Question 2
How can we design an intelligent product or system that elicits specific values in
Aesthetic Interaction?
This question seeks for development of knowledge applicable in the design process of intelligent products and systems.
Question 3
Is there a systematic relation between, on the one hand, the compatibility of values of the person interacting and the elicited values, and, on the other hand, this
person’s interaction evaluation?
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This question addresses the social context of interaction by examining
the influence of the value priorities of the people involved in interaction on
their evaluation of interaction. Human value theory states that people’s value
priorities relate to how people evaluate behaviours. Theoretically, the more
a behaviour is compatible with a person’s high priority values, the higher
this person would evaluate this behaviour (provided that the social context
remains the same). A creative person would value creative behaviours more
positively than traditional behaviours if the context of these behaviours remains the same. After all, respect for tradition is a highly contrasting value in
the Schwartz (1992a) value structure (recognisable in the large distance between the two values). This question investigates whether the compatibility
(distance in the value structure) of a person’s most important values and an
elicited behaviour is a predictor for a person’s evaluation of the interaction,
when the context remains constant.
Question 4
Is it possible to design an intelligent product or system that, through Aesthetic
Interaction, invites a person to reconsider his values?
This fourth question deals with the scope of transformation through intelligent products and systems. It relates to Rokeach’s findings, that value priorities can change under certain circumstances. Values change in for example
social and economic conditions, but do they also change in technological
conditions? This question asks whether and how design for social transformation can invite change in people’s value priorities. Maybe our products
today already, covertly, change our value priorities. It would be meaningful,
in light of the responsibility of designing systems that ‘weave into the fabric
of everyday life’, to find out if this would happen, and how design plays a role
in this.

3.7 Thesis outline

T

his chapter concludes the first research-through-design cycle. The remainder of this thesis consists of three subsequent cycles, briefly outlined
in the following.
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Figure 3.7: A staircase lighting system de-

Figure 3.8: Scene from the ‘Light Dancer’

signed to elicit the value Creativity

experiment

Cycle II: First empirical study
(Chapter 4)
Chapter 4 tackles the question whether it is possible to target specific
human values in design for Aesthetic Interaction (question 1). The chapter
describes how Industrial Design students design lamp prototypes tailored
to a specific fellow student’s value priorities. The lamps are intended to elicit
these values in interaction. For example, Figure 3.7 shows a lighting system
designed to elicit the value Creativity in interaction. Experimental validation
indicates that it is indeed possible to elicit values in interaction.
Cycle III: From Values to Dynamic Form
(Chapter 5, 6 and 7)
A key characteristic of intelligent products and systems is that they portray behaviour in interaction. Cycle III is directed at finding a design language
for such behaviour in interaction, specifically for eliciting values in Aesthetic
Interaction. Chapter 5 describes an experiment with professional dancers
acting out lamps, trying to elicit specific values in interaction through the
way they physically interact with participants (Figure 3.8). Measurements of
people’s interaction experiences in this ‘Light Dancer’ experiment indicate
that the dancers were successful in eliciting the values Creativity, Helpful
and Social Power. Chapter 6 presents the Interaction Quality Framework that
contains the elements of a language of Dynamic Form. In chapter 7 the Interaction Quality Framework is used to formulate design criteria for two intelligent lamps that should elicit the values Creativity, Helpful and Social Power.
These criteria are distilled from the behaviours of the dancers in the Light
and Dance experiment.
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Figure 3.9 The intelligent lamp called AEI

Figure 3.11: The intelligent lamp called
Luxger

Cycle IV: From Dynamic Form to Values
(Chapter 8 & 9)
Cycle IV explores how to design from Dynamic Form criteria, and evaluates the resulting designs in terms of values. Chapter 8 treats the design
process of the two intelligent lamps based on the Dynamic Form criteria
and it treats the resulting designs. These lamps are called AEI and Luxger,
depicted in Figure 3.9 and Figure 3.10. Chapter 9 describes an experimental
evaluation of the lamps. This experiment checks whether the lamps elicit the
values they target, and how the participants’ value priorities influence their
evaluation of interaction.
Chapter 10 is a general conclusions and discussion chapter. It returns to
the original problem definition and research questions. It summarizes the
relevant insights from all four research-through-design cycles and discusses
them with a bird’s eye view.
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4.1 Introduction to research-through-design cycle II

T

his chapter describes research-through-design cycle II. In this cycle, research question one is central: Is it possible to design an intelligent product or system that elicits specific values in Aesthetic Interaction? This chapter
explores this question through design activity in a course called ‘Personality
in Interaction’, followed by an evaluation experiment. Section 4.2 describes
the Personality in Interaction course. Its resulting designs are treated in section 4.3. Section 4.4 continues with an experiment in which the course designs are evaluated. The chapter concludes in section 4.5 that question one
can be positively answered.

4.2 The Personality in Interaction course

T

he Personality in Interaction course (Ross & Lee, 2005) was a 40-hour
bachelor design course at the department of Industrial Design at TU/e.
It was conducted five times in the period between 2005 and 2007. The first
version of the course was devised and conducted in cooperation with Dr.
SeungHee Lee from the Graduate School of Comprehensive Human Sciences
at Tsukuba University in Japan.

4.2.1 Personality in Interaction course overview
The course’s design brief was to create a lamp, lighting system or light
switch that elicited Aesthetic Interactions related to the personality of a fellow student. Personality was viewed in terms of a person’s value priorities,
specifically the one, two or three highest priority values. So if a person prioritised the value Creativity above all other values, the assignment was to design a lamp for this person that elicited Creativity in Aesthetic Interaction. If
a fellow student prioritised the value Social Power, interacting with the lamp
should make this person feel and act powerful. The design challenge was to
find how to design the lamp in such a way that these values were elicited in
Aesthetic Interaction. Note that the design brief was not to design a creative
or powerful lamp. The lamps had to elicit creativity and power in interaction.
Sixteen students participated per course. The course served both education
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and research goals. The students acquired design skills and got acquainted
with the state-of-the-art research efforts in this field. At the same time, the
current research gained design input.
Course set-up
The course’s design process was based on the Kansei design approach
(Lee, Harada & Stappers, 1999). It included the following steps:
1. Students (voluntarily) completed the Schwartz Value Survey (Schwartz,
1992a) to learn about their own personality. Pairs of students with contrasting personalities were created with the test results. Results of the
tests were kept private if the student wished this. (One student in total
made use of this privacy measure.)
2. Relevant theories (Aesthetic Interaction, human value theory, Kansei)
were introduced in a lecture and students read accompanying papers
(Schwartz, 1992a and Lee et al., 1999). (Students in the first run of the
course received a paper about Eysenck personality theory. This first run
used Eysenck personality theory (Eysenck, 1964) instead of Schwartz’ human value theory.)
3. The students created a one-minute ‘dynamic personality collage’ on video
of their assigned fellow student. This collage had to capture the essence
of the personality of their fellow student and served as an inspiration for
the aesthetics of the design. This Kansei based technique is treated in the
next section.
4. The personality collages were analysed to find interaction qualities for
design.
5. The next step was to design and prototype a living room light switch,
lamp or light application that elicited the fellow student’s top priority value(s) in interaction. PIC-boards with pre-programmed routines,
phidgets, halogen lights, LED’s, colour filters and dimming circuits were
available for the prototyping stage. To save time, prototypes did not need
to function autonomously. Wizard of Oz techniques (Hummels, 2000, p.
3.55) were allowed. Students created prototypes as early in the process as
possible to evaluate the designs in terms of Aesthetic Interaction.
6. The course ended with a final presentation, in which the students interacted with the prototypes designed for them, and the design and design
process were evaluated.
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4.2.2 Dynamic Kansei Personality Collages
In step 3, students were asked to create a dynamic personality collage,
i.e., an aesthetically composed movie clip of approximately one minute that
expresses a personality. This design technique was based on Kansei design
research (Lee et al., 1999).
The Kansei design approach aims to support a designer’s ability to use
and incorporate subjective criteria in the design process. The approach entails creation of 2D images and 3D objects expressing the emotional aspects
of products, which are subsequently analysed and abstracted into single
iconic expressions. These 2D and 3D ‘abstract icons’ should give richer input
into the design process about affective aspects than words or diagrams. Up
until the research described in this chapter, the Kansei approach was applied
only to design of static 2D or 3D shapes. Dr. Lee and I included also dynamic
abstract icons in the Kansei design process to capture and express dynamic
aspects of product interaction. In the Personality in Interaction course, the
dynamic abstract icons were created from the video footage the students
shoot of their fellow students. The way a person behaves gives hints about
his personality (e.g., Carney, Hall & Smith LeBeau, 2005). The students were
instructed to capture such physical manifestations of their fellow student’s
most important values on film. So if a student valued humbleness highly,
a humble behaviour or posture of this student had to be captured on film.
Students were stimulated to film in various contexts, and also to try to create situations that brought value-relevant behaviours to the surface. The
students were explicitly not allowed to arrange and control the behaviours
of their fellow student like a movie director. Although situations could be
artificially created, the behaviours of the filmed student had to be as natural as possible. Some of the situations students created were playing catch,
making a drawing, creating an object with foam, talking to staff and fellow
students and riding bikes.
The most expressive and relevant pieces of footage had to be selected to
form the basis of the dynamic collage. These telltale pieces of video could be
abstracted, for example using video image filters, zooming in on a part and
repetition. The final collage had to be a unified, aesthetic whole of these dynamic ‘abstract icons’, expressing the essence of a personality. The ‘film strip’
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Figure 4.1: Example screenshots of a student team’s combined personality collage. The depicted
situations are walking an awkward staircase and creating a random object in foam. Whereas
the young woman walks in a controlled manner, the young man walks in a playful and excited
manner. She works in a concise and detailed manner, while he works in a more expressive manner with larger shapes and movements. (The faces are obscured for privacy reasons.)

of screenshots of Figure 4.1 shows an example personality collage. This example collage combines expressions of two personalities.

4.3 Resulting designs

T

he five times the course ran delivered a total of over 50 designs. This section shows a selection of 5 designs that illustrate how the students tried
to elicit specific values in Aesthetic Interaction. These 5 designs are part of
a set of 11 designs that are formally evaluated in the experiment treated in
section 4.3. The other 6 are briefly treated in Appendix 4.A.
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Figure 4.2: This staircase
lighting system targets the
value Creativity by offering
the possibility to casually create new lighting
compositions every time
the stairs are climbed.

Design 1: A staircase lighting system targeting Creativity
This design is made for a person that, according to the designer, is creative and likes to create beauty in his surroundings. This description is based
on the personality test results and the designer’s video collage. The design
fits in the student’s living surroundings. It enables him to be creative with it
and compose lighting schemes. The lighting system is constituted by a series of light spheres hanging from the ceiling, distributed over the staircase.
These spheres allow a myriad of different interactions that result in different
lighting compositions. The light balls light up when they are touched and
moved. One way to make compositions is to selectively touch the spheres
when walking the stairs. By gently pushing the spheres, they swing into a
calm rhythm creating a calm and slow play of moving light and shadow in
the staircase. Pushing the spheres fiercely results in a vigorous play of light
and shadow. The light spheres turn off when they are not touched for a
while. When two balls touch, internal magnets make them stick to each other, which provides additional ways of composing staircase lighting schemes.
This staircase lighting concept allows new dynamic lighting compositions to
easily be created every day, making climbing the stairs a pleasant creative effort, instead of just a physical one. See Figure 4.2 for interaction snapshots.
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Figure 4.3: This lamp triggers curiosity. It gives little clues about the possible effects of actions, but
rewards them with beautiful and unexpected lighting effects.

Design 2: Mirror Box eliciting the value Curiosity
This lamp is designed for a student that is described as a person primarily valuing Curiosity. This lamp’s main interaction elements are three semitransparent light cubes, placed in a cubic space delimited by three mirrors
(Figure 4.3). The cubes are equipped with coloured LED’s but do not give
away their lighting effects until they are combined with each other. When
placed together, the cubes sense the relative position to each other and generate specific dynamic lighting effects for specific configurations. This way,
different ways of stacking or aligning the cubes result in different dynamic
coloured lighting effects. The uniform semi-transparent cubes give little
hints of their orientations, so the resulting lighting effects are almost always
a surprise. The cubes invite a person to try out different combinations. They
reward the efforts with unexpected and beautiful light schemes. The three
mirror surfaces multiply the effect of each interaction, adding to the beauty
of the effects. The lamp tries to trigger curiosity in interaction through its
intentional absence of feedforward for actions, combined with the reward of
beautiful effects after each interaction.
Design 3: Flower lighting system eliciting the value Creativity
This light is created to elicit the value Creativity in interaction. The lighting system is constituted by a set of lights distributed in a room, linked to a
flower-like device that controls them. Manipulation of the flower petals gives
control over the living room lights that collectively create different atmospheres. The intensity of the different lights, which gives atmospheric effects,
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Figure 4.4: This lighting system triggers associative skills through loosely mapping interactions
on the flower like device to lighting settings of several living room lights.

is loosely coupled to the expressions made with the flower petals. See Figure
4.4. This way, the system triggers the associative skills of the person interacting and her creativity.
Design 4: Throw Ball lamp targeting Pleasure
This design is conceived for a person that likes to have fun and is highly
social. Its main target is pleasure, but it also tries to elicit Benevolence and
Security values. The final design is a ball the size of a soccer ball with holes in
it that transmit light. The ball tries to stimulate people to throw it by blinking
when it is held longer than 0.5 seconds. When it is thrown, it lights up fully.
When held longer than 2 seconds, the light dies out which could mean the
game is over. See Figure 4.5 for interaction snapshots.
Figure 4.5:
Snapshots of
the Throw Ball
interaction.
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Figure 4.6: The High Five light switch is designed to elicit extravert behaviour in interaction.

Design 5: The High Five light switch eliciting Extraversion
The student that designed this expressive light switch participated in
the first run of the course, in which Eysenck’s model of personality (Extraversion vs. Introversion and Neuroticism vs. Stability) was used. The student
described his fellow student as an extravert and stable person. The ‘High Five’
gesture, an exuberant gesture, forms the basis of the design. The final design
is a room light switch, shaped like a hand that switches the lights on or off
when somebody hits it with an enthusiastic ‘High Five’. It switches only when
it is firmly hit. This way it elicits big energetic gestures, which gives the interaction its extravert character. See Figure 4.6 for snapshots of the interaction.
This lamp is included in the analysis, to see how its interaction compares to
the interactions of the lamps that explicitly target values.

4.4 Experimental evaluation of designs

A

n evaluation experiment was conducted to see how people naïve to the
design intentions would experience the Personality in Interaction lamps.
This experiment used film clips of the lamp interactions.

4.4.1 Film Clip experiment set-up
In this experiment, participants viewed film clips of interactions with
twelve different lamps (including one trial) and rated them in terms of values.
All participants were architecture students, coming from both the bachelor
and the master program. Architecture students were chosen since they had
no education in interaction design, but were still sensitive to aesthetics.
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Procedure
The experiment procedure was as follows:
1. The participant received an introduction in which the experiment was
explained. See appendix 4.B for the literal text.
2. A participant watched a film clip showing interaction with a given lamp.
3. The participant filled out a value rating form. See next section for more
details.
4. Step two and three were repeated for all eleven film clips, preceded by
a trial clip. The clips were shown in three different orders. Order 1 and 3
were randomized, order 2 was counterbalanced with order 1.
Twenty people participated, thirteen male and seven female. The participants received €5,-. The experiment took place in 8 separate sessions with 1
to 5 participants simultaneously.
Stimuli
The designs from the Personality in Interaction course were not fully
functional prototypes. They needed to be controlled by hand in a Wizard of
Oz-like manner to demonstrate their interactions. It was impossible to test
them live with participants in an experiment, so film clips of these interactions were shown to participants as the stimuli. In these film clips, the prototypes seemed to be truly interactive.
Fifty designs were available from the course. Thirty-nine of those designs
were useable for this experiment. These thirty-nine lamps were actually
designed to elicit values (some students deviated from the course assignment and designed for other aspects of personality) and could be shown
without any extra explanation (the film clips of the interactions had to speak
for themselves). A selection of eleven lamps (plus one for the trial clip) was
made from these thirty-nine lamps. A maximum of eleven (plus one) was
chosen to prevent the participants from getting overloaded with too many
lamps to rate. Ideally, each of the four quadrants of the Schwartz Value Structure was targeted by at least one lamp. This could not be realised, however:
There were only a few students that participated with highest priority values
in the ‘Conservation’ quadrant or the ‘Self-Transcendence’ quadrant (the left
two quadrants on the value structure). So these values were rarely targeted
in the course. The result was that there were no usable designs targeting the
Conservation and Self-Transcendence quadrants.
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One of the clips was selected as the trial clip. The clip duration ranged
from 15 seconds to 39 seconds. Screenshots of these clips are shown in Figure 4.2 to 4.6. The clips were numbered and shown on a 37’’ Flat Screen TV.
Rating form
The question was how to measure how people characterised the lamp’s
interactions in terms of values. To measure this, a rating form was devised
including a list of Human Value rating scales. The form was originally created
in Dutch, but treated here in English translation. The participant was asked
to imagine they would interact with the lamp themselves. Then they placed
a tick mark on the value scale to indicate to what extent a particular value
description matched the interaction in the film clip. The value scales looked
like this:
Imagine you are interacting with the lamp yourself. Use a tick mark to indicate to what degree
the interaction evokes the following terms in you:
Creativity (uniqueness, imagination)
Does not describe it at all

o

o

o

o

o

o

o

Describes it perfectly

The value descriptions used in the scales were copied from the value descriptions in the Schwartz Value Survey (Schwartz, 1992a). A selection of 13 of the
57 values was made to include on the form, making sure:
• The list contained at least one value per value type (there is a total of 10
value types).
• The list contained all the values that were targeted by the selection of
lamps.
• The list contained the same 8 values that were used in the ‘Light Dancer’
experiment. The Light Dancer experiment, described in a later chapter of
this thesis, took place chronologically before the current experiment. To
make comparison across experiments easier, the list of values was kept as
constant as possible across experiments.
The value rating list contained the following items:
• Inner harmony (at peace with myself )
• Curious (interested in everything, exploring)
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• Humble (modest, self effacing)
• Freedom (freedom of action and thought)
• Social power (control over others, dominance)
• Capable (competent, effective, efficient)
• Pleasure (gratification of desires)
• Loyal (faithful to my friends, group)
• Politeness (courtesy, good manners)
• An exciting life (stimulating experiences)
• Sense of belonging (feeling that others care about me)
• Creativity (uniqueness, imagination)
• Helpful (working for the welfare of others)
The distribution of the corresponding values over the 2D structure is depicted in Figure 4.7.
The forms were filled in on a laptop running SPSS Data Entry Station. Figure 4.8 shows the physical experiment set-up.

4.4.2 Hypotheses
If the design of the lamps has any effect measurable with the value scales,
the ratings on the value scales should differ between lamps targeting different values. Formally put:

Security

Power
Social Power

Sense of Belonging

Tradition

Humble

Politeness

Conformity

Achievement

Capable

Hedonism

Pleasure

Loyal

Benevolence

An exciting life

Helpful

Stimulation

Creativity
Inner Harmony

Universalism

Curious
Freedom

Self-direction

Figure 4.7: The selected value items placed in the value structure.
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Figure 4.8: The Film Clip experiment’s physical
set-up.

Hypothesis 1
H0: The mean ratings on the value scales are equal between lamps
H1: The mean ratings on the value scales are not equal between lamps
This effect should have a certain pattern. One would expect that a target
value would always have a significantly higher score on the scales than all
other values. This leads to the second hypothesis.
Hypothesis 2
H0: The mean rating of the target values are not higher than those of all other
values
H1: The mean rating of the target values are higher than those of all other values
Human value theory predicts a structure in the relation of the score of the
target value scale to the scores of the other value scales. As treated in chapter 3, the mutual distance of value items on Schwartz’ value structure is a
measure of ‘motivational compatibility’. If two values are located close to
each other on the value structure, they are compatible. The larger the distance between them, the less compatible they are. For example, the values
Helpful and Loyal (closely co-located) are more compatible than Helpful and
Social Power (large distance in between). See the locations of these values in
Figure 4.7. This degree of compatibility between values is expected to have
a systematic effect on the scores on the value scales. For example, if a lamp
in the current experiment succeeds in eliciting the value Helpful, the value
scale Helpful would receive the highest mean scores. The value scale Loyal
(the most compatible value in this experiment) would receive the second
highest score, and the value scale Social Power (the least compatible value)
would receive the lowest score. So it is possible to determine a theoretical
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rank order of the means of all value scale scores, based on the targeted value
score. The occurrence of this rank order in the data would be an indication
that the ratings are in line with value theory and that the interaction is really
relevant in terms of values. The ‘fit’ of the measured rank order of value scale
scores with the theoretical rank order of scores is determined here by a correlation analysis of both rank orders. Put in terms of a hypothesis:
Hypothesis 3
H0: The correlation between the measured and theoretical rank orders of the
value scores is not significant
H1: The correlation between the measured and theoretical rank orders of the
value scores is significant

4.4.3 Results
Figure 4.9 shows the ratings of the five lamps treated earlier. The mean
ratings of the six other test lamps are depicted in Figure 4.10. Table A4.1 in
Appendix 4.C shows all mean ratings of all lamps and their standard deviations. Most lamps targeted values in the Openness to Change quadrant. This
shows in the ratings.The highest scores are generally located in the Openness to Change quadrant.
Hypothesis 1
H0: The mean ratings on the value scales are equal between lamps
H1: The mean ratings on the value scales are not equal between lamps
Figure 4.9 and Figure 4.10 show differences between the scores on the value
scales. An 11 (Clip) x 13 (Scale) repeated measures Analysis of Variance (ANOVA) was performed on scores for the value scales. The results are reported in
Table 4.1. Significant main effects were obtained for Clip, F(10, 2717) = 7.7,
p < .001, and for Scale, F(12, 2717) = 47.7, p < .001. In addition, the interaction
effect was significant, F(120, 2717) = 2.2, p < .001. Simple main effects analyses (Dunnett T3) were performed to examine the nature of the significant
interaction. It was found that the means of 9 of 11 lamps were significantly
different from one or more of the other lamps’ means. The High Five lamp
and the Throw Ball lamp means differed from the largest number of other
lamp means, namely five and four respectively. See Figure 4.9 and 4.10. The
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Figure 4.9: The mean ratings of the five lamp designs
treated earlier in this chapter. The values
are placed in order according to the value structure quadrants along the x-axis. The vertical lines
indicate the borders of the quadrants. Each lamp’s target values are highlighted with a filled dot.
The Extraversion High Five lamp has no target value, so no dot is present. The value Pleasure
belongs to both the Openness to Change and Self-Enhancement quadrant according to the
theory.
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Figure 4.10: The mean ratings of the six lamps treated
in the Appendix.
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conclusion is that H(0) is rejected. (Note: Homogeneity of variance could not
be assumed. Non-parametric test, the Friedman Two-way Analysis of Variance by Ranks and Kruskal-Wallis tests were performed on the value scale
scores. The same significant effects were obtained from these tests.)
Table 4.1: ANOVA results, dependent variable: Score
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Clip

202.8

10

20.3

7.7

0.001

Scale

1515.9

12

126.3

47.7

0.001

Clip * Scale

704.4

120

5.9

2.2

0.001

Error

7199.5

2717

2.7

Total

52975.0

2860

R Squared = 0.252 (Adjusted R Squared = 0.213)

Hypothesis 2
H0: The mean rating of the target values are not higher than those of all other
values
H1: The mean rating of the target values are higher than those of all other values
Nine of eleven lamps tested in this experiment actually targeted a value. The
other two targeted Eysenck dimensions Introversion and Extraversion. Three
of the nine lamps targeting values actually received the highest ratings on
their target value (Light Ball for Pleasure, Stacker lamp for Freedom and Puzzle Lamp for Curiosity), see Table 4.2. In four lamps, the target value was rated
second highest, one was rated third and one was rated fifth. So in almost all
cases, H(0) can not be rejected.

Staircase lighting
system

Mirror Blocks

Flower Lamp

Throw Ball

High Five

Segmented Ball

Stacker Lamp

Spring Lamp

Puzzle Lamp

Colour Box

Tree of Light

target
value rank

lamp

Table 4.2: Ranks of each lamp’s target value scores compared to the other ten values

2

2

2

1

n.a.

n.a.

1

2

1

3

5
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However, the target value is in most cases ranked second or third. Value
theory says that the values are part of a motivational continuum. When values are located close to each other in the structure, they are similar in motivation. This means that behaviours motivated by a value very near a target
value are still highly compatible with the behaviours motivated by the target value. An analysis considering the order of the ranks of all values gives a
more nuanced view on how successful the lamps are.
Hypothesis 3
H0: The correlation between the measured and theoretical rank orders of the
value scores is not significant
H1: The correlation between the measured and theoretical rank orders of the
value scores is significant
To test whether the rank orders of the values as they are rated are equal to
the theoretical rank orders, based on their mutual compatibility, a correlation
analysis is conducted. In this analysis, the scored rank orders are compared
with the theoretical rank orders. The theoretical rank orders are calculated by
determining the distance between the target value and all other measured
values on the structure. See Figure 4.11 for a graphical representation of this
process. Table 4.3 shows the table of correlation coefficients.

Figure 4.11: Determining

Social Power

the first six rank orders

Sense of Belonging

for Creativity. The circles
indicate the different dis-

Humble

4 Capable

Politeness
Loyal

5 An exciting life

Helpful
Creativity 1
6
Inner Harmony

Pleasure

2 Curious
3 Freedom

tances from the values
to Creativity. The circles
have the Creativity value
as their centre, and have
a radius that corresponds to the distance to
another value.
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Table 4.3: Correlations of scored value rank orders with theoretical rank orders (all N=13).

Correlations – Kendall’s tau
Staircase lighting
system (Creativity)

Correlation Coefficient

0.538

Sig. (2-tailed)

0.01

Mirror Blocks
(Curious)

Correlation Coefficient

0.564

Sig. (2-tailed)

0.007

Flower lamp
(Creativity)

Correlation Coefficient

0.641

Sig. (2-tailed)

0.002

Throw Ball
(Pleasure)

Correlation Coefficient

0.538

Sig. (2-tailed)

0.01

Stacker Lamp
(Freedom)

Correlation Coefficient

0.641

Sig. (2-tailed)

0.002

Pearson Correlation

0.445

Sig. (2-tailed)

0.128

Puzzle Lamp
(Curious)

Correlation Coefficient

0.513

Sig. (2-tailed)

0.015

Colour Box
(Hedonism)

Correlation Coefficient

0.308

Sig. (2-tailed)

0.143

Tree of Light
(Self-Direction)

Correlation Coefficient

0.359

Sig. (2-tailed)

0.088

Spring Lamp
(Pleasure)

The table shows that the value scores of 6 of 9 lamps that target a value
correlate significantly with the theoretical rank orders. This indicates that the
interactions they elicit show the same ‘motivational structure’ as the values
they try to elicit. So although the target values are not rated highest, the values that are motivationally similar score higher than the values that conflict
with the target value. And the structure of gradually increasing and decreasing compatibility is present as well. The approximate sinusoid lines in Figure
4.9 and 4.10 visually depict this. The results of this analysis indicate that these
lamps elicit interactions that are actually relevant in terms of values.
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4.4.4 Discussion of the experiment
The results of this experiment indicate that the interactions the Personality in Interaction lamps elicit are indeed relevant in terms of values. There are
however reservations that need to be made.
1. First of all, the lamps were tested using video-clips of interaction. Experiencing an interaction captured on video may be different than experiencing interaction live. It is unknown how this difference manifests itself
in the measurements.
2. All lamps in this test focused on values in the Openness-to-Change quadrant and the Self-Enhancement quadrant. It is therefore still unknown if
values in the other quadrants could be targeted.
3. The rating form is not a validated measuring instrument.

4.5 General conclusion

T

he conclusion from this research-through-design cycle is that it is possible to explicitly elicit values in Aesthetic Interaction. This points towards a
positive answer of research question 1 (Is it possible to design an intelligent
product or system that elicits specific values in Aesthetic Interaction?) The
experiment shows that eliciting values is not about eliciting a single value. It
is about eliciting a range of motivationally compatible values.
The research topic of eliciting values in Aesthetic Interaction is new and
the steps in this cycle are explorative. The design techniques and the measuring tools are also new. Despite this, the results are promising. This indicates
that the research direction is worth pursuing further. The next researchthrough-design cycles move in the direction of intelligent product and system design, incorporating design of behaviour in Aesthetic Interaction.
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Research-through-design Cycle III
From Values to Dynamic Form
Chapter 5, 6 & 7

Chapter 5
Light Dancer Experiment

92

5.1 Introduction to research-through-design cycle III

T

his thesis investigates how to design intelligent products and systems to
elicit values in Aesthetic Interaction (research question 2). An essential
ingredient of intelligent products and systems is that they portray behaviour
(Aarts & Marzano, 2003, p. 14). But how can we design behaviour in Interaction? And how can we design this behaviour with the purpose to elicit values
in Aesthetic Interaction? Behaviour is dynamic and relational. It consists of actions and reactions of one interactant to another. Industrial Design does not
have a form language of behaviour in interaction yet, like it has languages
about static aspects of design, such as form, materials and colours. Research
in this field is just starting (e.g., Kyffin, Feijs & Young, 2005) and does not yet
provide ready-made solutions for the current questions. Research-throughdesign cycle III has two goals:
• To find a ‘design language’ for behaviour in Aesthetic Interaction. In this
cycle, this language is called ‘Dynamic Form’, and;
• To relate this language to eliciting values in Aesthetic Interaction. In other
words, to try to find which Dynamic Form could help elicit values.
To reach these goals, this cycle works in a ‘reversed direction’, so to speak.
It starts at eliciting values in interaction (chapter 5) and ends with specifying
Dynamic Form through systematic analysis of these interactions (chapter 6
and 7). The focus in this cycle is on interactions that involve one person and
one product. This introductory section briefly explains the steps that are taken in these three chapters. First, a framework about behaviour in interaction
is introduced to help explain the steps described in chapter 5 to 7.

5.1.1 The Perspectives on Behaviour in Interaction Framework
The ‘Perspectives on Behaviour in Interaction Framework’ (short: Perspectives Framework) unites different perspectives that could be taken when
analysing and synthesising behaviour in human – intelligent product interaction. This thesis already introduced human values as a way to characterize
behaviours in interaction. And this introduction also mentioned a dynamic
form language, which is another perspective on behaviour. The Perspectives
Framework places such different perspectives on top of each other horizontally (rows), and dissects them vertically (columns). Figure 5.1 shows the ‘skeleton’ of the framework.
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Perspective
....

Figure 5.1: The Perspectives on Behaviour in
Interaction Framework
with the rows unspeci-

Perspective
A

Perspective
B

fied.

PRODUCT
behaviour

INTERACTION

PERSON
behaviour

The columns stand for different ‘dissections’ of the interaction. The left
column demarcates the product’s behaviour (left column), the right column
demarcates the person’s behaviour. The middle column stands for the interaction view. It focuses on the way the two behaviours interact. The rows
stand for the different perspectives on behaviour in interaction. These perspectives are ways of looking at behaviour in interaction. The perspectives
are not yet defined in Figure 5.1. For example, one could view behaviour in
terms of its social significance, or in terms of pure physical movement, or in
terms of information. The framework is flexible in what perspectives are included and how many. The intersections of the horizontal perspectives and
vertical demarcations create a myriad of viewpoints on behaviour in interaction. With its multi-layered structure, the Perspectives Framework has similarities with the ISO Model of Architecture for Open Systems Interconnection
(Zimmerman, 1980). The framework has primarily an explanatory function
in this thesis. It is not an ontological model of behaviour in interaction and
it is not used to give a complete overview of all possible perspectives. It is
intended as a tool for analysis and synthesis of behaviour in interaction. And
it is used in several chapters in this thesis to explain the steps taken, as it is
used in the following to explain the steps in the current cycle.
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5.1.2 This chapter: From Values to Social Activity and Sensory-Motor Activity
The current research-through-design cycle aims to develop a language
for designing behaviour in interaction for eliciting values. The question at the
outset was where to start. I decided to start by analysing actual behaviour
that aimed at eliciting values in interaction. There were no intelligent, behaving products yet explicitly designed to elicit values in interaction. I asked
professional dancers to take on the role of intelligent lamps in an experiment, called Light Dancer. In this experiment the dancers acted out intelligent lamps, and used their bodily and social skills to elicit values in interaction with participants. So for example, a dancer received the assignment to
elicit the value Creativity in interaction (to make the participant behave and
feel creative). The dancers held an object that gave light, and had to use their
body and their ‘social intelligence’ to do the rest. The participants were asked
to use the dancer-lamps to create reading light. Afterwards they completed
an evaluation form. (A more detailed explanation of the experiment set-up
follows in this chapter.) The task for the dancers in this experiment is schematically represented in Figure 5.2.
Three different perspectives are present in the framework depicted in
Figure 5.2. The top row is the Value perspective. This way of characterizing
behaviour is crucial to the current thesis: Inviting behaviours that correspond to values is a main goal of this thesis. The bottom row is the SensoryMotor Activity perspective. This perspective views the behaviours in terms of
physicality, that is, the way the person and product use their sensory-motor
system in their behaviours. The middle row is the Social Activity perspective.
It describes the behaviours in social terms. (Since values are social concepts,
they theoretically also reside in the Social Activity level. This is however not a
problem for the current use of the framework, because it is not an ontological model about behaviour in interaction. It is a tool for analysis and synthesis of behaviour in interaction, and helps explain the Light Dance experiment
and subsequent steps in this research.) The target value of the interaction is
in the top right: The person should behave according to the target value.
The task of the dancers was to behave in such a way that their target
value was elicited. The question marks indicate that the dancers needed
to find how to behave socially (Social Activity level) using their bodily skills
(Sensory-Motor Activity level). The dancers also had to consider the way the
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Figure 5.2: The Light
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participants reacted socially to their behaviours (right column, second row),
and they had to make sure the person’s social behaviour matched the target
value (top right). Analysis of this experiment showed that a number of the
dancer-lamps succeeded in eliciting their target values.

5.1.3 Chapter 6: Dynamic Form
Chapter 6 elaborates on the new perspective on behaviour, that of Dynamic Form (Figure 5.3). Dynamic Form is a design perspective rooted in the
Pragmatist Aesthetics approach of this thesis. Form in the dynamic sense is
an inherent part of Aesthetic Interaction. This Dynamic Form perspective
should help translate the Light Dancer interactions (or any other human – intelligent product interaction) into a format that is tailored to design for Aesthetic Interaction. And it should help implement behaviours in design of an
intelligent product or system. In this thesis, Dynamic Form serves as bridge
between the Social Activity level and the Sensory-Motor Activity level.
The question is: What is Dynamic Form ‘made of’? Chapter 6 presents the
‘Interaction Quality Framework’. This framework contains the elements of a
Dynamic Form language. It consists of a selection of elements from Movement Analysis theory. A strength of these Dynamic Form elements is that
they offer connections to both the Social Activity level and the Sensory-Mo-
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Figure 5.3: Dynamic Form
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tor Activity level. These connections are at the heart of Pragmatist Aesthetics:
Form, physicality and sociality are intertwined in Pragmatist Aesthetics. The
Interaction Quality Framework discerns Dynamic Form of the person (Person
Dynamic Form), the product (Product Dynamic Form) and the unity between
person and product (Unity Dynamic Form). The Unity category addresses the
Dynamic Form of the interaction between person and product.

5.1.4 Chapter 7:Towards Dynamic Form design criteria
In chapter 7, Dynamic Form was specified in relation to values. The palette of Interaction Qualities was used to define the most successful dancerlamp behaviours in terms of Dynamic Form. So the dancer-lamp behaviours,
which were previously viewed on the Social Activity level and Sensory-Motor
activity level were translated into Dynamic Form (Figure 5.4). This step was
conducted through a rating experiment. In this rating experiment, designers
used the Interaction Quality Framework to analyse the selected interactions
of dancer-lamps and participants in terms of Dynamic Form for Product, Person, and Unity. This rating experiment also served as a validation of the In-
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Figure 5.4: The interactions
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teraction Quality Framework. A calculation of Inter-rater reliability indicated
how well defined the ‘language’ described in the Interaction Quality Framework is. In the second part of chapter 7, the results of the rating experiment
were translated into Dynamic Form design criteria. In other words, the Dynamic Form of the dancer behaviours in the Light Dancer experiment were
turned into a blueprint for design. This specification is the starting point of
the next research-through-design cycle in which this Dynamic Form is implemented in the design of intelligent lamps.

5.2 About this chapter

T

he first step in the research-through-design cycle was the Light Dancer
experiment. Professional dancers acted out intelligent reading lamps and
used their social and bodily skills to elicit values in interaction with participants. (These dancers acting out lamps are henceforth called dancer-lamps.)
These dancer-lamp behaviours were evaluated in an experiment by participants. The experiment served two goals. One goal was to produce intelligent
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behaviours in interaction for eliciting values. These behaviours in interaction
served as the ‘content’ that was analysed in this research-through-design cycle. The other goal was to help select the best content. It provided a first
evaluation of these behaviours in terms of successfulness in eliciting values.
The dancers in this experiment were professional improvisational dancers, specialised in modern dance. Such dancers are trained to use their body
aesthetically and expressively. In their work, they need to be sensitive to other dancers, or even the audience, and adapt to them to be able to create a
common expression on stage. Their bodily expressive and adaptational skills
made these dancers pre-eminently suitable to act out the intelligent reading
lamps in this experiment. The choice for ‘the intelligent reading lamp’ as the
design topic had several reasons. Light is an expressive and versatile medium
and it has social relevance in the home context. It also fitted in with the focus
on light in the other research-through-design cycles.
Section 5.3 describes the design of the Light Dancer experiment and section 5.4 treats the results of this experiment. This includes a description of
dancer behaviours in interaction and an analysis of the participants’ evaluation forms. The chapter ends with a conclusion and discussion section (section 5.5). The experiment was conceived and conducted in close cooperation
with Ir. Sietske Klooster (Klooster & Overbeeke, 2005), and benefited greatly
from the suggestions of participating dancer Angelina Deck.

5.3 Experiment set-up

T

he experiment spanned one whole day and consisted of two parts. In the
morning, the dancers created their behaviours and tested them on each
other. In the afternoon, participants came in, interacted with the dancerlamps, and filled in a form to characterize these interactions. The following
sections describe the two parts of the experiment.

5.3.1 Part 1: Creating the behaviours
Four professional dancers, specialized in improvisational modern dance
participated in the experiment. Two were male, two were female. All dancers
were in their mid-twenties.
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Step 1: Schwartz Value Survey
The dancers completed the Schwartz Value Survey at home, before the experiment. This got the dancers acquainted with the set of values.
Step 2. Introduction and explanation of assignment
The morning session began with a short explanation of the research context,
the goal of the workshop, and an introduction to human values. The assignment and the day program were explained as follows (literal instructions that
were read out):
‘Become an interactive living room lamp with your body. Imagine somebody
wants you to light up the room. Try to tempt this person to pursue a goal or
end-state that corresponds to a specific value, through your attitude and the
way you respond to that person when he interacts with you. For example,
how do you tempt somebody to be (or become more) helpful, authoritative, creative, etc? You will have to improvise, since you do not know exactly
what somebody will do. But in everything you do, keep in mind what you
want the other person to do and feel. Use your body for interaction, instead
of speech. Use the available light objects, like the dimmable light sphere. In
Part 2, people with different value priorities are asked to interact with you.
For example, one person might value authority well above obedience, while
the next would do the opposite. Try to remain the same lamp, although the
various people interact with you differently.’
Step 3: The dancers prepare their behaviour strategies
Each dancer was assigned two values, and was teamed up in pairs. The dancers started with a warming up. During the rest of the morning, the dancers
created and tested their ‘behaviour strategies’ on each other (Figure 5.5). This
was when they created and fine-tuned their behaviours on the Social Activity and Sensory-Motor level for eliciting their target value. The dancers used
Figure 5.5: On the left a dancer rehearses his strategy
to incorporate the value Pleasure in Aesthetic Interaction. The light object is attached to his right hand. He
adjusts the light’s brightness using his thumb, which
does not interfere with the expression of the rest of
his body.
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a light object, designed for this experiment. This object was intended to feel
like part of their body. It was attached to the hand with an elastic band, and a
slider allowed easy control of the light intensity with the thumb.
The set of values assigned to the dancers, eight in number, was intended
to span all four quadrants of the value structure. The number was based on
the amount of dancers, the limited time they had to create their behaviours,
and the logistics of the experiment in the afternoon. Each dancer was assigned two values with large mutual contrast. This contrast was intended to
help their design process, since this enabled them define one behaviour in
terms of contrast with the other. The set of values consisted of the following
items: (literal descriptions from the Schwartz Value Survey):
Dancer 1:
• Social power (control over others, dominance)
• Helpful (working for the welfare of others)
Dancer 2:
• Capable (competent, effective, efficient)
• Honest (genuine, sincere)
Dancer 3:
• Creativity (uniqueness, imagination)
• Humble (modest, self effacing)
Dancer 4:
• Pleasure (gratification of desires)
• Sense of belonging (feeling that others care about me)
Values were included that seemed particularly suitable for the home context, like Sense of belonging and Pleasure, but also less obvious values, like
Honest and Humble. Figure 5.6 shows the positions of these values in the
structure.
Step 4: Presentation and video documentation of behaviour strategies
The morning session ended with a presentation of each dancer’s behaviour
strategy for eliciting their two assigned values in interaction. The dancers
acted out these behaviour ‘designs’ on each other. The dancers were asked
to explain why they behaved the way they did (Social Activity level explanation) and how they used their body in their behaviours (Sensory-Motor level
explanation). These dancers-lamp behaviours in interaction and their explanations were documented on video.
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Figure 5.6: The Light Dancer experiment target values positioned in the value structure.

5.3.2 Part 2:The evaluation session
In the afternoon session, eight participants were asked to interact with
the dancer-lamps. These participants all completed the Schwartz Value
Survey and had diverse value priorities. There were two persons in each of
the four value quadrants. A person was placed in a value quadrant when
their high priority values clustered in that quadrant. The group consisted
of 5 males and 3 females aged between 25 and 65. Professions included a
manager in an industrial company, a sculptor, a sustainable development
engineer, two housewives and students of physical education, mechanical
engineering and physics.
Step1: Introduction
The participants received a short and general introduction to design research at the department of Industrial Design, and a brief introduction to
human values, without giving away the experiment’s research question. The
program of the afternoon was outlined subsequently.
Step2: Getting acquainted with dancer interaction workshop
Before the participants interacted with the dancers, they received a try-out
workshop from Sietske Klooster. In this group workshop, they got used to
the idea of interacting with a dancer, using their own and the dancer’s body,
without using speech. Klooster first did elementary movement exercises with
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the participants to get them in a ‘physical movement state’. Then Klooster
asked each participant to interact with her as if she was an interactive object. The participants were considered ready for the experiment when they
overcame the inhibitions to use their body to make Klooster move. This point
was marked by the moment the participants stopped talking and interacted
exclusively physically.
Step 3: Interacting with the dancers
The dancers acted out their behaviours in four different rooms that contained
furniture and plants to create a living room like context. (See Figure 5.7.)
The participants visited each room twice. Each time they visited a room,
a dancer-lamps tried to elicit another value in interaction. This made a total
of 8 x 8 = 64 interactions that occurred on the experiment day. See Figure 5.8
for a scene of the experiment.
The participants received the following instructions (literal text as read
out to them):
‘Imagine the following: You just had dinner at the kitchen table. You decide to move to the living room, where it has become dark during dinner.
You want to read a magazine on the couch. Use the standing lamp to
create the light and the atmosphere in the living room you would like for
reading the magazine. You can try anything, except speech and violence.
You will be asked to interact with eight different lamps. Each time you’ll
be asked to evaluate your interaction on an evaluation form.’

Figure 5.7: One of the four rooms in

Figure 5.8: A scene from the experiment. The dancer-

which the experiment took place.

lamp on the left tries to elicit the value Humble.
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Step 4: Evaluation form
After each interaction, the participants filled out the evaluation form. This
form consisted of four parts:
1. Participants indicated what their mood was during interaction through
‘Self Assessment Maniken’ (SAM) scales. SAM scales, developed by Lang
(1985), use images of emotions, combined with words. They measure Valence, Arousal and Potency (the feeling of control over the situation).
2. Participants filled in value scales. These scales asked to what extent the
participants felt they behaved according to the eight values that were
targeted by the dancer-lamps. The eight scales in this question were formulated like the following example:
Use a mark to indicate how accurate the following statements describe your feeling while interacting with the lamp:
I felt humble (modest, self effacing)

1

2

3

4

5

3. The third part of the form consisted of four 5-point scales that asked
whether the interaction:
• fits the participant
• is considered beautiful or ugly
• is considered morally good or bad
• is considered easy or difficult
4. The fourth part was a space reserved for any comments participants felt
they needed to give related to the experiment.
See Appendix 5.A for an English translation of the Dutch evaluation form.

5.4 Results

A

s mentioned earlier, this experiment served two related purposes. One
was to provide intelligent behaviour that served as the ‘content’ that was
analysed in this research-through-design cycle. The other was to evaluate
this content in terms of how successful it was in eliciting values. In line with
these two goals, the results of this experiment are treated here in two ways.
First, a selection of the dancer behaviours is described in words and images.
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Secondly, the dancer behaviours are evaluated, by means of analysing the
interaction evaluation forms.

5.4.1 Dancer behaviours in interaction
During the morning session, the dancers created and rehearsed their behaviour in interaction strategies. They defined these strategies on the Social
Activity level (how they intended to behave socially and how this could lead
to eliciting a value at the Person side) and on the Sensory-Motor level (the
way they intended to deploy their body in interaction). In the afternoon session, the dancers deployed these strategies. In this section, three resulting
behaviours in interaction are described using scenes from the experiment.
The three strategies treated here were created for the values Creativity, Helpful and Social Power. (These three behaviours are selected because they
were most successful, according to the value scale ratings on the evaluation
forms.)
Eliciting the value Creativity in interaction
The dancer targeting Creativity in interaction offered a playful puzzle
like interaction. The participant had to use Creativity to try out the lamp and
create a good amount of light on the right place for reading. Figure 5.9 describes the dancer-lamp behaviour in brief with words and images, touching
upon the Social Activity and Sensory-Motor level.

1

2

1. The dancer-lamp awaits the participant
2. The participant tries to adjust the dancerlamp by pulling on the left arm, which does
not work. The dancer-lamp gives a playful
hint by wiggling the fingers of her left hand.
3. The dancer-lamp moves when the right

3

4

arm is manipulated. It mirrors every move
made on the right arm with the left arm.
4. After puzzling for a while, the participant
finds how to bend the dancer-lamp’s hand
to switch the light on. The dancer-lamp is
now set up for reading.

Figure 5.9: The dancer-lamp on the right tries to elicit Creativity in interaction by offering a
playful puzzle-like interaction.
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1

1. The dancer-lamp (right person)

2

lights the ground before the steps
of the participant, anticipating
where he is going.
2. The posture of the dancer-lamp
(left person) is slightly bent down.
It allows easy adjusting.

3

4

3. The dancer-lamp automatically
highlights the magazines when
the participant reaches out to
select what to read.
4. The dancer-lamp follows the
gaze of the participant with its
spotlight.

Figure 5.10: Scenes from the experiment show how the dancer-lamp (the dancer in black)
tries to incorporate the value Social Power in interaction for the participant.

Eliciting Social Power in interaction
Figure 5.10 shows scenes from the experiment in which the dancer-lamp
tried to elicit Social Power in interaction with the participants. The dancerlamp’s Social Activity level strategy was to make the participant feel powerful by taking on a humble attitude, like a servant. The dancer-lamp tried to
continuously anticipate the actions of the participant and to create optimal
lighting on the magazine for reading. During the entire interaction, the lamp
took on a slightly bent posture, to physically remain subservient.
Eliciting the value Helpful in interaction
Figure 5.11 shows how the dancer-lamp elicited helpful behaviours in
interaction.
Relational behaviour
During the experiment, the dancers did not perform their actions according to a fixed scenario, like they would in a fully choreographed solo
performance. They had to adjust their actions to the actions of the participants. So much of their behaviour took shape in relation to the actions of the
participants. For example, the dancer targeting Social Power adjusted his position, his posture and his lighting direction to how the participant wanted
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1

2

1. The participant (stands in front of the
dancer-lamp in this picture) reaches for
the light to try to switch it on.
2. The dancer-lamp drops its light object,
which now hangs loosely from its arm.
3. When the participant tries to reinstall
the light object, the dancer-lamp becomes

3

4

unstable. The participant helps keep it
standing.
4. The dancer-lamp finally stands after a
series of near breakdowns.

Figure 5.11: Scenes of the experiment in which the dancer-lamp tries to elicit the value
Helpful in interaction.

to sit. And the dancer targeting Creativity, adjusted the amount and timing
of the hints she gave to the rate of progress of the participants. So this relational aspect was an essential part of their behaviour. The dancers called this
combination of having a blueprint and still being flexible enough to respond
to the other person in interaction ‘structured improvisation’.

5.4.2 Analysis of evaluation forms
The analysis of the evaluation forms is explorative: No prior hypotheses
are formulated. The following four questions are relevant to the analysis:
1. Were the dancer strategies effective in eliciting the values they target?
The Value scale scores are analysed for this question.
2. Did these strategies have an effect in terms of the SAM scales (Valence,
Arousal and Dominance)?
3. Was there a difference per dancer-lamp in experienced beauty, usability,
identification (fits me scale) and moral goodness? (Evaluation scales)
4. Did a systematic relation exist between the value priorities of the people interacting and the scores they gave on the evaluation scales? This
question is tackled by coupling the Schwartz Value Survey scores of the
participants to the form data.
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1. Were the dancer strategies effective in eliciting values they target?
An 8 (Scale) x 8 (Lamp) repeated measures ANOVA was performed on
the value scale scores, to see if the dancer strategies made a difference in
terms of value-relevant interaction. Results of the analysis are reported in
Table 5.1. (Despite large standard deviations, equality of variance can be
assumed.) A significant main effect was obtained for Scale, F(7, 448) = 3.5,
p < .001, and for Lamp, F(7, 448) = 2.6, p < .01; the interaction effect was not
significant, F(49, 448) = 1.1, ns. Results of a LSD test on the variable Scale
indicated that all scales have mean scores that differ significantly (at the .05
level) from at least one and maximally five other scale’s mean scores. Additionally, the same analysis performed on the variable Lamp revealed that 6
of 8 dancer-lamps have mean scores that differ significantly (at the .05 level)
from at least one and maximally three other lamp’s mean scores. The mean
scores of the dancer-lamps Honest and Sense of Belonging have no significant differences with the mean scores of other dancer-lamps. See Appendix
5.B for graphs of all mean scores for all dancer-lamps on all value scales, including the standard deviations.
Table 5.1: ANOVA with the value scale scores as dependent variable, and the eight dancerlamps (‘Lamp’) and the eight value scales (‘Scale’) as independent variables.
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Intercept

1451.3

1

1451.3

869.2

0.001

Scale

40.7

7

5.8

3.5

0.001

Lamp

30.1

7

4.3

2.6

0.013

Scale * Lamp 87.9

49

1.8

1.1

0.345

Error

748

448

1.7

Total

2358

512

R Squared = 0.175 (Adjusted R Squared = 0.059)

These findings demonstrate that the value scales measure different aspects of interaction and that the dancer-lamp behaviours influenced the ratings on the value scales. The ratings however do not allow conclusions on
the level of single value scales related to the dancer-lamps. The interaction
effect of Scale x Lamp is not significant at the 0.05 level.
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Figure 5.12: Plots of the mean scores on the value structures for four dancer-lamps’. The darker
a dot, the higher the mean rating. The scores for the dancer-lamps eliciting Social Power, Helpful and Creativity show clusters of high means (indicated by circles), while the means of Capable are less coherently spread over the structure.

Conclusions about individual scales related to the dancer-lamps cannot
be drawn. But analysing the pattern of scores on all eight value scales in relation to the dancer-lamps provides useful insights. Value theory teaches that
all values are part of a motivational continuum. It is therefore meaningful to
analyse the scores on the value scales as a related whole, instead of treating
each value scale separately. The plots of the value scale scores of the separate dancer-lamps on the value structure shows that, for some dancer-lamps,
the mean ratings form clusters (Figure 5.12).
Similar to the Personality in Interaction Film Clip experiment, the dancerlamps do not elicit specific isolated values in interaction, but a range of compatible values. These clusters indicate whether the scores on the eight value
scales follow the pattern that theory predicts. If a target value is truly elicited,
there should be a systematic relation of the score on the target value scale
and the scores on the other value scales: The scores on the scales with compatible values should have high scores, and the scores on the scales with less
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compatible and conflicting values should have lower scores. Visual inspection of the value score plots shows that three of eight dancer-lamps have
such clustered ratings, i.e., the dancer-lamps targeting Social Power, Helpful
and Creativity. The target values are not exactly the centre of these clusters,
but they are close. The clustering and the location of the clusters indicate
that these three dancer-lamps were successful in eliciting their target values.
Similar to the Film Clip experiment analysis, a rank order analysis helps quantify how well the actual scores fit the pattern expected from theory. Table 5.2
shows the correlation coefficients of the rank orders based on theoretical
pattern of value compatibility and the rank orders of participant scores on
the value scales.
Table 5.2: Correlation coefficients between the theoretical rank orders and the rank orders from
scoring (all N=8)

Correlations – Kendall’s tau
Dancer-lamp targeting
Helpful
Dancer-lamp targeting
Capable
Dancer-lamp targeting
Creativity
Dancer-lamp targeting
Honest
Dancer-lamp targeting
Sense of Belonging
Dancer-lamp targeting
Social Power
Dancer-lamp targeting
Humble
Dancer-lamp targeting
Pleasure
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Correlation Coefficient

0.500

Sig. (2-tailed)

0.083

Correlation Coefficient

-0.357

Sig. (2-tailed)

0.216

Correlation Coefficient

0.571

Sig. (2-tailed)

0.048

Correlation Coefficient

0.286

Sig. (2-tailed)

0.322

Correlation Coefficient

-0.286

Sig. (2-tailed)

0.322

Correlation Coefficient

0.571

Sig. (2-tailed)

0.048

Correlation Coefficient

-0.286

Sig. (2-tailed)

0.322

Correlation Coefficient

0.286

Sig. (2-tailed)

0.322
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The table shows that also in this rank order analysis, the three dancerlamps targeting Social Power, Helpful and Creativity stand out. The correlation coefficients of the rank orders from theory and scoring for these dancerlamps are highest: The one targeting Creativity has a significant correlation
coefficient of 0.571, Social Power has 0.571 and Helpful has 0.500. These are
the highest correlations. Two of them are significant at the 0.05 level. One of
at them is significant at the 0.1 level (2-tailed). This indicates that these three
dancer-lamps indeed elicited interactions relevant in terms of values.
For these three dancer-lamps, an 8 (Scale) x 3 (Lamp) repeated measures ANOVA was performed on the value scale scores. Results of this analysis
are presented in Table 5.3.
Table 5.3: ANOVA with the scores on the value scales as the dependent variable, and the three
dancer lamps (targeting Social Power, Helpful, and Creativity) and the value scales as independent variables.
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Intercept

577.5

1

577.5

327.1

0.001

Scale

28.9

7

4.1

2.3

0.026

Lamp

14.8

2

7.4

4.2

0.017

Scale * Lamp

51.1

14

3.6

2.1

0.016

Error

296.6

168

1.8

Total

969.0

192

R Squared = 0.242 (Adjusted R Squared = 0.139)

A significant effect is obtained for Scale, F(7, 168) = 2.3, p < .026, and for
Lamp, F(2, 168) = 4.2, p < .017. The interaction effect is significant F(14, 168)
= 2.1, p < 0.016. Results of a Dunnett T3 test on the variable Lamp indicated
that significant differences of p < .05 or better occurred between the means
of the dancer-lamps targeting Helpful and Creativity. (Note: Homogeneity of
variance could not be assumed. Non-parametric test, the Friedman Two-way
Analysis of Variance by Ranks and Kruskal-Wallis tests were performed on the
value scale scores, with the same results in terms of significant effects.)
In conclusion, the analysis of the forms indicates that the three dancerlamps targeting Social Power, Helpful and Creativity are successful in elicit-
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ing their target value. The high scores on the value scales follow the pattern
expected form theory, and are located around the target value.
2. Did the dancer strategies have an effect in terms of the SAM scales?
Figure 5.14 shows the mean scores on the SAM scales for all eight dancer-lamps in two graphs. Visual inspection of the graphs indicates that the
ratings of the dancer-lamps targeting Helpful and Social Power are at the
extremes, while the others have more neutral ratings. The dancer-lamp eliciting Creativity has the most outspoken ratings in this group of six. The one
targeting Social Power elicits extremely positive valence, while the one targeting Helpful elicits extremely negative valence. An 8 (Lamp) x 3 (Scale) repeated measures ANOVA was performed on the SAM scale scores. Results of
this analysis are presented in Table 5.4. The main effect for Lamp, F(7, 168) =
0.2, ns, and Scale, F(2, 168) = 1.7, ns, were both not significant at the .05 level.
The interaction effect was significant, F(14, 168) = 4.2, p < .001. The conclusion is that the dancer strategies indeed had an effect in terms of the SAM
scale scores. Especially the dancer-lamps targeting Helpful and Social Power
received a different pattern of scores across the three SAM scales.

Helpful
Capable

Creativity
Social Power

Dancer-lamp:

8

8

7

7

Estimated Marginal Means

Estimated Marginal Means

Dancer-lamp:

6
5
4
3

Honest
Sense of Belonging

Humble
Pleasure

6
5
4
3
2

2
Arousal

Potency
SAM scale

Valence

Arousal

Potency
SAM scale

Valence

Figure 5.13 Plot of the mean scores of all eight dancer-lamps on the SAM scales Arousal,
Valence and Potency. The SAM scale scores 1 - 9 correspond to low – high Arousal, negative
– positive Valence and being controlled – being in control.
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Table 5.4: ANOVA with SAM scale scores as the dependent variable, and the lamps and the
SAM scales as independent variables.
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Intercept

5166.8

1

5166.8

1058.9

0.001

Lamp

7.4

7

1.8

0.2

0.981

Scale

17.0

2

8.5

1.7

0.179

Lamp * Scale

287.1

14

20.5

4.2

0.001

Error

819.8

168

4.9

Total

6298.0

192

R Squared = 0.275 (Adjusted R Squared = 0.176)

3. Was there a difference per dancer-lamp in experienced beauty,
usability, identification (Fits me scale) and moral goodness (Evaluation
scales)?
Figure 5.14 shows how all four scales are rated for each of the eight
dancer-lamps. The graph shows that one targeting Social Power received the
most positive scores on all four scales and that the dancer-lamp targeting
Helpful received the most negative scores.
Helpful
Capable

Creative
Social Power

Honest
Sense of Belonging

7

7

6

6

Estimated Marginal Means

5
4
3
2

Humble
Pleasure

5
4
3
2

Ugly-Beautiful

Does not fit
me -Fits me

Ugly-Beautiful

Does not fit
me -Fits me

Difficult-Easy

Bad-Good

Difficult-Easy

1

1

Bad-Good

Estimated Marginal Means

Dancer-lamp:

Figure 5.14: Plots of the mean scores of the four evaluation scales from each of the eight
dancer-lamps.
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An 8 (Lamp) x 4 (Scale) repeated measures ANOVA was performed on the
evaluation scale scores. The results of this analysis are reported in Table 5.5. A
significant main effect was obtained for Lamp, F(7, 224) = 15.6, p < 0.001; the
main effect for Scale, F(3, 224) = 0.6, ns, and the interaction effect, F(21, 224)
= 0.6, ns, were not significant.
Results of a post-hoc LSD test on the variable Lamp indicated that the
scores from both the dancer-lamps targeting Social Power and Helpful differ
significantly from all others. Furthermore, the scores from the dancer-lamp
targeting Creativity differ significantly from the scores from five out of seven
other dancer-lamps. The other five dancer-lamps, targeting Capable, Honest, Sense of Belonging, Humble and Pleasure, each have scores that differ
significantly from the scores of 3 or 4 other dancer-lamps.
Table 5.5: ANOVA results with scores on the four evaluation scales as the dependent variable,
and Lamp and Scale as independent variables.
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Intercept

4249.4

1

4249.4

1357.1

0.001

Lamp

342.6

7

48.9

15.6

0.001

Scale

5.6

3

1.9

0.6

0.620

Lamp * Scale

38.0

21

1.8

0.6

0.931

Error

701.4

224

3.1

Total

5337.0

256

R Squared = 0.355 (Adjusted R Squared = 0.266)

It is striking that there is not any significant difference between the four
evaluation scales per dancer-lamp. This might be a manifestation of to kalon,
the inextricable link between the good and the beautiful. In this case, two
other factors are highly related to the good and the beautiful, namely the
experienced ease of use and identification.
4. Did a systematic relation exist between the value priorities of the
people interacting and the scores they gave on the Evaluation scales?
The number of participants per value quadrant was too small to tackle
this question quantitatively.
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Conclusion and discussion of quantitative analysis
Visual inspection of the value scores, represented on the value structure
indicates that for three of eight dancer-lamps (targeting Social Power, Helpful and Creativity) the high scores are concentrated around an area close to
the target value. This is an indication of the success of the dancer strategies,
since the pattern of scores on the scales it is in line with value theory. More
detailed quantitative analysis of these data is not meaningful, because the
standard deviations are too large in relation to the score range. This may
be a result of the small number of participants, the low resolution of the 5point scales, the terms used to create the scales, or the inherent difficulty
and vagueness of describing an interaction in terms of values. It is however
clear from the ANOVAs that the dancer-lamp behaviours made a difference
in terms of elicited values, and in terms of the SAM scales. The dancer-lamps
targeting Social Power and Helpful differed strongly in the Valence, Dominance and Arousal they elicited in interaction. The four Evaluation scales are
strikingly similar in the way they are scored for the separate dancer-lamps.
Selection
The analysis of the forms indicates that three dancer-lamps succeeded
to elicit their target values. The three target values are spread out over the
structure: Social Power is in the Self-Enhancement quadrant, Helpful is in the
Self-Transcendence quadrant, and Creativity is in the Openness to Change
quadrant. The dancer-lamp targeting Helpful has a lower correlation coefficient in the rank order analysis (Table 5.2) than the other two dancer-lamps.
However, the high contrast of this dancer-lamp with the one targeting Social
Power on the SAM and evaluation scales give an extra reason for adding it to
the selection. Although a dancer-lamp successfully eliciting a value (range)
in the Conservation quadrant is missing, the three successful dancer strategies form a good starting point for the rest of the research-through-design
cycle.

5.5 Light Dancer experiment conclusion

T

he goal of this experiment was to provide evaluated ‘content’ for this research-through-design cycle, namely intelligent behaviours in interaction
that elicit values. In terms of the Perspectives Framework (Figure 5.15) the
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Figure 5.15: Eliciting values in
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following happened. The dancers were asked to create behaviours in interaction using their social and bodily skills (Product column). These behaviours
invited specific social behaviours from the participants (crossing the Social
Activity row horizontally). From the Value perspective, this invited behaviour
was intended to correspond to a specific target value (arrow up to the Value
level).
The dancer behaviours targeting Social Power, Helpfulness and Creativity
managed to elicit their target value. This result is satisfying, especially considering the uncertainty inherent to ‘crossing’ from Product behaviour to Person behaviour. The fact that the other five dancer-lamps were less successful
is not a problem. It is understandable given the difficulty of the dancers’ task,
and the fact that it was the first time they did such an experiment. The three
selected behaviours, targeting Social Power, Helpfulness and Creativity, provide good material for continuation of the research-through-design cycle.
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6.1 About this chapter

A

n essential characteristic of intelligent products and systems is that they
portray behaviour in interaction. This means that design has to somehow
incorporate the dynamics of this behaviour in the design process. Design
needs a form language that goes beyond the ‘traditional’ static form that
includes aspects like, e.g., physical shape, colour and texture. Design of behaving, intelligent products and systems needs a language of dynamic form.
Such dynamic form is also an essential part of Aesthetic Interaction, in the way
that it is conceptualised in this thesis (see the principles of Aesthetic Interaction outlined in chapter 3). In search of this design language for behaviour in
interaction, the current chapter introduces the Dynamic Form perspective,
and the Interaction Quality Framework. This Interaction Quality Framework
contains the basic elements Dynamic Form is ‘made of’. This thesis’ concept
of Dynamic Form is a specific language of dynamic form that helps ‘bridge’
the Sensory-Motor Activity level and Social Activity level in design.
The Light Dancer experiment produced intelligent behaviours in interaction that elicited values. We would like to learn from these behaviours
and to translate these behaviours in interaction in a format that is tailored
to design for Aesthetic Interaction. The dancers defined their behaviours on
the Social Activity level and the Sensory-Motor Activity level. They created a
combined social and physical strategy to elicit values. But what if we want to
apply these Social Activity level and Sensory-Motor level strategies in design
of intelligent products and systems?
The Social Activity level strategy is formulated in terms that are very ‘highlevel’ and general. If we want to implement such a strategy in a product, we
need to map them onto a product’s Sensory-Motor Activity system. The Sensory-Motor Activity level is the ‘low-level’ implementation level. To go from
the Social Activity level to the Sensory-Motor level is a giant leap for design.
This presents a serious mapping problem.
Working directly from the Sensory-Motor Activity level also causes difficulties. The sensory-motor systems of the dancers are their bodies. The Sensory-Motor level descriptions of their behaviours apply to how they use their
specific bodies. The intelligent product or system we would like to design
most probably has an entirely different body, with an entirely different sensory-motor system. This means a description of what the dancers do on the
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Figure 6.1: The current
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Sensory-Motor level is not of much use for implementing the ‘essence’ of a
social behaviour in an intelligent product or system.
This chapter introduces the Dynamic Form perspective (Figure 6.1) to
help cope with this mapping problem in design of behaviour in interaction.
The Dynamic Form perspective connects to both the Social Activity level and
the Sensory-Motor Activity level, and helps bridge the gap in between.
The question is: What do we see when we look at behaviour from a
Dynamic Form perspective? This chapter presents the Interaction Quality
Framework. This framework contains elements that ‘populate’ the world of
Dynamic Form. In other words, it defines the elements of a design language
for behaviour in Aesthetic Interaction. These elements are selected for their
connection to both the Social Activity level and the Sensory-Motor Activity level. Section 6.2 describes the search for theory that could help build
the Interaction Quality Framework. The theory of choice is Laban Movement
Analysis, which is a theory for describing qualities of movements. Section
6.3 treats the selection process of form elements for the Framework. Theory
from social psychology is reviewed to test whether the form elements offer a connection to the Social Activity level, and a pilot design study checks
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whether the elements are useable in analysis and synthesis of behaviour. The
final Interaction Quality Framework is presented in section 6.4. Section 6.5
reflects on the Framework and how it came about.

6.2 Finding material for the Interaction Quality Framework

T

he form elements in the Interaction Quality Framework should help analyse and synthesise (design) behaviours in Aesthetic Interaction. These
form elements should offer a connection to the Sensory-Motor level (so that
they can be mapped to a product’s sensory-motor system). Furthermore, the
form elements should connect to the Social Activity level (they also should
allow a mapping to the social realm). This section treats the search for theory
that could provide form elements for the Interaction Quality Framework.

6.2.1 Dynamic form languages
Back in 1997, Leslie Vaughan introduced a set of four parameters for
synthesising emotionally expressive movements on the computer screen
(Vaughan, 1997): ‘Path (the line the object movement creates), Area (the use
of space by the object), Direction (the direction of the animation), Speed (the
speed and tempo of the animated object).’ Robert Young et al. (Young, Pezzutti, Pill and Sharp, 2005) developed Vaughan’s framework further by adding sub-parameters. For example, Forward-Backward, Up-Down and LeftRight were added to the parameter Direction. Young et al. also hypothesised
how the four main parameters could map to the expression of a moving
product. For example, they linked Area to the importance of a message. This
language can be characterised as quantitative, since it is defined in terms of
measurable units from physics (volume, speed, direction, path). The upside
of such a quantitative language is that it is very close to the language usually used in an implementation phase of intelligent product design, namely
programming. It is strongly related to the Sensory-Motor perspective, since
it describes so literally what happens physically. The downside of this language is that it has no close connection to the Social Activity level, they are
measures of physics, not of human expression.
Valentijn Visch (2004) used a set of five movement parameters to synthe-
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sise movements in an on screen 3D animated chase of two abstract blocks.
He investigated whether there is a relation between settings of these parameters and the way people experience the chase. He was specifically interested in the viewer’s genre impression, if people would perceive the scene
as non-fiction, drama, action or comical. He independently varied the five
parameters Ground Velocity, Route Efficiency, Detail (which was related to
the amount of velocity), Fluency and Body Proportion. Visch found significant relations between settings of the parameters and the genre impression
of the viewer. In the terminology of the current thesis, Visch managed to manipulate behaviours at the Social Activity level with his parameters. The parameters are however specified in a case specific way. The language needed
in the current thesis has to be richer and more generally applicable.
There are also more qualitative ways of describing movement. Young et
al. (Young, Pezzutti, Pill & Sharp, 2005) explored this kind of languages in
their search for a language applicable to design. They talked with experts
from dance, acting and puppetry. Young et al. found that most of these languages remain implicit and inaccessible, since they are intertwined with the
skills of the practitioners. But from the world of dance emerged an elaborated, qualitative language of movement: Laban Movement Analysis (Bartenieff & Lewis, 1980; Hackney, 1998; Laban & Lawrence, 1947). The following example, related to speed of movements, indicates the difference with
a quantitative language like Vaughan’s. In Laban Movement Analysis (LMA),
a movement is not characterised in terms of physical speed, but in terms
of whether the movement has a leisurely character, called Sustained, or an
urgent character, called Quick. This qualitative language is expectedly more
useful for developing the Interaction Quality Framework than a quantitative
language, since it holds concepts that are related more directly to aesthetics,
expression and social relevance. LMA has a connection to the Social Activity
level: The movement descriptions have a socially relevant dimension. Doing
something urgently or leisurely is relevant in social terms, for example. And
it has a connection with the Sensory-Motor level: LMA is devised to describe
physical movement and is therefore directly applicable to it. Additionally,
LMA is a very complete language that enjoyed years of development from
Laban and his students and colleagues.
LMA is entering the realm of human-computer interaction and humanproduct interaction design as well. For example, Jensen, Buur and Djajadin-
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ingrat (2005) use LMA elements as a way to articulate movement qualities for
analysing actions and designing for ‘rich actions’ in physical human-machine
interaction. Chi et al. (Chi, Costa, Zhao & Badler, 2000) use LMA to synthesize
gestures of an on-screen character that needs to look as natural as possible.
Jin Moen (2006) uses LMA in her research into the question how to give human movement a central role in human-product interaction. Sietske Klooster
applies elements of LMA in her Choreography of Interaction design approach
(Klooster & Overbeeke, 2005).
In conclusion, LMA was chosen to provide the building blocks for the
Interaction Quality Framework, because of the LMA elements’ connection
to both the Social Activity and Sensory-Motor Activity level, because of its
demonstrated use in creating aesthetic expressions, and because of its demonstrated use in other design research.

6.2.2 Main concepts in Laban Movement Analysis
Laban Movement Analysis is a rich set of elements that qualitatively describe movements. The movement language is relevant both from a mover
and a spectator point of view. This means it is used to analyse movements,
and to synthesise movements (for example a choreography). There are several variations in Laban Movement Analysis regarding terminology. The current
thesis uses definitions as described by Peggy Hackney (1998), with some additions from Imgrad Bartenieff (Bartenieff & Lewis, 1980). Laban Movement
Analysis has four basic components: Effort, Body, Space and Shape.
The movement component Effort describes what the dynamic quality of
the movement is, how the energy is used. Hackney describes it as ‘the feeling-tone, the texture’ of movement (Hackney, 1998, p. 219). Body describes
how the whole body is organised, which parts are moving, where movements initiate in the body and how they spread through the body. Space
gives information about the size of the personal movement sphere, and the
spatial organisation of the movements. The Shape component pertains to
the shape the body makes, and how this shape changes. The four components consist of many, more detailed movement elements. A selection of
these elements is treated in the next section, about constituting the initial
Interaction Quality Framework.
Each movement is a combination of Effort, Body, Space and Shape. These
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Figure 6.2: Schema of LMA components and their
organisation in Phrases and Activities (Adapted from
Effort

Space

Hackney, 1998, p. 217).

Shape

Body
MOVEMENTS
PHRASES
ACTIVITY

single movements are organised in Phrases and Activities (Bartenieff & Lewis,
1980, p. 71). A Phrase is an organisation of these single movements. It consists of a beginning, middle and end statement. One level up is Activity. An
Activity consists of one or more Phrases. For example, picking a flower is an
Activity that consists of several phrases: Kneeling down; reaching for the
flower and grasping its stem; tearing the stem off; and collecting it (Bartenieff & Lewis, 1980, p. 76). See Figure 6.2 for a schematic representation of the
basic components and their organisation.
In the current thesis, one single interaction is considered an Activity. For
example, one interaction of a participant and a dancer-lamp in the Light
Dancer study is considered an Activity.

6.3 Composing the initial Interaction Quality Framework

T

he basic components of LMA consist of an elaborate collection of movement elements. For two reasons, a selection needs to be made to determine which of these elements to include in the Interaction Quality Framework. Firstly not all LMA movement elements are relevant to the framework.
The movement elements included in the framework should offer a connection to the Social Activity level (have some social relevance) while still
keeping the relation with the Sensory-Motor Activity level (be applicable to
physical form). Secondly, some of the LMA elements are so detailed that their
use requires extensive training. The Interaction Quality Framework should
remain useable for designing without this extensive training.
This selection process involved the following steps:
1. I first participated in a movement workshop to get physically acquainted
with the basics of LMA. Movement specialists and researchers in the field
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(Young et al., 2005; Moen, 2006; Klooster & Overbeeke, 2005) stress that
experiencing the movement qualities through moving is a valuable addition to, and maybe an essential part of getting acquainted with the different movement components and elements. Sietske Klooster and dancer
Angelina Deck organised this workshop at Industrial Design TU/e.
2. Literature from social psychology, mainly the area of non-verbal interaction, was consulted to see whether a movement element has a sufficiently direct relation with social behaviour.
3. A pilot study was conducted using the Interaction Quality Framework for
analysis of behaviour in interaction (the interactions in the Light Dancer
experiment) and synthesis of behaviour (design of an intelligent lamp).
This pilot study demonstrated which elements were too detailed for efficient use in design by a designer with limited training in LMA.

6.3.1 The pilot analysis and design study
Before treating the actual selection process, a brief description of the pilot study is included here. This pilot study tested a preliminary Interaction
Quality Framework, both in analysis and in synthesis of behaviour in interaction. TU/e Industrial Design Master student Ralph Zoontjens conducted this
pilot study. It consisted of the following steps:
1. Analysis
A preliminary version of the Interaction Quality Framework was used to
do preliminary analysis of behaviours of four dancers (targeting Social
Power, Helpful, Creativity and Pleasure).
2. Synthesis
Two sets of design criteria were formulated with the results of the analyses: One for a lamp targeting Social Power and one for a lamp targeting
Helpful. An experiential prototype of a lamp was built. This lamp, called
Luxalive, portrayed behaviours in interaction according to the two sets of
behavioural design criteria (Figure 6.3).
The relevance of this pilot study to the current part of the research-throughdesign cycle was that it indicated which of the movement elements in LMA
were relevant and useable for the Interaction Quality Framework. This ‘usability’ depended on two aspects, i.e, whether using the movement element
in analysis was possible for a non-professional movement analysis (a design-
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Figure 6.3: The Luxalive lamp, designed by Master
student Ralph Zoontjens.

er with only introductory training in movement analysis) and whether using
the movement element in analysis did not take a disproportional amount
of time. By also implementing specific Interaction Qualities in a design,
Zoontjens also checked the use of the movement elements in design.

6.3.2 Selection of movement elements
This section lists all movement elements of the four components Effort,
Body, Space and Shape as described in Hackney (1998). The choice to select
or discard the element is explained for each of these elements. In some cases,
an extra movement element is devised by me and added to the framework
because of its expected relevance.
Effort
The Effort component describes the dynamic quality of movement,
how energy is used. Laban considered Effort the component that is most telling of the mover’s intentions; they are indicative of the state of mind of the
mover (Bartenieff & Lewis, 1980, p. 53). This is the link with the Social Activity
level. Effort has four factors: Time, Weight, Flow and Space. All four factors
are included in the Interaction Quality Framework. Each of the Effort factors
is defined by two polar elements, called Effort elements. Each of these polar
elements represents an extreme on a continuum. In the following, the four
Effort factors, and their Effort elements are briefly described in text and using keywords. The descriptions are based on Hackney and the keywords are
literally hers (Hackney, 1998, p. 219-221). The examples are citations from
Bartenieff and Lewis (1980, p. 51-56) unless indicated otherwise.
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Time Effort
Time pertains to the inner attitude of a person towards time. For example, the same two minutes can be approached as having two whole minutes
or as having only two minutes (Hackney, 1998, p. 220). It is not a measure
of how long it takes to do a movement. This is why the words ‘Quick’ and
‘Sustained’ are used rather than ‘slow’ and ‘fast’ to the describe the Time elements.
Time Effort

Effort Factor
Effort Element

Sustained

Quick

Keywords

leisurely

urgent

gradual

quick

Examples

lingering

instantaneous

prolonging

staccato

embracing a dear friend,

response to the unexpected,

prolonged farewells

such as the touch of fire

Weight Effort
Hackney discerns three types of Weight Effort: Active Weight, Passive
Weight and Sensing Weight. The Active Weight factor indicates how the
weight of the body is actively used, how the body weight is activated. Hackney also discerns the possibility to sense weight of the body instead of using
it. This is Sensing Weight. In Passive Weight, the force comes from gravity. It
is about surrendering to gravity. When Weight Effort is used without a prefix,
usually Active Weight is meant. Active Weight is most telling of a person’s
intentions in moving, and is therefore the only type of Weight Effort included
in the Interaction Quality Framework. In the current thesis, I refer to ‘Active
Weight Effort’ simply as ‘Weight Effort’.
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Weight Effort

Effort Factor
Effort Element

Light

Strong

Keywords

airy

powerful

Examples

delicate

forceful

fine touch

firm touch

buoyant

impactful

picking up a very small, delicate

smashing an object with a fist,

object; wiping tears from a

playing forte on a piano

child’s eyes

Flow Effort
Flow expresses the nature of the ‘goingness’, or continuity of the movement. It is the attitude towards tension and control in movements. Free Flow
represents movements that literally flow freely. Bound flow movements are
controlled. Laban associated Flow with feeling free or being careful (Bartenieff & Lewis, 1980, p. 53).
Flow Effort

Effort Factor
Effort Element
Keywords

Examples

Free

Bound

outpouring

controlled

fluid

careful

released

contained

liquid

restrained

swinging a heavy object before

gesture of cautious refusal, tight-

flinging it away, a child’s relaxed

ening one’s chest in a state of fear

whirling in delight

Space Effort
Space describes how the mover gives attention to space. It is not
about the place in space. In both Direct and Indirect Space there is active
attention. The difference is that Indirect Space is about giving attention to
multiple things at once.
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Space Effort

Effort Factor
Effort Element
Keywords

Indirect

Direct

multi-focused

single-focused

flexible attention

channelled

all-around awareness

pinpointed

all-encompassing

laser-like

Examples Gesturing to refer to an area in
which something is located.

Pointing at something specific.
Threading a needle. Describing

Scanning a room for keys (Chi et the exact outline of an object (Chi
al., 2000)

et al., 2000)

Levels for the Interaction Quality Framework
In the Interaction Quality framework, the Effort factors are included as
parameters with four levels, i.e., the two extremes, which are the two Effort
elements of each factor, a neutral level, and an alternating level. The neutral
level is for interactions that contain movements that are not outspokenly
one or the other extreme of an Effort Factor. The neutral level is common
in movement analysis. I added the alternating level specifically for interactions that consist of multiple Phrases. It is likely that two extremes of an Effort
element occur in different Phrases or even within a Phrase. The pilot study
confirmed the usefulness of an alternating level in the Interaction Quality
Framework.
Applying the previous to Flow Effort, for example, gives the following
levels: Free, Neutral, Bound and Alternating. If the movements of an interaction are mainly Free Flow, then the interaction is characterized as Free. If an
interaction contains movements that are neither clearly Free nor Bound, it is
characterized Neutral. If during the interaction both Free and Bound movements occur approximately an equal number of times, an interaction has an
Alternating Flow Factor. Each of the Interaction Quality Framework parameters can only have one of the available levels. This means that for each interaction, even if it consists of several phrases, the most characteristic level has
to be assigned to each parameter.

chapter 6

Body
The Body factor describes how the whole body is organised, which parts
are moving, where movements initiate in the body and how they spread
through the body. It consists of four factors:
• Body Attitude
• Active/Held Body Parts
• Initiation – Follow through
• Pattern of Total Body connectivity
Body Attitude is the ‘…maintained or habitual ‘stance’ of constellation of
body parts from which an individual moves and to which s/he returns…’
(Hackney, 1998, p. 219). This body stance is relevant in social interaction. The
semantics of body stance are extensively researched. Relations are found
between body stance and, for example, mood, dominance and culture (Matsumoto & Kudoh, 1987).
Active/Held Body Parts describes ‘[w]hich body parts are most active in this
person, and which body parts are frequently held, i.e., not actively participating in the movement’ (Hackney, 1998, p. 219). It is socially relevant which and
how many parts are used in social interaction. For example, one can nod to
point at something, or use the chain of shoulder-arm-hand-finger. The first
movements might seem less involved or interested than the latter. This factor is slightly simplified for the Interaction Quality Framework. Naming the
non-active, ‘Held’ body parts next to the active ones is too laborious and has
limited added value. The simplified parameter, called Body Parts Involved,
only states which body parts are actively involved in interaction. ‘Actively involved’ means that the body parts:
• cause the other to move, or
• are used to initiate movements, or
• are used by the other in interaction.
The factor Initiation - Follow Through relates to where in the body the
movements begin, and how they follow through in the process of completing a phrase. This parameters was discarded for three reasons. It was not
clear what the social relevance could be, it was hard to use in the pilot study
analysis, and its applicability in design was low.
Pattern of Total Body Connectivity is a set of six patterns that characterise
six ways of organising the body. Hackney (1998) couples these six patterns
to specific psychological states. This parameter was however discarded after

the interaction quality framework

129

130
the pilot study. The parameter was too detailed for use by a layman.
I devised an extra Body related parameter for the Interaction Quality
Framework: External Connections. External connections lists with which body
part one of the interactants touches the other. Touch is the physical way to
make contact in social conduct. It has strong social implications, since it affects our body directly.
Levels in the Interaction Quality Framework
The Body parameters included in the Interaction Quality Framework
require special ways of determining levels. Body Attitude is hard to describe
with a single term. In the Interaction Quality Framework, a schematic ‘stickfigure’ drawing represents the most characteristic body stance in an interaction. See Figure 6.4 for examples.
The Body Parts Involved and External Connections parameters use a list
of body parts, as specified by Bartenieff and Lewis (1980, p. 19):
Eyes - Head - Neck - Chest - Upper Spine - Shoulder Joint - Scapula - Arm Forearm - Wrist - Hand - Fingers - Lower Back - Lower Abdomen - Pelvis - Hip
- Thigh - Lower Leg- Foot.
The relevant body parts are listed for each parameter.
Space
The Space component contains information about the personal movement sphere of the mover and information about where these movements
are going spatially. Space has two main factors: Kinespheric Reach and Approach to Kinesphere. Kinespheric Reach pertains to the Kinesphere, which is
the personal movement sphere of a mover. This aspect relates to the socially
relevant phenomenon of personal space. Kinespheric Reach is the extent of
the reach of space around the body spanned by the movements:, or in other
words, ‘the distance that can be reached all around the body without taking
a step’ (Hackney, 1998, p. 223). Kinespheric reach has the levels Near, Middle,
Far. ‘Far’ are actions that take place at the maximum reach allowed by the

Figure 6.4: Examples of stick-figure drawings on the
parameter Body Attitude
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body. ‘Middle’ is at elbow distance away. ‘Near’ is when actions take place in
the zone nearest to the body. Kinespheric Reach is included in the Interaction Quality Framework.
The factor Approach to Kinesphere gives details about how movements
reveal the Kinesphere (Central, Peripheral or Transverse). This factor is considered too detailed to include in the Interaction Quality Framework.
Shape
This component describes the shapes the body makes, in relation to
itself and the environment and how these shapes are changing. Hackney
(1998) discerns the following factors:
• Basic Forms/Shapes
• Shape Flow Support
• Modes of Shape Change
• Shape Qualities
Basic Form/Shapes describes what basic forms the body makes when it is not
moving. It lists five basic forms (Pin, Wall, Ball, Screw and Pyramid). This factor
‘geometrically’ describes a number of still shapes of a body. It has no added
value for the Interaction Quality Framework when Body Attitude is already
included.
Shape Flow Support has the elements Growing - Shrinking, which pertains
to how the volume of the body changes, for example through breathing.
A person’s breath rate changes due to all kinds of factors that could relate
to socially relevant circumstances like fear or excitement. In the pilot study
however, this factor turned out too hard to discern in analysis of behaviour. It
is left out of the Interaction Quality Framework.
Modes of Shape Change ‘reveals an inner attitude about changing the
form of the body-whether the shape change is self-oriented or environmentoriented’ (Hackney, 1998, p. 221). It has the factors Shape Flow, Directional
Movement and Carving. Shape Flow represents movements that are done
for their own sake. Directional Movement stands for movements that are
goal-oriented. Carving is describing a shape in space. These three factors are
considered too detailed for the Interaction Quality Framework.
Shape Qualities gives information about shape change in relation to the
environment or an object in the environment. The Shape Quality Opening –
Closing is the most general way to characterise a shape change. Each move-
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ment opens up or closes off the body to the environment to some degree.
The social relevance of this parameter is obvious in the example of crossing
the arms for social self-defence (Carney et al., 2005). The other three Shape
Qualities are ordered according to the plane in which they happen:
• Enclosing – Spreading (in the horizontal plane). This means enclosing
something or someone, or an opposite movement.
• Rising – Sinking (vertical plane). This means rising or sinking in relation to
something or someone.
• Advancing – Retreating (in the Saggital plane). This similarly means advancing or retreating to or from someone or something in the environment.
These three elements all have social relevance. Enclosing someone, for example through wrapping the arms around someone’s shoulders, is an act that
that can be highly comforting or highly distressing. Rising upwards through
straightening one’s back is associated with social dominance (Carney et al.,
2005). Advancing or retreating is for example a very physical way of trying to
establish contact or trying escaping from it.
The Shape Qualities Opening – Closing, Enclosing – Spreading, Rising –
Sinking and Advancing – Retreating are all included in the Interaction Quality Framework.
Determining levels
The levels of all the Shape Qualities consist of the two extremes, a neutral and an alternating state. So for example, Growing – Shrinking has the
levels Growing – Neutral – Alternating – Shrinking.
Phrase and Activity level
Interaction with behaving, intelligent products and systems consist of
multiple movements. These interactions are Activities, organised in Phrases,
consisting of multiple movements. I conceived two parameters to describe
the interactions at a Phrase and Activity level: Initiative and Dynamic Development. These parameters describe movements beyond the single movement
level. They apply to multiple movements organised in Phrases that in turn
constitute an Activity. The parameter Initiative describes whether an interactant generally takes initiative and causes the other to move, or that this
interactant reacts to movements of the other. Who takes initiative is socially
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Figure 6.5: Three examples of drawings characterising the dynamic development of an interaction. The horizontal direction indicates time, the vertical direction indicates the energy
level.

relevant, for example the dominant person initiates a handshake more often than a less dominant person (Carney et al., 2005). The levels of Initiative
are Causing, Reaction and Alternating. Alternating is describes the situation
when approximately an equal amount of an interactant’s movements are a
reaction to movements of the other and causing the other to move.
Interaction Dynamic Development is conceived to capture the way the
energy level develops in an interaction (in LMA terms, in an Activity). For
example, the interaction of the Romantic candy vending machine from the
Ethics and Aesthetics in Interaction workshop included a climax. The Kantian machine offered a rhythmical and monotonous interaction, which was
a different dynamic development. This parameter captures the difference. In
the framework, an interaction’s dynamic development expressed with a line
drawing that characterizes the development along a horizontal time axis.
See Figure 6.5 for example drawings.
Summary of selection/addition process
Table 6.1 gives an overview of the selection and addition process described in the previous.

the interaction quality framework

133

134
Table 6.1: Overview of all Hackney’s LMA concepts and the selection/addition process. Discarded qualities are printed lighter. Qualities preceded by a ‘+’ are added by the current research.

Effort
Time
Weight:		
			
			
Flow
Space

Active Weight
Sensed Weight
Passive Weight

Body
Attitude
Active/Held body parts >> Parts Involved
Initiation - Follow through
Patterns of Total Body Connectivity
Sequencing of Movement through the Body
+ External Connections

Shape
Basic Forms/Shapes
Shape Flow Support
Modes of Shape Change:
							

Shape Flow
Directional Movement

							
Shape Qualities:			
							
							
							

Carving
Opening - Closing
Spreading – Enclosing
Rising – Sinking
Advancing - Retreating

Space
Kinespheric Reach
Approach to Kinesphere

Phrasing
+
+

Initiative
Interaction Dynamic Development

6.4 The Interaction Quality Framework

F

igure 6.6 shows the final Interaction Quality Framework with the 14 parameters and the 3 categories Person, Product and Unity.
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Idem, but of unified body. Make
sure all elements
are connected.

Time
quick: urgent, quick, instantaneous, staccato
sustained: leisurely, gradual, lingering, prolonging

Idem, but of unified
body

Unity

Idem
Near (actions occur
close to the center
of the unified body)/
Middle/
Far (actions occur
at maximum reach
from the unified body
centre)

Idem

‘Far’ is approx. maximum reach possible
for the body, ‘near’
is approx. minimum
reach.

Near/Middle/Far

What is the reach
of space around the
body spanned by the
movements?

Kinespheric
Reach

Weight
strong: powerful, forceful, firm touch, impactful
light: airy, delicate, fine touch, buoyant

Idem, but describe
the shape qualities
of the unified body
in relation to the
target, which is the
magazine.

Idem

Enclosing/N/
Spreading/Alt
(horizontal plane)

Indirect/N/
Direct/Alt (Space)

Idem

Rising/N/
Sinking/Alternating
(vertical plane)

Free/N/Bound/Alt
(Flow)

Opening/N/Closing/
Alt (extending away
from or flexing
towards the body
center)

Advancing/N/
Retreating/Alt
(in saggital plane)

Make a simplified
drawing of the
most characteristic
body posture. Use
a maximum of 4
lines.

How does the body
change shape in relation to the other?

Shape
Qualities

Strong/N/Light/Alt
(Weight)

Quick/N/Sustained/
Alt (Time)
N = Neutral
Alt = Alternating: Use
when both qualities
occur approx. an
equal number of
times, else make a
choice.

What is the
characteristic body
posture in the
whole interaction?

What is the characteristic dynamic
quality of movement
in the whole interaction?

Person

Lamp

Body
Attitude

Interaction
Effort

Figure 6.6: The Interaction Quality Framework

Idem

Idem

Multiple entries are
possible.

Light/Eyes/Head/
Neck/Shoulder(s)/
Chest/Upper Back/
Arm(s)/Forearm(s)/
Wrist(s)/Hand(s)/
Finger(s)/Lower
Back/Abdomen/
Waist/Leg(s)/
Foot(Feet)

Select from:

List the body parts
that are used to form
the connection to
the other player. In
case of multiple connections list multiple
parts.

What body parts
are the connecting
points between the
two players? Note
that connections can
also exist without
actual physical touch
(tension).

External
Connections

Idem

Idem, but of unified body

Idem

Draw a line characterising
the dynamic development
of the interaction.

Indicate how the energy
develops in the interaction.
Think specifically of movement and force. In drawing
the line, take into account
aspects like increase or
decrease on the whole,
smoothness or sharpness of
changes, and regularity or
irregularity.

Interaction
Dynamic
Development

Write a comment when you
think an additional aspect
of movement needs to be
included. Or write any other
remark here.

Comments

Space
indirect: multi-focused, flexible attention, all-around awareness, all-encompassing
direct: single-focused, channelled, pinpointed, lazer-like

Multiple entries are possible.

Light/Eyes/Head/
Neck/Shoulder(s)/Chest/
Upper Back/Arm(s)/
Forearm(s)/Wrist(s)/
Hand(s)/Finger(s)/Lower
Back/Abdomen/Waist/
Leg(s)/Foot(Feet)

Select from:

List all body parts that are
actively involved in interaction with the other player.
Active means:
- Causing the other to move
- Used to initiate his/her
own movements
- Used by other in interaction.
Note: exclude the parts
used solely to interact with
the chair and magazine.

Body
Parts Involved

Flow
free: outpouring, fluid, released, liquid
bound: controlled, careful, contained, restrained

Use ‘Alternating’
when an approximately equal amount
of movements of this
player is a reaction
and a cause.

Causing/Reaction/
Alternating

Are the player’s
movements generally a reaction to the
other player’s movements or are they
causing the other
player to move?
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Objects of analysis: Lamp, Person and Unity
The Interaction Quality Framework is applicable to all interactants in an
interaction. In the Light Dance experiment, it can be applied to the dancers
movements, but also to the movements of the person. In dance, it is not uncommon to view multiple dancers as a whole with its own expression. This
potentially gives new insights about the aesthetics of the dance expression.
This can also be applied to human-product interaction. It is possible to view
a product and a person as an expressive unity, a single body that moves.
Viewing them as a single body might help pinpoint interaction qualities that
would normally remain unnoticed. The Interaction Quality Framework parameters can serve to describe the behaviours of this unity. For example, if a
person and a product turn away from each other, they open up to the environment. This is an Opening Shape Quality. If they turn towards each other,
they close up to the environment. This is a Closing Shape Quality. Not all
framework parameters are meaningful when applied to the Unity of dancerlamp and person. The parameters under body (Body Attitude, Parts Involved
and External Connections) become hard to describe, since the body parts of
the Unity are unspecified. (What is the upper arm or pelvis of a two-person
body?)
The complete framework with the brief descriptions as it is used in the
following chapters is included in Appendix 6.A. The next step is to use this
adapted framework in a formal rating experiment, including multiple raters.
The interactions to be analysed are those of the lamps targeting Social Power, Helpfulness and Creativity.

6.5 Reflection on the Interaction Quality Framework

T

he aim of this chapter was to develop a language of Dynamic Form, a
design language that helps analyse and synthesise behaviours in interaction, more specifically, behaviours in interaction intended to elicit values
in Aesthetic Interaction. The Interaction Quality Framework offers the elements of this form language. It contains a selection of LMA concepts that are
useable for analysing and synthesising behaviours in Aesthetic Interaction.
As intended, all elements in the Interaction Quality Framework have a connection to the Social Activity level and the Sensory-Motor Activity level. The
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Dynamic Form
Unity

Sensory-Motor
Activity
Product
PRODUCT
behaviour

INTERACTION

SOCIAL

Dynamic Form
(Int. Qualities)
Product

Social Activity
Person

Dynamic Form
(Int. Qualities)
Person

DYNAMIC
FORM

Social Activity
Product

Sensory-Motor
Activity
Person

SENSORYMOTOR

Person Value

VALUE

Figure 6.7: Interaction
Qualities in the Perspectives
Framework

PERSON
behaviour

Interaction Quality Framework has three main categories, namely Product,
Person and the Unity of person and product. These foci map to the three
columns in the Perspectives Framework. See Figure 6.7.
‘Reliability’ of Interaction Quality Framework parameters
The pilot study delivered insights about using the Interaction Quality
Framework that go beyond selecting movement elements. A question that
needs to be answered is whether the Interaction Quality Framework parameters are defined enough, or leave too much space open to interpretation. The
framework’s elements have no absolute reference point. This is an inherent
difficulty of the elements of LMA; they are not standardised like measures
of physics are. LMA concepts are still subject to interpretation. ‘Quick’ movements in one context could have a different actual speed than in another
context. The levels of the parameters in the Interaction Quality Framework
need to be ‘calibrated’ for a specific context. Zoontjens did this by viewing a
number of interactions, before starting the actual ratings. This gave a feel of
what the levels were in the context of all the interactions that were part of
the analysis. The next chapter includes an inter-rater reliability test to check
whether the parameters are defined enough for their intended use.
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The Interaction Quality Framework in design
The pilot study also tested the Interaction Quality Framework in synthesising behaviour. It revealed several issues that deserve attention in any
design process using the framework. Zoontjens encountered a mapping
problem. The behavioural design criteria needed to be translated into formal definitions that are programmable in the product’s software. This is the
same challenge Chi et al. (2000) faced when they synthesised movements
of animated characters on screen. Zoontjens used formal descriptions to
implement the Interaction Quality Framework elements. For example, the
degree of Direct Space Effort was defined as the distance between the current position and the target position divided by the length of the path of the
actual movement. Movements became more Indirect (less Direct) by adding
a function that contained deviations from the shortest route. Some of the Interaction Quality Framework elements were relational, which meant that the
formal definitions needed to be defined in relation to incoming sensor data.
Zoontjens’ work also showed the need to create a product with an advanced
sensory-motor system. Implementing the Interaction Qualities requires detailed control over movements. Chapter 8 treats a design process that goes
into these matters further.
Applicability of Interaction Quality Framework beyond this research
The Interaction Quality Framework is devised for the current research.
It most likely is of use as well in other Aesthetic Interaction design projects
that include analysing or synthesising social behaviour. The reason is that the
criteria for selecting LMA elements for the Interaction Quality Framework are
not specific to the analysis or synthesis tasks of the current research. One criterion was practical applicability for a designer with limited training in LMA.
The other criterion was the connection with social psychology theory. There
is thus no reason to believe that the Interaction Quality Framework could not
be of use for other projects.
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7.1 About this chapter

C

hapter 7 is dedicated to specifying Dynamic Form. More particularly,
specifying Dynamic Form for design of behaviour targeting values in Aesthetic Interaction. This chapter also includes a test of the Interaction Quality
Framework as an analysis tool.
The Interaction Quality Framework was used to analyse the three most
successful dancer-participant interactions from the Light Dancer experiment
in terms of Dynamic Form. This analysis was conducted on the Product, Person and Unity level. This means that the all behaviours in interaction were
translated into Dynamic Form for Product, Person and Unity (Figure 7.1)
This translation step was done systematically in a rating experiment with
four designers as raters in the analysis. This rating experiment also served as
a validation of the Interaction Quality Framework. Inter-rater reliability was
calculated, to see how clear-cut the framework’s elements were. This process
is described in section 7.2.
The next step was to specify Dynamic Form design criteria. This step was a
preparation for research-through-design cycle IV, which is about implementing Dynamic Form criteria in design of intelligent lamps and evaluating the
effects in terms of values elicited in interaction. The choice was made to turn
only the Dynamic Form of the Product side into design criteria, since these
were considered easiest to control in the design process. The result was a
set of Dynamic Form design criteria (specified using Interaction Qualities) for
lamps targeting Social Power, Helpful and Creativity in Aesthetic Interaction.
Section 7.3 treats this process of translating the rating experiment’s results
into Dynamic Form design criteria. A reflection on the steps taken in chapter
7 is included in section 7.4. Section 7.5 is a reflection on the whole researchthrough-design cycle.

7.2 Light and Dance Interactions Rating Experiment
The current rating experiment served two purposes:
• To check whether the Interaction Quality Framework parameters were
defined sufficiently unambiguously; and
• To produce descriptions of the three selected Light Dancer interactions
in terms of Dynamic Form.
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Target Value

VALUE

Figure 7.1: The interactions
between dancer and participant are analysed in terms of
Dynamic Form for Product

Sensory-Motor
Activity
(dancer-lamp)
PRODUCT
behaviour

SOCIAL

Dynamic Form
Unity

Dynamic Form
(participant)

DYNAMIC
FORM

Dynamic Form
(dancer-lamp)

Social Activity
(participant)

Sensory-Motor
Activity
(participant)

SENSORYMOTOR

(lamp), Person (participant)
Social Activity
(dancer-lamp)

INTERACTION

and Unity.

PERSON
behaviour

The Interaction Quality Framework was used to analyse the three interactions from the Light Dancer experiment. Four raters did the same analysis.
Their ratings were analysed statistically to determine the inter-rater reliability, that is, the extent to which the raters agreed with each other.

7.2.1 Set up
Raters
Four people participated in the rating experiment. One of them was
Choreography of Interaction expert Sietske Klooster (Klooster & Overbeeke,
2005). The three others were bachelor students in Industrial Design that
learned basic movement analysis techniques from Klooster at a TU/e Industrial Design course. The raters received €5,- per hour for their participation.
Their task took them ten to twelve hours.
Rating form
The rating form was a paper version of the Interaction Quality Framework, with open spaces for ratings. See the previous chapter for the Interaction Quality Framework with the 14 parameters and categories for Person,
Product and Unity. The Product category is called ‘Lamp’ on this rating form.
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Rater training
The raters participated in a plenary, four hour introduction and training session, conducted by me. The aim of this session was to get the raters
acquainted with the procedure and to jointly ‘calibrate’ the ratings. They first
received general instructions, which are included in Appendix 7.A. Subsequently, the raters were trained in a four hour session, using film clips of the
Light Dance experiment that were not used in the actual rating experiment.
The raters used the rating form for each clip. The results for each clip were
discussed in the group.
Stimuli
The raters received a DVD with film clips of the dancer interactions with
the participants in the Light Dancer experiment. The DVD contained all eight
interactions with the three dancer-lamps, which made a total of 24 clips for
rating. See Figure 7.2 for a screenshot of a DVD clip. Duration of the clips varied from 20 seconds to 5 minutes 41 seconds. The raters took the DVD home
to do the ratings there.

7.2.2 Inter-rater reliability
Generalizability Theory
An inter-rater reliability analysis was conducted on the data of the four
raters, using ‘Generalizability Theory’ (Shavelson & Webb, 1991). Generalizability Theory (g-theory) is a statistical theory that offers a way to determine
how well one can generalise a particular score on a measure. It is often used
to look at reliability issues in studies that include multiple raters and tasks or
other conditions. Through g-theory, estimation of multiple sources of error is
possible in a single analysis, using ANOVA. This specific kind of ANOVA, called
Variance Component Analysis gives the effect size of each source, the VariFigure 7.2: Screenshot of the rating DVD film clip.
The participant is made anonymous.
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ance Component Estimates. The size of the variance components caused by
the raters, relative to the total variance is a measure for inter-rater reliability.
The smaller the variance caused by raters, the more reliable the ratings are.
Inter-rater reliability analysis set-up
The aim was to gain a general measure for inter-rater reliability for the
entire Framework. The Variance Components Analysis technique required
separate analyses for all parameters. These separate analyses were in the end
combined into a single, overall estimate for inter-rater reliability. One comparable study exists, that uses g-theory to assess inter-rater reliability. Koch,
Cruz and Goodill (2001) studied novice raters that received 45 hours of basic,
but professional training on a comparable movement analysis system. These
novice raters were asked to rate five people on three movement qualities.
The variance caused by these raters was 28%. In inter-rater reliability studies
in general, 20% variance caused by raters is considered acceptable.
The current rating study has two ‘facets’, using g-theory terminology:
‘Lamp’ and ‘Rater’. Facets are random or fixed. A facet is random when the set
of entities in the facet could be exchanged by another set of these entities
without changing the nature of the study. A facet is fixed when the set of
entities is not just any set, but the set that the study should provide information about. In this inter-rater reliability analysis, Lamp is a fixed facet. Rater
is random: The set could be replaced by a set of four other trained raters.
This design gives two main effects (Lamp and Rater) one two-way interaction effect (Lamp x Rater) and error variance. A Variance Component Analysis
gives the size of each effect. If the total variance caused by the raters (the
Rater component plus the Rater x Lamp component) is small, there is high
inter-rater reliability. In such a case, the differences on the ratings are mainly
caused by the other elements in the experiment, for example by the different
behaviours of the lamps. If the total contribution of the raters to the variance
is high, the differences on the scales are caused by disagreement between
the raters. This would indicate there is low inter-rater reliability. In the current
rating experiment’s design, ‘Person’ could also be included as random facet,
resulting in an 8 (Person) x 3 (Lamp) x 4 (Rater) ANOVA design. But including
this third facet results in cells without variance, making it impossible to run
an ANOVA. The influence of the person interacting is therefore treated as Error in this analysis.
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Translating the parameters into ordinal scales
The ratings on the parameters are terms like Quick, Alternating or even
have the form of drawings. The data need to be translated into a format that
allows ANOVA. The parameters that specify their levels with words, like the
Time parameter with Quick, Neutral, Sustained and Alternating are reworked
into ordinal scales. LMA theory explains how the two elements of each Effort
factor are extremes on a continuum. On one end is the term that describes
movements that indulge, go with or expand the Effort factor. On the other
end are terms that fight, resist or condense the Effort factor (Bartenieff &
Lewis, 1980, p. 51). For example Sustained Time Effort is indulging in time,
while Quick Time Effort is fighting Time. Neutral is somewhere in between.
To fit Alternating in, we have to reinterpret the scales slightly. Alternating can
fit in, if we regard the scales in terms of how much ‘indulging’ in the Effort
factor is present in the movement. For example, the parameter Time would
be defined in terms of how much the movement indulged in Time. It would
go from the maximum Sustained (full indulging in Time), Alternating (Some
indulging in Time present), Neutral (not outspokenly indulging in Time) to
Quick (no indulging in Time at all). These levels are then encoded into the
numbers 3 (Sustained) to 0 (Quick).
Four of fourteen Interaction Quality Framework parameters do not allow
a similar translation into ordinal scales: Interaction Dynamic Development,
Body Parts Involved, External Connections and Body Attitude. The Interaction Dynamic Development graph needs to be simplified considerably. It is
translated into the parameter ‘Dynamics-IncreaseDecrease’ that describes
the trend of the energy level, whether it increases (ends higher than it starts),
decreases (ends lower than it starts) or is neutral (start and end have the
same energy level). The parameter Body Parts Involved, that contains listings
of body parts, cannot easily be translated into ordinal scales without losing
the relevant information. The same goes for External Connections and the
Body Attitude drawings. This is reason to leave these three parameters out of
the current analysis. A total of 11 parameters, translated into ordinal scales
remains. Unity has a total of 10 parameters, because the parameter Initiative
does not exist for Unity.

chapter 7

Results
Variance Component Analyses were conducted for each ordinal scale,
using ANOVA. The ordinal scales served as dependent variable. In these analyses, Lamp (defined by the value that the dancer-lamp tried to elicit) was a
fixed facet and Rater was a random facet. The Interaction Quality framework
was reworked, as specified earlier, into 11 ordinal scales for behaviours of
the dancer-lamp, 11 ordinal scales for behaviours of the person interacting,
and 10 scales for behaviour of the unity between person and dancer-lamp.
This means that a total of 32 Variance Component Analyses were conducted.
Table 7.1 shows the results of a single analysis, in this case the parameter
AdvanceRetreat (Advancing – Retreating) in the category Lamp.
Table 7.1: Results of Variance Component Analysis on the parameter AdvanceRetreat for behaviours of the dancer-lamp.

Factor Level Information
Rater

Lamp

Variance Estimates

Rater1

N=23

Rater2

N=23

Rater3

N=23

Rater4

N=23

Social Power

N=32

Helpfulness

N=32

Dependent Variable: Lamp-AdvanceRetreat

Creativity

N=28

Method: ANOVA (Type I Sum of Squares)

Component

Estimate

Var(Rater)

0.128

Var(Rater * Lamp)

0.080

Var(Error)

1.191

Note that N=28 for the lamp targeting Creativity. One interaction was
not filmed correctly during the Light Dance experiment. This clip is missing,
which makes a total of 4 (ratings) x 7 (interactions) = 28 ratings for the Lamp
targeting Creativity. The other two lamps have 4 x 8 = 32 ratings. Each rater
rated 8 (Social Power) + 8 (Helpful) + 7 (Creativity) = 23 interactions. Table 7.1
gives an overview of the variance components of Rater, the interaction Rater
x Lamp and the Error. Translated into percentages of total variance, each
component has the following contribution:
Var(Rater): 		
9%
Var(Rater x Lamp):
6%
Var(Error): 		
85 %
This means that for this parameter the total percentage of variance caused

dynamic form design criteria

145

146
by the raters is 15 %. Table A7.1 in Appendix 7.B shows the variance components in percentages for all 32 parameters. The variance components due
to the raters are 19% on average, with a 95% confidence interval that spans
14 % to 23%. The share of the variance components in total variance varies
from 0% (Flow in Unity category) to 48% (Flow in Person category) (See Appendix 7.B). In the category Lamp, the parameters are rated with 23% rater
related variance. For Person, this variance component is 20%. Striking is that
the Unity of dancer-lamp and Person is rated best. The mean variance component caused by the raters for Unity is 12%.
Conclusion
The separate variance components give estimates about how reliably
the single parameters are rated. The current experiment searches for a single
estimate for inter-rater reliability. Generally maximally 20% disagreement is
accepted in inter-rater reliability. The study with novice raters of Koch et al.
(2001) gives 28% variance caused by (novice) raters. The 19% weighed average of the variance caused by the raters (who are also novice) is all in all an
acceptable contribution. So overall, the inter-rater reliability is high enough
to proceed to the next step, namely, formulating Dynamic Form design criteria.

7.3 Dynamic Form design criteria

T

he last step in the current research-through-design cycle is a preparation
for the next. This next cycle will investigate whether implementation of
the Dynamic Form criteria in intelligent lamp design is possible and whether is has a specific effect in terms of eliciting values. Figure 7.3 outlines this
question graphically. Dynamic Form is mapped to the intelligent lamp’s Sensory-Motor Activity and Social Activity level. This product behaviour in interaction in turn invites specific Social Activity level behaviour at the person
side, which results in eliciting a value.
In this section, the design criteria for design of these intelligent lamps are
distilled from the rating experiment. There are several ways to do this, schematically outlined in Figure 7.3. Ideally, the interactions with the intelligent
lamps (to be designed) are identical to the interactions with the successful
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Figure 7.3: Possible routes
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SOCIAL

Social Activity
Product

SENSORYMOTOR

?

DYNAMIC
FORM

Person Values

from Dynamic Form to

dancer-lamps. The data from the rating experiment gives a description of
these interactions on the Dynamic Form level. So we know how the lamps
behaved (Product Dynamic Form), how the participants behaved (Person
Dynamic Form), and how the interaction between the two ‘behaved’ (Unity
Dynamic Form).
It is possible to turn the Dynamic Form of all three categories into criteria (1, 2 and 3 in Figure 7.3). Then the intelligent lamps should behave in
such a way that Dynamic Form of Product, Person and Unity are equal to the
Dynamic Form in the Light Dancer experiment. It is of course impossible to
directly design the Person and Unity Dynamic Form. The person behaviour
cannot be controlled, so direct control of the Unity is impossible as well. But
it is possible to invite Person Dynamic Form. Take for example a heavy door.
It invites Strong Weight Effort behaviour (pushing it with force, because it is
heavy). Translating all three categories, Person, Product and Unity, into criteria would give a set of 32 Interaction Qualities as criteria. This is probably too
much to handle in a design process.
It is also possible to translate only one Dynamic Form category into design criteria, only Product Dynamic Form (1), Unity Dynamic Form (2) or Per-
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son Dynamic Form (3). The advantage of taking Person Dynamic Form as
criteria is that it formulates a goal at the Person level. This is closest to the
end-goal of eliciting a value. Would it be enough to make a person behave
according to specific Dynamic Form to elicit a value in interaction? It could
be: For example, if a person is invited to straighten one’s back and stand tall
(Rising Shape Quality), he might feel more Social Power (Carney et al., 2005).
The disadvantage of taking Person side criteria is the lack of direct control
over Person Dynamic Form. Then there is the possibility to translate Unity
Dynamic Form into criteria (2). The advantage of this is that it focuses right
on ‘where the action is’, namely, the interaction. Although Unity Dynamic
Form is not directly controllable as well, it has close links with both Product
and Person Dynamic Form. Taking the Product Dynamic Form as criteria (3)
has as its main advantage that it is directly controllable. Disadvantage is that
it is removed furthest from the Person side of the interaction.
The choice is made to translate only Product Dynamic Form into criteria
for the next research-through-design cycle. It is at this point not tested yet
whether it is possible to implement Dynamic Form criteria (specific Interaction Qualities) in design of behaviour in interaction at all. The Product Dynamic Form level can be controlled directly, so that is a good place to start
investigating this question.

7.3.1 Distilling design criteria from the rater data
The data from the rating experiment look like this:
3 Lamps

*

7 or 8
Interactions

* 3 Categories *

11 or 10
Parameters

(Social Power,

(7 for

(‘Lamp’,

Helpfulness,

Creativity)

‘Person’ and

Framework parameters

‘Unity’)

for Lamp and Person. 10

Creativity)

* 4 Raters

(11 Interaction Quality

parameters for Unity)

There are 3 dancer-lamps with their target values. The raters scored film
clips of 8 interactions per dancer-lamp (7 for the Creativity dancer-lamp).
This makes 23 interactions in total. The Interaction Quality framework rat-
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ing form has 3 Categories (‘Lamp’, ‘Person’ and ‘Unity’). The ‘Lamp’ and ‘Person’
category have 11 parameters (for example, Time and Space) and the ‘Unity’
category has 10 parameters. Each parameter of each category (32 parameters in total) for each interaction for each lamp (23 interactions in total) is
rated by 4 raters.
Criteria are needed for design that simply state one desired level per parameter. For example, the lamp needs to behave Reactively, with Quick and
Advancing movements and so on for all 11 Interaction Quality Framework
parameters. So for creating the final criteria, the data should consist out of a
set of parameter levels for each of the three lamps:
3 Lamps

11 Parameters

*

(Social Power, Helpfulness,

(Desired levels on Interaction

Creativity)

Quality Framework parameters)

This section explains this process of translation of the current data into
the final criteria in three steps.
Step 1. Focus on ‘Lamp’ category
As explained in the previous section, only the Product (‘Lamp’) Dynamic
Form is translated into criteria.
3 Lamps

*

8 Interactions

*

11 Parameters

(Social Power,

(Interaction Quality

Helpfulness,

Framework param-

Creativity)

eters)

*

4 Raters

Step 2. Determining the final ratings
The inter-rater reliability analysis treated in the previous section shows that
the raters are sufficiently reliable, so the Rater column can be eliminated. The
four raters’ separate ratings are combined into one final rating. This is done
by taking the most frequently given rating for each person-lamp interaction.
For example, the AdvanceRetreat parameter (Shape Quality Advancing - Re-
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treating) is rated for the fifth interaction with lamp Helpfulness as follows:
Rater 1: 1 (Neutral); 		
Rater 2: 0 (Retreating);
Rater 3: 0 (Reatreating); 		
Rater 4: 0 (Reatreating)
The mode is 0 (Retreating)
The data now looks like this:
3 Lamps

*

(Social Power, Help-

8 Interactions

*

11 Parameters

(7 for Creativity)

(Interaction Quality Framework

fulness, Creativity)

parameters)

Step 3. One final rating per lamp per parameter
The ratings need to be summarised further into one final rating per lamp
per parameter. This means the middle column, the eight interactions, needs
to be eliminated. A 3 (Lamps) x 8 (Interactions) x 11 (Parameters) repeated
measures ANOVA on the scores of the eleven parameters is a possible means
to eliminate the middle column. For seven of eleven parameters however,
such ANOVA is impossible. These seven parameters have one or two conditions without variance. This means that these seven parameters each have
one or two conditions that received the same score for each interaction. For
example, The Effort Space parameter scored all ‘0’ in the Social Power condition, and all ‘3’ in the Helpful condition. This means that there is no variability
in these two conditions, which means there is no repeated measures analysis
of variance possible.
The final ratings per lamp per parameter are calculated by taking the
mean ratings, and then rounding them off to a whole number, without further analysis of variance. This round number is subsequently translated into
the corresponding parameter level, as defined in the Interaction Quality
Framework. Table 7.2 shows this translation process, using the example parameter AdvanceRetreat.
Table 7.2: Example of the translation of mean scores into Interaction Quality Framework Levels.
Parameter

Lamp

Mean Score

Rounded
Score

Framework
Parameter Level

AdvanceRetreat

Social Power

2.00

2

Alternating

AdvanceRetreat

Helpful

0.43

0

Retreating

AdvanceRetreat

Creativity

2.71

3

Advancing
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See Appendix 7.C for a table with all mean scores and the translations
into parameter levels. The data now has the desired form for formulating the
criteria: One level per parameter per lamp. The criteria per lamp can now be
defined.
3 Lamps

11 Parameters

*

(Social Power, Helpfulness,

(Desired levels on Interaction

Creativity)

Quality Framework parameters)

7.3.2 The three sets of Product Dynamic Form criteria
The data from the rating session now give one level per parameter per
lamp. A parameter for the length of the interaction is added: Duration. This
parameter is left out of the rater study since it needs no rating. The body parameters External Connections, Parts Involved and Attitude) are not reintroduced into the set of criteria since they are less relevant to the design phase.
The intelligent lamps will have a different body, with different parts. Table 7.3
shows an overview of the three sets of criteria. Figure 7.4 shows a graphical
representation of these sets of criteria. The circles and their overlap show
which criteria the lamps have in common and which are unique to a lamp.
Table 7.3: The Product Dynamic Form criteria.

Effort

Shape
Qualities

Space
Phrasing

Social Power

Helpful

Creativity

Time Effort

Neutral

Sustained

Quick

Weight Effort

Alternating

Light

Neutral

Flow Effort

Bound

Free

Bound

Space Effort

Direct

Indirect

Neutral

Opening - Closing

Neutral

Closed

Neutral

Advancing - Retreating

Alternating

Retreating

Advancing

Rising -Sinking

Neutral

Neutral

Neutral

Enclosing - Spreading

Neutral

Alternating

Neutral

Kinespheric Reach

Middle

Middle

Middle

Initiative

Reacting

Causing

Neutral

Dynamics Increase -Decrease

Neutral

Neutral

Neutral

Duration

32

180

54
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Figure 7.4: Graphical representation
direct
advancing &
retreating
strong & light weight
not quick
not sustained
half a minute

reacting
not opening
not closing
bound flow

Social Power

of the behavioural design criteria
for the three lamps.

light weight
indirect
not enclosing
not spreading
dynamics not increasing
not decreasing
not rising
not sinking
middle reach

free flow
closing

Helpful
causing
retreating

advancing

sustained

quick

3 minutes

1 minute
neutral weight
not direct
not indirect

Creativity

A reflection on the criteria
Figure 7.4 shows that the criteria for Helpful contrast with Social Power
and Creativity, while Social Power and Creativity have more criteria in common. In general, the Effort factors differentiate most between lamps. The
Shape Qualities are less outspoken. The criteria make sense if we relate them
back to the dancer behaviours in the Light Dancer experiment. The dancerlamp targeting Social Power tried to light up the magazines optimally and
tried to directly adjust the light when the magazine was moved. This is indeed in line with the criteria Direct Space Effort (focused), Bound Flow Effort
(controlled) and Reacting (following the magazine). The dancer-lamp targeting Creativity offered a playful interaction, with small hints. This is harder to
‘read’ from the criteria, although Quick Time Effort and Bound Flow Effort are
in line with these small hints. The dancer-lamp targeting Helpful was unstable and fell apart. This is consistent with Free Flow Effort and Indirect Space
Effort, for example. And it caused the person to move (Causing), which is in
line with asking for help and getting it.
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7.4 Chapter summary
The rating experiment treated in this chapter served two purposes:
• To check the reliability of the Interaction Quality Framework
• To provide Dynamic Form design criteria for the next research-throughdesign cycle
The inter-rater reliability analysis showed that the Interaction Quality Framework indeed allows reasonably reliable rating. Rating of the behaviour of the
Unity was most reliable, which is striking since it seems a more complex rating task.
Three sets of Dynamic Form design criteria were formulated with the
outcomes of the rating experiment. The choice was made to translate only
Product Dynamic Form into design criteria. The body parameters External
Connections, Parts Involved and Attitude were dropped from the set of criteria during the process, since they were not considered relevant to the design
phase in the next research-through-design cycle.

7.5 Reflection on research-through-design cycle III

T

he current research-through-design cycle explored the field of intelligent
products and systems design. It asked how to design these products and
systems that behave in interaction. And it asked how to design these behaviours to elicit values in Aesthetic Interaction. Two goals were formulated for
this cycle:
• To find a design language for behaviour in interaction (a Dynamic Form
language), and;
• To try to find what Dynamic Form could help elicit values.
The cycle started from interactions in which specific values were elicited
(chapter 5), and systematically worked towards specifying Dynamic Form
(chapter 7). In between, the Interaction Quality framework was devised as a
language of Dynamic Form (chapter 6).
The steps to go from the Value level to the Dynamic Form level were unconventional, but systematic. They produced useful results that are expectedly of use beyond the current research as well. The Perspectives Framework
offers a myriad of ways of viewing behaviour in interaction, which is helpful
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in analysis and synthesis of any behaviour in interaction. Specifically the Dynamic Form perspective, and the Interaction Quality Framework that provides elements of the Dynamic Form language, are beneficial to design of
intelligent products and systems for Aesthetic Interaction in general. They
fulfil the need in design for a form language for behaviour in interaction.
The Perspectives Framework also suggests new options for specifying design criteria. The current thesis focuses on Product Dynamic Form criteria.
The Perspectives Framework also reveals the option to design for Person and
Unity Dynamic Form. These directions are worth pursuing, since they will
help explore other, possibly fruitful ways of approaching design of behaviour in interaction.
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8.1 Introduction to research-through-design cycle IV

R

esearch question 2 and 3 are central in the fourth cycle of this research:
How can we design an intelligent product or system that elicits specific
values in Aesthetic Interaction? And: Is there a systematic relation between,
on the one hand, the compatibility of values of the person interacting and
the elicited values, and, on the other hand, this person’s interaction evaluation?
Building on the previous cycle, research question 2 can be reformulated
as follows: How to design Product Dynamic Form that has a specific effect at
the Person Value level? This question is graphically outlined in Figure 8.1, using the Perspectives Framework. Dynamic Form criteria, specified in the previous cycle in terms of Product Dynamic Form, need to be implemented in
intelligent lamp design. This design process is treated in this chapter for two
intelligent lamps. It describes how the lamp bodies with their sensory-motor
systems are designed and how the behaviours in interaction are designed
and implemented according to the Dynamic Form criteria. The design process shows how the Dynamic Form level, the Sensory-Motor Activity level,
and the Social Activity level are intertwined. The final designs of the lamps
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Figure 8.2: On the
left: The AEI lamp,
on the right:
Luxger.

are evaluated in a rating experiment, to check whether the Dynamic Form
criteria are implemented well.
The second part of the cycle, described in chapter 9, evaluates the two
lamps in terms of values: Do they elicit the same values in interaction as the
dancer-lamps did in the Light Dancer experiment? Explained in terms of
Figure 8.1, the experiment checks whether the arrow actually reaches the
Person Value level and whether the right value is elicited at this Person level.
Chapter 9 also treats research question 3. It investigates whether there is an
influence of people’s values on the way they evaluate the interactions with
the lamps.

8.2 This chapter: Two intelligent lamp designs

T

his chapter describes the design process and resulting prototypes of two
intelligent reading lamps, based on Product Dynamic Form design criteria formulated in the previous chapter. These lamps are called ‘AEI’ (patent
pending: Ross, 2008), designed by me, and ‘Luxger’ designed by Industrial
Design bachelor student Rutger Menges. Section 8.3 describes additional
design criteria that relate to the lamps’ research purpose in the current research-through-design cycle. Section 8.4 treats the design process of the
lamp called AEI in four steps. Section 8.5 briefly treats this process for the
Luxger lamp. Section 8.6 describes a rating experiment to evaluate whether
the Dynamic Form criteria are implemented to a sufficient degree. Section
8.7 is a reflection on this chapter’s design activity. Figure 8.2 shows the final
prototypes of both lamp designs.
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8.3 Additional design criteria

T

he lamp designs made in this research-through-design cycle are research
designs, intended for experimental evaluation. This poses additional demands on the design and realisation of the lamps, next to the demands from
the Dynamic Form criteria. This section lists only the additional criteria that
are relevant to experimental testing:
• The lamps should be able to portray three behaviours with one body.
The emphasis in this research-through-design cycle is on the role of Dynamic Form (specified using Interaction Qualities) in eliciting values. The
‘cleanest’ comparison is made when all other factors remain as constant
as possible. The best way to do this is to create a single lamp body that is
capable of behaving according to all required Dynamic Form criteria.
• The lamp’s body (e.g., its static shape, materials, and colours) needs to be
‘neutral’ in terms of the effect it has on the Person value level. For example, a very large product body could tend to make people feel humble,
no matter with which Dynamic Form it behaves in interaction. Such a bias
needs to be avoided, hence the criterion for a body design as ‘neutral’ as
possible.
• The final prototypes of the lamp designs should function at an experiential level.
• Technology does not have to be fully embedded, as long as it does not
interfere with the interaction experience.
• The material use and detailing of the lamp prototypes must suggest a
finished product. Participants should believe they are interacting with a
finished product, to ensure they are not distracted by imperfections of
the prototype.

8.4 AEI Design process
The design process of both lamps consisted of four steps:
1. Initial concept generation
2. Initial behavioural prototype creation and testing
3. Final product body design
4. Implementation of Interaction Quality design
This section treats these steps for the AEI lamp.
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Figure 8.3: Sketch of the initial concept, the light fluid lamp.

8.4.1 Initial concept generation
The start of the design process was an idea generation phase. This phase
was directed at finding a concept that would be able to portray the behaviours in interaction as specified in the criteria. In this phase, sketching went
alongside physical explorations with basic prototyping materials. After these
initial explorations, a concept crystallised. In this particular process, the concept was a transparent and organic container of ‘fluid’ light. This light fluid
was alive, like a school of luminescent micro-organisms. The basic interaction
concept was a combination of direct manipulation of light, and proactively
behaving light. The light reacted to touch, when a hand came near the fluid,
it concentrated around the hand. And when the fluid concentrated, it sent
out beams of light. By moving the hand across the surface the light could
be directed. The ‘living light’ was also envisioned to behave in response to
its environment. It could for example direct itself to something that moved
in close vicinity, like a book or a magazine. Figure 8.3 shows a sketch of this
initial concept.
The advantage of this concept in terms of the Dynamic Form criteria is
that only the light moves. With an array of light actuators, for example LEDs,
such movement can be controlled in a very detailed manner. Movements of
physical body parts are generally harder to control.

8.4.2 Initial behavioural prototype creation and testing
Behaviour in interaction with its Dynamic Form is too rich and dynamic
to design solely on static media. A more effective way to design for behaviour in interaction is to iteratively create, experience and refine interactive

two intelligent lamp designs

161

162
prototypes. So already in this early stage of the design process interactive
prototypes were created. To do so in an efficient way, I used a prototyping
platform consisting of plug-in sensors and actuators called Phidgets (Greenberg & Fitchett, 2001) and a programming platform called Max/MSP (Cycling
74, 2008). The following is a brief description of the prototyping tools used
in this step, before elaborating on the initial interactive prototype made in
this phase.
Prototyping platform
For flexible and fast prototyping, a set of USB sensors and actuators
called Phidgets was used in combination with Max/MSP software running on
a Powerbook G4 laptop. Both Phidgets and Max/MSP are commercially available. The combination of this soft- and hardware allows quick prototyping
loops, which is needed to keep the flow in the design process. It compares to
sketching. Sketches are made quickly, allowing the design to smoothly flow
from one idea to the other. The Phidget sensors and actuators are plug-andplay; no soldering or additional electronics are required for them to function.
This enables quick explorations of sensor configurations on the prototype.
The Phidgets send their readings to a computer in a format that is instantly
useable in a myriad of programming languages. Max/MSP is a visual programming language that is particularly suitable for dynamically translating
a flow of sensor readings into output data for actuators. Max/MSP programs
allow editing while they are running. This helps ‘tweak’ the interactions with
the prototype. These detailed adjustments are essential for Aesthetic Interaction design. Aesthetics is subtle and always asks for refinement in the design process. Furthermore, less breaks of flow occur, since the Max/MSP and
Phidgets combination does not need to compile like microcontroller based
platforms. Disadvantage of Phidgets in general are firstly their size, limiting
their flexibility in the prototyping process, and secondly the fact that they
not function stand-alone. Phidgets need to be connected to a computer running the control software.
Initial prototype
I made a series of ‘sketch’ prototypes with the Phidgets-Max/MSP softand hardware platform in combination with basic modelling materials. In
this phase, design of behaviours in interaction and the body of the product
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Figure 8.4: The initial prototype of the fluid lamp. When the hand moves up (middle picture),
the light moves upwards along with it. When the light reaches the top, a horizontal row of
LEDs is lit (right picture). The lamp uses these LEDs to direct light at an object in the vicinity.

(with sensors and actuators) developed in parallel; they inspired each other.
For example, a physical shape invited actions that in turn asked for a specific
sensor. Or an envisioned beautiful action asked for a specific sensor and a
physical shape.
The initial prototyping phase aimed at proof of concept. Could the ‘living light’ behave in interaction according to the Dynamic Form criteria? The
prototype presented in Figure 8.4 is the last version of this initial prototyping
phase. The prototype consisted of a glass vase turned upside down, equipped
with capacitive sensors, distance sensors and LEDs. The bottom of this prototype, the ‘reservoir’ of light fluid, contained LEDs that subtly fade in and
out. This dynamic pattern suggested breathing, which in turn suggested life.
Stroking the glass upwards or downwards (picked up by a capacitive sensor)
moved the light fluid up or down. The prototype had a horizontally oriented
row of LEDs on top. This row sent out light into different directions, spanning
a range of approximately ninety degrees. With these LEDs the lamp was able
to direct light to a piece of reading material in its vicinity. The prototype used
two distance sensors to detect whether there was an object in its vicinity,
and where. The combination of these sensors and the LED row enabled the
lamp to follow moving reading material with the light beam.
I developed a set of three behaviours for this prototype, according to the
three sets of Dynamic Form criteria. These behaviours and the way they are
developed are not explained here. This process was similar to the development process of the final behaviours that is treated in detail later on in this
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chapter. An expert review with two colleague designers from TU/e Industrial
Design indicated that the concept had the potential to be developed into a
design and prototype that would meet the Dynamic Form criteria. The next
steps are to design and build the final body and behaviours, based on this
concept.

8.4.3 Final product body design and prototyping
In the previous step of the design process, the product behaviours were
designed in parallel with the product body (including its sensors and actuators). The phase of the design process described in the following was less
flexible and explorative. First, a fully detailed product body (with its sensorymotor system) needed to be developed. Subsequently, the behaviours in
interaction needed to be customised to this final product body. The current
section is about the design and prototyping process of the product body.
This process included a form study, and prototyping of the lamps’ hardware
and software. These steps are described one after the other, for clarity purposes. In reality, the processes partly overlapped.
Form study
Interaction through touching and stroking the lamp was a key component in the envisioned interaction. So the form (including materials) of
the lamp should invite touching and stroking. And these actions should
feel pleasant. Inspiration for form was found in still images of liquids and
in sculpting. Especially Brancusi’s fluent forms served as inspiration, next to
Barbara Hepworth’s two-surfaced sculptures. See Figure 8.5 for a selection of
images that form the basis of this form study.

Figure 8.5: Three shapes that inspired the form study. Left: A close-up picture of a water surface. Middle: Brancusi’s ‘Bird in Space’. Right: Barbara Hepworth’s Wave sculpture.
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Figure 8.6: A cardboard model of the lamp evaluated in context. Its curved shape encloses the area
for reading.

I explored shapes using cardboard, metal wire frames and clay. I evaluated these shapes in a living room context, sitting on a couch with these
models next to me, and interacting with these models as if they functioned.
This gave information about how the different shapes worked ergonomically
and aesthetically in the context they are designed for. During the process,
the lamp gradually developed into a smooth and curved object that invited
touch and stroking. This curved shape also ‘enclosed’ and accents the area for
reading. See Figure 8.6.
The lamp’s form was refined through making variations in full size sketches, foam modelling and 3D CAD modelling in Solidworks. Figure 8.7 shows
images of this development.

Figure 8.7: From left to right, top row: a clay model, full size side view sketches, full size cardboard variations. Bottom row: a full size foam model and 3D CAD models.
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The final lamp design developed into a body with two parts, namely a
touch part on the outside and a part that lights up on the inside. Selection of
the material of the outer part was critical, since it had to feel pleasant to touch
and stroke. Options like wood, or a soft-coated plastic were considered, but
the material of choice was unvarnished porcelain. Porcelain looks and feels
natural, smooth and pleasant. Furthermore, it conducts no electric charge or
heat. This is beneficial for capacitive sensing and keeping the outer surface
cool when the lamp’s Power LEDs heat up. It is difficult to control shape to
the millimetre in the porcelain casting, drying and baking process, but the
excellent material properties outweighed these difficulties in this case.
The lamp was dubbed AEI, which is short for Aesthetics and Ethics in Interaction, and which is pronounced [Ī], or ‘Aai’ in Dutch, which means ‘caress’.
Hardware
Figure 8.8 shows the final body of the lamp. It has a camera and it has
capacitive touch sensors beneath the entire porcelain surface. The Power
LED array generates light beams in multiple directions, and creates visual
patterns on the lamps inner surface.
Figure 8.9 is an exploded view of the main parts of the lamp, excluding
the Powerbook G4 laptop that runs the software, the power supplies and the
cooling system.

Figure 8.8: The final prototype of the AEI lamp. Left pictures: General measurements in millimetres. Right picture: main sensors and actuators.
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Figure 8.9: Exploded view with
the lamp’s main parts. The laptop
with control software, the power
supplies and the water-cooling
systems are not included in the
picture.

A professional porcelain caster and artist, Frans Ottink (StudioZAND,
2008), made the porcelain outer shell. I made a positive for his moulds. This
positive was first modelled in Solidworks and subsequently printed with the
Industrial Design /d.search-labs (Wensveen, In Press) Objet 3D printer. The
lamp uses modified Phidget capacitive sensors, placed beneath the porcelain outer shell, to pick up touch. It measures position across the length of
the surface, and on the top part it also senses position across the width of
the surface.
An array of 48 high power Luxeon LEDs comprises the light actuator.
These LEDs have a Luminous Flux of 20 lm, which means they produce more
than enough light to sufficiently illuminate a book for reading in a darkened
room. They furthermore react instantly to control signals (in less than 100ns),
allowing a high level of control on their light levels over time. Their colour is
warm white, which gives softer and more pleasant reading light than regular
white or yellow LEDs. The LEDs are controlled with 12 Quadpuck DMX LED
driver modules. These LED driver modules are connected to the laptop via
USB. The LEDs can heat up to 70 degrees Celsius. This heat dissipation poses
demands on the hardware design of the lamp: First, every component inside
the lamp is capable of withstanding at least 80 degrees Celsius. Second, all 48
LEDs are thermally bonded on a copper heatsink. Third, a ventilation opening of 2mm along the seam of the outer and inner shell is created. Fourth,
a water-cooling system is attached to the heatsink, in case extra cooling is
needed during heavy use. A temperature sensor monitors the inner temper-
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ature of the lamp. The software patch I wrote for the lamp warns when the
temperature reaches 40 degrees Celsius. During normal use, without extra
cooling, the temperature usually stays below 35 degrees.
Each LED is equipped with a lens that focuses the light in a beam with
a total beam divergence of 10 degrees. The heat sink that holds the LEDs is
critically shaped: It positions the LEDs in such a way that their light beams
have the right direction. See the leftmost picture of Figure 8.10 for the LEDs
positioned on the heatsink. The lamp’s light is directed by switching on the
LEDs that are aimed at a specific direction. The middle and right picture of
Figure 8.10 show the reach of the lamp’s light beams. This reach covers a
horizontal area of approximately 1.5 by 1 meter measured at the level of the
lamp’s base. This reach of light beams is which is wide enough to light a magazine held by a person in a myriad of reading postures.
The lamp has a small camera (web cam of type Macally Icecam), positioned at the centre of the heat sink. It looks through the transparent inner
shell. This camera is used to detect and follow objects in front of the lamp.
The middle picture of Figure 8.10 shows this camera’s viewing angle. The
transparent inner shell is polyurethane, shaped by vacuum casting. It has
semi-transparent ribs along the length of the inner surface. These ribs protect a person’s eyes from direct contact with LED light, while the light that
shines on the reading material is not hindered. The prototype is mounted on
a cabinet that holds the 12 Buckpuck LED drivers and the pump and coolant
reservoir.

Figure 8.10: Left picture: The lamp without inner shell shows the heat sink that positions the
LEDs and the camera. Middle and right picture: CAD drawings of the range spanned by the
LED beams used to create reading light. The darker beam is the camera’s view angle.

chapter 8

Figure 8.11: Screenshot of the main screen of the Max/MSP patch controlling AEI’s sensorymotor system.

Software
I wrote a Max/MSP patch that offers basic functionalities as a starting
point for design and implementation of the final behaviours. See Figure 8.11
for a screenshot of the Max/MSP patch. The patch consists of:
• An input part that translates raw data from the capacitive touch sensor
array into x,y coordinates of touch. The x and y-axes of this coordinate
system are curved; they bend along with the curved surface of the lamp.
The y-axis bends along with the outer surface of the lamp from the bottom of the lamp to the tip of the lamp (viewed from the side). The x-axis
follows the lamp’s outer surface from the leftmost point to the rightmost
point (in front view).
• An input patch that analyses the raw data from the camera. It divides the
camera view in a 3 x 3 matrix and indicates how much movement is detected in each cell (how many pixels change colour) and calculates an x,y
coordinate of the centre of the movement.
• An output patch that generates a light spot on the LED array. It takes x,y
coordinates, and parameters for light intensity (0 – 100 %) and light spot
radius.
• A follow object patch: This follow object behaviour was realised by mapping the location of the centre of movement from the camera input patch
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•

to a corresponding (estimated) physical location, and then switching on
the LEDs that were directed at that location.
A ‘behavioural crossfader’ patch: The lamp has several modes. It can move
its light spot in reaction to touch location, in reaction to visual movement
detection, or decide to move the light spot pro-actively. A sudden switch
of one mode to the other could result in a sudden jump in light spot position, intensity and radius, which is often not desirable. This patch enables
fluent transitions between modes, in a tempo that is adjustable. On command, it gradually decreases the influence on the light spot parameters
of one mode (e.g., touch mode) while it gradually increases the influence
of the other mode (e.g., visual tracking) on these parameters.

8.4.4 Behaviour in interaction design
At this point, the lamp had its final body with its inputs and outputs and
some basic software functionalities. A set of three behaviours was already
made for the initial ‘vase’ prototype. These behaviours needed to be adapted
for this particular body with its sensory-motor system. To make the design
and implementation process insightful, I treat this last behaviour design cycle as if it started from scratch. Before treating the final design of the behaviours in interaction, I give an example of how three different perspectives on
behaviour in interaction (Dynamic Form, Social Activity and Sensory-Motor
Activity) relate to each other and influence each other in this design process.
An example from the behaviour design process
The set of criteria for the behaviour targeting Helpful featured Free Flow
Effort. The idea came up to implement this quality through the following Social Activity level scenario: A light spot would eagerly try to follow a person’s
reading material, but it would grow tired after a while and fall downwards.
Falling has a Free Flow Effort quality. To implement the quality Free Flow in
this movement, I decided to simulate gravity. Gravity did not exist in the sensory-motor system of the lamp (read: in the software that determined how
the light moved). This meant I had to model it. I modelled how gravity would
change the light spot’s position over time using formulas derived from Newton’s second law of motion.
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a=

F
m

a is the light spot’s acceleration.
m is the simulated mass of the light spot.
F is the simulated net force on the light spot. In the current model, the force
and acceleration work along the direction of the y-axis. The software model
includes two kinds of forces. One is the force exerted on the light spot by
gravity ( Fgravity ), pulling it downwards along the y-axis. The other is the force
exerted on the light spot by hand (Fhand ):
F = Fgravity + Fhand
Fhand is included to enable a person to act on the light spot. It is derived from
the touch location’s speed and direction upwards or downwards along the
y-axis. The higher the speed of touch movement the higher Fhand is. The upward direction is the positive direction, the downward direction is negative.
Fhand is time dependent, while Fgravity is constant. If we assume no initial acceleration, the formula for acceleration of the light spot is:
a (t) =

Fhand (t)
Fhand (t)
Fgravity
+
=-9.81 +
m
m
m

The ratio of Fgravity and the light spot’s mass is -9.81, assuming the gravity
constant. The minus sign indicates the direction is downwards. To come to a
formula for the light spot position on the y-axis, the light spot speed at time
t is derived:
t

v (t) = v (0) +

t

# a (t) dt = v (0) + # (- 9.81 + F

(t)
) dt
m

hand

0

0

v (t) is the speed of the light spot at time t.
v (0) is the initial speed of the light spot.
The software approximates this formula by accumulating small steps of time
interval Dt:
M

v (t) . v (0) + / (- 9.81 +
i=1

Fhand (iDt)
) Dt
m

(M =

t
)
Dt

The next step is to derive position from speed. Mathematically this step is as
follows:
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t

y (t) = y (0) +

# v (t) dt
0

y (t) is the position of the light spot on the y-axis at time t.
y (0) is the initial position of the light spot on the y-axis.
This step also needs to be approximated by the software using small, discrete steps of size Dt:
N

y (t) . y (0) + / v (jDt) Dt

(N =

j=1

t
)
Dt

The final formula shows all these steps in one:
y (t) . y (0) + / d v (0) + / (- 9.81 +
M

N

j=1

i=1

Fhand (iDt)
) Dt n Dt
m

When experiencing this gravity mode, it turned out that, from the Social
Activity perspective, the movement looked too much like a deliberate movement downwards. By tweaking the gravity constant the effect of falling in
Free Flow Effort could be made clearer. In the end, the gravity constant was
made lower, so that the falling movement took longer. And giving the light
spot a push with the hand in this configuration gave a nice Sustained Time
Effort effect, since it moved up and downwards like a feather.
If we analyse this part of the behaviour design process, we see that I
moved from the Dynamic Form level (Free Flow) to the Social Activity Level
(falling down out of tiredness). Subsequently, I worked in the Sensory-Motor
implementation level (modelling and programming the gravity). Trying this
out allowed me to evaluate the behaviour at the Social Activity level (does
the movement seem intentional or not?) and eventually back to the implementation level (tweaking the constants in the model). This example shows
how mutually dependent the three levels are, and how design involves continuous switching between levels. Iteratively experiencing implementations
is an essential part of this process. It allows evaluation of design decisions
made on one level from the perspective of the other levels. But experiencing an implementation can also bring new ideas, e.g., playing around with
the light spot in the gravity mode inspired me to implement the ‘jumping
behaviours’ in the lamp.

chapter 8

Final behaviour in interaction designs
The final behaviours are explained here from three perspectives: Social
Activity, Dynamic Form and Sensory-Motor Activity. The descriptions on the
level of Social Activity explain the behaviours in interaction in social terms.
The Dynamic Form descriptions state which Interaction Qualities were intended to be implemented. The Sensory-Motor Activity level explanations
indicate how the other levels are implemented in the lamp’s sensory-motor
system (how its sensor readings are related to its actuators).
Behaviour in interaction targeting Helpful
The following criteria were specified for the behaviour in interaction
targeting the value Helpful:
Quality

Level

Time Effort

Sustained

Weight Effort

Light

Flow Effort

Free

Space Effort

Indirect

Opening-Closing

Closed

Advancing-Retreating

Retreating

Rising-Sinking

Neutral

Enclosing-Spreading

Alternating

Kinespheric Reach

Middle

Initiative

Causing

Dynamics Increasing-Decreasing

Neutral

Duration

3 minutes

Figure 8.12 shows a sequence of images from the AEI lamps behaviour
in interaction in the Helpful mode. The interaction strategy consists of multiple Phrases. Table 8.1 lists each Phrase, and gives descriptions on the Social
Activity, Dynamic Form and Sensory-Motor Activity level. Film clips of all interactions described in this chapter are available at: http://www.philipross.
nl/thesis.
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0:00 (phrase 1)

0:04 (Phrase 2)

0:05

0:15 (Phrase 3)

0:18

0:19 (Phrase 4)

0:21

0:33 (Phrase 5)

0:35

0:39 (Phrase 6)

0:50 (Phrase 7)

0:55 (Phrase 8)

Figure 8.12: Snapshots of lamp behaviour in interaction targeting Helpful. The snapshots
are accompanied by a time indication in seconds and the Phrase number. Film clips of all
‘snapshot’ figures in this thesis are available at www.philipross.nl/thesis.
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Table 8.1: Overview of behaviour in interaction design of AEI lamp in Helpful mode (continued
on next page).
Phrase Social Activity

Dynamic Form

Sensory-Motor Activity

Sustained Time

The light of the light spot leaves a trail
that dies out slowly. Implemented by
generating 4 ‘echo’ light spots that
each trail behind the current light
spot location. They lag behind in multitudes of 100 ms. Each consecutive
light spot diminishes in intensity (in
four steps from the current light spot’s
intensity to near zero intensity for the
last spot).

1 The AEI lamp awaits the
person.

Sustained Time

Bottom 3 LEDs are controlled using
low intensity sine wave patterns.
Intensity varies from 0 to 20% and one
cycle lasts 2 to 8 seconds. Maximum
intensity and cycle time are assigned
randomly per LED.

2 When the lamp detects the
person sitting down, the
light spot starts ‘jumping’ up,
indicating it wants to move
upwards. It can’t reach up all
the way but keeps trying.

Sustained Time,
Free Flow, Light
Weight, Causing

Gravity is simulated (See description
in the previous section). Impulses
upwards are simulated at random
intervals after touching down.

3 The person gives the lamp
a hand by placing the hand
near the light and dragging it
upwards.

Sustained Time,
Free Flow, Light
Weight, Causing,
Advancing

Idem. Switch to next Phrase when
light spot passes a threshold height.

4 The light spot, arrived where
it wants to be, eagerly tries
to focus on the reading
material.

Sustained Time,
Free Flow, Light
Weight, Indirect
Space

Switch to visual tracking mode.

All

5 After trying to focus, the light Sustained Time,
spot looses intensity and falls Free Flow, Light
down.
Weight, Retreating

After 8 seconds, dim intensity from
current I to 2% in 3 seconds. 2 Seconds
later switch back to gravity mode.

6 The light spot tries to jump
up again, similar to Phrase 2.

See Phrase 2.
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Weight, Causing
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Phrase Social Activity

Dynamic Form

Sensory-Motor Activity

7 The person gives a hand,
similar to Phrase 3.

Sustained Time,
Free Flow, Light
Weight, Causing,
Advancing

See Phrase 3.

8 The light spot reached its
destination and focuses
on the reading material.
Although it sometimes still
has trouble focusing, it does
not fall down anymore. It is
in a delicate balance though,
because when it is touched,
it looses its balance and falls
down again. In that case,
Phrase 6 and 7 are repeated.

Sustained Time,
Free Flow, Light
Weight, Indirect
Space

Switch to tracking mode. In case of
touch detected, switch back to gravity
mode and go to implementation of
Phrase 6.

The table overview shows that most of the criteria for the Helpful mode
are implemented in at least one of the Phrases. Only opening could not be
implemented anywhere. This is related to the AEI lamp’s body, that does not
give opening or closing possibilities. In Phrase 3 and 7, an Advancing Shape
Quality needed to be implemented. This works against the Retreating criterion, but it could not be avoided. Total duration with a repetition of Phrase
6 to 8 is 1 minute 11 seconds. This is not exactly the 3 minutes described in
the criteria. This 3 minutes is the longest duration criterion in the three sets
of criteria. With 1 minute 11 seconds, the behaviour targeting Helpful is still
the longest of the three (see the upcoming descriptions of Social Power and
Creativity behaviours).
Behaviour in interaction targeting Social Power
The following criteria were specified for the behaviour in interaction
targeting the value Social Power:
Quality

Level

Quality

Level

Time Effort

Neutral

Rising-Sinking

Neutral

Weight Effort

Alternating

Enclosing-Spreading

Neutral

Flow Effort

Bound

Kinespheric Reach

Middle

Space Effort

Direct

Initiative

Reacting

Opening-Closing

Neutral

Dynamics Increasing-Decreasing

Neutral

Advancing-Retreating

Alternating

Duration

Half a minute
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Figure 8.13 shows snapshots of the behaviours in interaction in Social
Power mode. Table 8.2 describes each Phrase on the three levels Social Activity, Dynamic Form and Sensory-Motor Activity.

0:00 (phrase 1)

0:01

0:01 (Phrase 2)

0:02

0:10 (Phrase 3)

0:11

0:12

0:30 (Phrase 4)

0:31

Figure 8.13: Snapshots of lamp behaviour in interaction targeting Social Power.
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Table 8.2: Overview of behaviour in interaction design of AEI lamp targeting Social Power
Phrase Social Activity

Dynamic Form

Sensory-Motor Activity

Direct Space,
Bound Flow

The light spot follows the exact path
of the hand when touched. When the
hand touches the lamp away from the
spot, the spot takes the shortest path
towards the hand.

1 On each new touch, the lamp
switches on with a sharp and
bright flash. This intends
to give a person the feeling
of having control over a
powerful device: A very small
gesture activates the lamp
maximally.

Advancing, Strong
Weight, Reacting

When touch is detected, all LEDs are
powered 100% for 100 ms…

Retreating, Strong
Weight

…and immediately afterwards
dimmed to 0%.

2 Directly after the flash, a
light spot fades in under the
person’s hand.

Direct Space

A light spot is placed at hand position,
light spot intensity is increased from 0
to 100% in 1500 ms.

3 The lamp gives the person
full control over direction of
the light beams.

Bound Flow,
Direct Space, Light
Weight, Reacting

The light spot location is directly mapped to the position of
the hand on the touch surface:
(x,y)spot=(x,y)hand Light beam direction is coupled to light spot location:
It is (approximately) perpendicular
to the touch surface at the light spot
location.

4 A short tap by the person’s
hand generates the flash
again. The lamp remains off,
when there is no touch after
the tap. This is a small action
with a big effect, similar to
the effect in Phrase 1.

Advancing, Strong
Weight, Reacting

When touch is detected, all LEDs are
powered 100% for 100 ms…

Retreating, Strong
Weight

…and immediately dimmed to 0%. If
no touch remains after the flash, the
LEDs remain off.

All

The envisioned duration of creating reading light with this lamp is 19 seconds (Phrase 1 to 3). The criterion for duration is 30 seconds, which is the
shortest duration of the three sets of criteria. Although the designed behaviour in interaction is not exactly 30 seconds, it is the shortest one of the
three.
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Behaviour in interaction targeting the value Creativity
The following criteria were specified for the behaviour in interaction
targeting the value Creativity:
Quality

Level

Quality

Level

Time Effort

Quick

Rising-Sinking

Neutral

Weight Effort

Neutral

Enclosing-Spreading

Neutral

Flow Effort

Bound

Kinespheric Reach

Middle

Space Effort

Neutral

Initiative

Neutral

Opening-Closing

Neutral

Dynamics Increasing-Decreasing

Neutral

Advancing-Retreating

Advancing

Duration

One minute

Figure 8.14 shows snapshots of the behaviours in interaction in the mode
targeting Creativity. Table 8.3 describes each Phrase on the three levels Social Activity, Dynamic Form and Sensory-Motor Activity.

0:00 (phrase 1)

0:01

0:02

0:04

0:05

0:07 (Phrase 2)

Figure 8.14: Snapshots of lamp behaviour in interaction
0:09

targeting the value Creativity.
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Table 8.3: Overview of behaviour in interaction design of AEI lamp targeting Creativity.
Phrase Social Activity

Dynamic Form

Sensory-Motor Activity

All

Direct Space,
Reacting

Each touch creates a small light spot
(25 mm diameter) at the exact location of the touch.

All

Quick

The light spot has full intensity
instantly.

All

Bound Flow,
Reacting

When the hand moves, the light spot
follows directly.

1 The person has freedom of
arranging the small light
spots on the lamp, which
invites him to creatively
create a light composition on
the lamp.

Direct Space,
Reacting,
Quick, Bound Flow

See the three descriptions before.
Maximum number of spots is 6. When
6 spots are created, the oldest spot is
replaced.

2 When the maximum number
of spots is reached, each new
spot cancels the oldest spot.

Idem

Idem

The criterion Advancing is not implemented in this design. The envisioned
duration of exploring the light composition and subsequently creating reading light is 30 seconds. The criterion for duration demands 60 seconds. This
duration criterion is in between the other two lamps. The duration of this
behaviour design is in between the other two behaviour designs as well.

8.5 Luxger lamp design and design process

T

U/e Industrial Design bachelor student Rutger Menges designed a second lamp according to the three sets of Dynamic Form criteria. His lamp,
called Luxger, actually moves its body physically. This design process roughly followed the same steps as the AEI design process (concept generation
through physical and sketch explorations, initial interactive prototype, final
body design, implementation of criteria), so it will not be treated in the same
detail.
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humble
polite
scared
doubting
follow

direct
advancing &
retreating
strong & light weight
not quick
not sustained
half a minute
reacting
not opening
not closing
bound flow

playful
illogical
graceful

advancing
quick
1 minute
neutral weight
not direct
not indirect

on the background

Social Power

look at you
shiver

not enclosing
not spreading
dynamics not increasing
not decreasing
not rising
not sinking
middle reach

light weight
indirect
free flow
closing

Helpful

flicker
help cross
threshold

causing

fall

retreating

unable

sustained
3 minutes

trying
willing

Creativity

cheeky
daring

unexpected
movement/reaction

not willing

Figure 8.15: Extra rings are added to the criteria, containing Social Activity level characteristics
of the envisioned interaction.

Menges approached the step towards the Social Activity level slightly
differently than me. He directly associated the Interaction Qualities with
character traits of his lamp. Figure 8.15 shows a graphical representation of
this step. Extra rings are placed around the criteria, containing Social Activity
level characteristics that fit the Interaction Qualities.
Resulting body design prototype
Figure 8.16 Shows pictures of the final body design. The ‘head’ of the
lamp contains an array of ultrabright LEDs. The top of the head is touch-sensitive. It senses touch location across the head width. The lamp has two joints
with servomotors. The two joints determine the position and orientation of
the lamp head. The servomotors allow the lamp to control this position and
orientation. The head can also be adjusted by hand. The lamp is equipped
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Figure 8.16: The Luxger final prototype with its main
sensors and actuators.

with a distance sensor to pick up the presence of a person. The head is where
the interaction takes place. Menges expressed this foreground role of the
head in the way he shaped the lamp components. The voluminous head is on
the foreground, while the other, slimmer parts remain on the background.
Final behaviour in interaction designs
Behaviour in interaction targeting the value Helpful
Figure 8.17 shows the behaviour in interaction targeting Helpful. Table
8.4 describes each Phrase on the three levels.

0:00 (phrase 1)

0:01

0:01

0:01

0:02

0:02

0:04 (Phrase 2&3)

0:05

0:06
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0:18 (Phrase 4)

0:20

0:21

0:27

0:28

0:30 (Phrase 5)

0:32

0:33 (Phrase 6)

0:57

Figure 8.17: Snapshots of lamp behaviour in interaction targeting the value Helpful. (Continued from the previous page.)

Table 8.4: Overview of behavioural design of Luxger lamp in Helpful mode. (Continued on the
next page.)
Phrase Social Activity

Dynamic Form

Sensory-Motor Activity

1 The lamp is ready for use. But
as soon as the person touches
the head to adjust it, the
lamp looses its stability and
gives in to gravity.

Free Flow, Light
Lamp head is initially in upward
Weight, Retreating, position. When touch is detected, the
Sustained Time
power to the servomotors is cut, which
gives gravity free play on the lamp.

2 The person tries again to
bring the lamp into a good
position for reading. But it
lacks strength to maintain
the position and falls down
again.

Free Flow, Light
Idem
Weight, Retreating,
Causing, Sustained
Time

3 This person tries again, with
the same result.

Idem
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Phrase Social Activity

Dynamic Form

Sensory-Motor Activity

4 The lamp slowly tilts its head
up, and tries to move itself
upwards. This indicates it
wants to get in position, but
cannot do it. In between
tries, it falls back.

Light Weight,
Indirect Space,
Sustained Time,
Light Weight,
Causing

The servomotors are alternately powered and not powered. When powered,
they are sent slowly to predetermined
positions.

5 The person picks up the
lamp head again and places
into position. This feels like
helping the lamp: The lamp
tried but could not do it on
its own. Each time the lamp
is placed in position, it falls
back a bit, but it gets more
stable each time.

Light Weight

The position the person puts the
lamp in is stored. When released, the
servomotor power is cut, but quickly
restored. The servos are sent back to
the stored location.

Behaviour in interaction targeting the value Social Power
Figure 8.18 shows the behaviour in interaction in Social Power mode.
Table 8.5 describes each Phrase on the three levels Social Activity, Dynamic
Form and Sensory-Motor Activity.

0:00 (phrase 1)

0:01

0:04 (Phrase 2)

0:05

0:05

0:06 (Phrase 3)

0:07

0:08 (Phrase 4)

0:09
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0:11 (Phrase 5)

0:13

0:16
Figure 8.18: Snapshots of
lamp behaviour in interaction targeting the value
Social Power. (Continued
from previous page.)

0:20

0:25

Table 8.5: Overview of behaviour in interaction design of Luxger lamp in Social Power mode.
Phrase Social Activity

Dynamic Form

Sensory-Motor Activity

1 When a person sits down, the
lamp directs itself at the person,
indicating it is ready for use.

Advancing, Direct
Space, Bound Flow
Reacting

A distance sensor picks up the
person. The rotation angles are
adjusted to the desired position.
LEDs are fully powered.

2 When the person touches the
lamp, the lamp suddenly retreats,
as if it is scared and does not
want to be touched.

Retreating, Direct
Space, Bound Flow,
Light Weight

The rotation angles are adjusted
on the touch sensor signal.

3 The lamp repeats its behaviour a
second time.

Idem

Idem

4 When the person grabs the lamp
the third time, the lamp stubbornly resists and stays put. It
indicates it really does not want
to cooperate.

Retreating, Direct
Space, Strong
Weight, Bound
Flow

The servomotors are fixed in their
position.

5 When the persevering person
tries for the fourth time, the lamp
gives in. It lights up and allows
the person to adjust it anyway
he wants. This victory gives the
person Social Power.

Direct Space,
Bound Flow, Reacting, Light Weight

On touch the servos are powered
down. The joints move freely
in this state. When the person
lets go, the servos are powered
again, fix the current position and
orientation of the head.
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Behaviour in interaction targeting the value Creativity
Figure 8.19 shows the behaviour in interaction targeting Creativity. Table 8.6 describes each Phrase on the three levels.

0:00 (Phrase 1)

0:03

0:15 (Phrase 2)

0:18

0:18

0:19 (Phrase 3)
Figure 8.19: Snapshots of
lamp behaviour in interaction targeting the value
Creativity.

0:20

0:25

Table 8.6: Overview of behavioural design of Luxger lamp in Creativity mode.
Phrase Social Activity

Dynamic Form

Sensory-Motor Activity

1 The lamp is not ready for use.
Direct Space,
When the person tries to adjust it, Bound Flow, Strong
it resists. It indicates something
Weight
else needs to be done first.

The lamp head is placed at a low
position. The servos are fully
powered, which fixates the lamp
head there. The LED array displays
a dynamic pattern.

2 The person needs to explore how
to switch the lamp on. When
the person touches the lamp, it
gives hints about how it can be
switched on fully.

Direct Space,
Bound Flow,
Reacting

A mapping between the touch
location and the pattern send to
the LED array is made.

3 When the puzzle is solved, the
lamp indicates it is ready for use
and gives the person full control
over its position.

Direct Space,
Bound Flow, Reacting, Advancing

Led array is powered 100%.
The servos move the head to an
upward orientation. When the
person touches the head, the
servos are temporarily released, to
allow free repositioning.
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8.6 Interaction Quality evaluation of the two lamps
A rating experiment was conducted to check whether the Product Dynamic
Form criteria are implemented sufficiently.

8.6.1 Lamp behaviour rating experiment set-up
Two of the four raters that previously rated the dancers in the Light Dancer
experiment, participated in this experiment. Since the raters turned out to be
reliable according to the inter-rater reliability analysis described in chapter
7, only two of this group of four participated in this experiment. These raters
were already experienced with the rating task, so they needed no further
training. Interactions with each lamp in each mode (targeting Social Power,
Helpful and Creativity) were captured on film. The designers interacted with
their own lamps in the film clips. The resulting six film clips were handed out
to the raters on DVD. The raters used the same rating form they used for the
dancer experiment.

8.6.2 Analysis of results
The rating session resulted in two ratings per criterion per lamp behaviour. The ratings are reworked into levels on ordinal scales, to see whether the
criteria are successfully implemented. This process of recoding is similar to
the process described in chapter 7. For example, a rating ‘Sustained Time Effort’ is translated into a ‘3’ on the scale Time Effort that goes from ‘0’ to ‘3’. The
criteria are recoded into ordinal scales in the same way, to allow comparison.
The difference between the recoded criteria scales and the recoded ratings is
a measure for how successful the criteria are implemented. Take for example
the following situation: The Flow Effort criterion for the behaviours targeting
Helpful is 3 (Free Flow). Rater one assessed the behaviour of the AEI lamp as
Free (3), the other rater assessed it as Alternating (2). The difference between
criterion and rating for the first rater is 0, and for the second rater this difference is 1. These absolute differences between criterion and rater are calculated for all eleven criteria, for all three behaviours (Social Power, Helpful and
Creativity) for both lamps (AEI and Luxger). Table 8.7 and Table 8.8 show for
each behaviour and lamp how many times the difference between criterion
and rating was 0 (perfect match), 1, 2 or 3 (largest difference).
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Table 8.7: Frequency table for each behaviour of the AEI lamp. The column Category indicates
the size of the difference (0, 1, 2 or 3). The Observed N column gives the frequencies of these differences. The total N is always 22, i.e., 2 (raters) x 11 (criteria). The column Expected N gives the
frequencies of the Observed N’s as they would be if they are left totally to chance (22/4 = 5.5).
The Column Residual gives the difference between Observed N and Expected N.

Expected N

Residual

Category

Observed N

Expected N

Residual

Category

Observed N

Expected N

Residual

AEI Creativity

Observed N

AEI Helpful

Category

AEI Social Power

0

10

5.5

4.5

0

12

5.5

6.5

0

6

5.5

0.5

1

8

5.5

2.5

1

5

5.5

-0.5

1

7

5.5

1.5

2

4

5.5

-1.5

2

1

5.5

-4.5

2

6

5.5

0.5

3

0

5.5

-5.5

3

4

5.5

-1.5

3

3

5.5

-2.5

Table 8.8: Frequency table for each behaviour of the Luxger lamp

15

1

8

5.5

2.5

1

6

2

7

5.5

1.5

2

1

3

0

5.5

-5.5

0

Residual

0

Expected N

Observed N

1.5

Observed N

Category

5.5

Category

Residual

7

Residual

Expected N

0

Luxger Creativity

Expected N

Observed N

Luxger Helpful

Category

Luxger Social Power

5.5

9.5

0

7

5.5

1.5

5.5

0.5

1

7

5.5

1.5

5.5

-4.5

2

7

5.5

1.5

5.5

-5.5

3

1

5.5

-4.5

A Chi Square analysis is conducted on these data to see whether these
frequencies are significantly different from the frequencies that one would
expect from chance. Table 8.9 shows the results of this analysis.
Table 8.9: Chi Square analysis on the differences between criteria and ratings

Chi-Square(a)
df
Asymp. Sig.

AEI
Social
Power

AEI
Helpful

AEI
Creativity

Luxger
Social
Power

Luxger
Helpful

Luxger
Creativity

10.73

11.82

1.64

7.46

25.64

4.919

3

3

3

3

3

3

0.013

0.008

0.651

0.059

0.001

0.179

a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 5.5.
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The results of the Chi Square analysis show that 3 of 6 lamps yield significant results at the 0.05 level, i.e., the AEI Helpful and Social Power mode,
and the Luxger Helpful mode. The frequencies in Table 8.8 and 8.9 show that
these are positive deviations from chance level. By far the most differences
are 0 or 1, which indicates most criteria are met exactly, or only one level off.
Conclusion
The criteria are successfully implemented in three out of six designs. Although not all eleven criteria are met exactly, the actual behaviours come
close for these three lamps. This is encouraging news: Both Rutger and I had
no experience in implementing Dynamic Form in design, and still three sets
of eleven criteria were implemented successfully. It indicates that it is possible to implement Dynamic Form criteria in design of behaviours in interaction.
I indicated earlier on the need for a new design language for designing
the dynamics of behaviour of intelligent products and systems in Aesthetic
Interaction. Dynamic Form, specified using the Interaction Quality Framework, provides such a language as is demonstrated in this research-throughdesign cycle. In the next step, all six designs will be evaluated for eliciting
values, to see whether designs not meeting the Dynamic Form criteria could
still successfully elicit values.

8.7 Reflection on the design processes

T

his design phase aimed to implement the Product Dynamic Form criteria,
alongside criteria that relate to experimental testing. This implementation of Interaction Qualities was sufficiently successful for three out of six
sets of criteria, which means a new design language for designing behaving,
intelligent products and systems is successfully created. But there is more to
learn from this process.
The interrelation of the three perspectives on behaviour in this design process

It is possible to analyse behaviours in interaction from different perspectives: Dynamic Form, Social Activity and Sensory-Motor implementation.
During the design process however, these levels are intertwined. One level
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Figure 8.20: Schematic overview of the mu-

Dynamic Form
Product

tual influence of the three levels of behaviour
in interaction in the current design process.
Dynamic Form was fixed.

Social Activities
Product

Sensory-Motor
Implementations

almost automatically emerges with the other. Social Activity level design decisions lead to Interaction Qualities, but in their turn, Interaction Qualities
also inspire new Social Activity level behaviours. And new ideas for Interaction Qualities and Social Activities emerge through creating and experiencing implementations of these levels on the product’s Sensory-Motor level.
This mutual influence worked between all three levels in all directions. So the
process of implementing the Dynamic Form criteria was a matter of continuously switching between Dynamic Form perspective, the Social Activity level
and the Sensory-Motor level. Dynamic Form was fixed, so the design space
was mainly in the Social Activity level, and in determining how to implement
them in the lamp’s Sensory-Motor Activity. Figure 8.20 depicts how the interplay between the three levels happened in the current design process.
Exploring how one level influences the other is not trivial. How to map
design ideas from one level to the next is not obvious. The description of the
design process of AEI shows how different the language used to design at
the Sensory-Motor Activity level was (for example, using formulas to calculate coordinates of the light spot at a time t) from the Social Activity level language (does it fall intentionally or not?). Essential in the entire design process
was evaluation through experiencing implementations. The Social Activity
level can only be experienced when it is implemented at the Sensory-Motor
level. It turned out that the relation between the implementation, and the
Social Activity level experienced in interaction is ‘volatile’. A small change on
the implementation level could create behaviours that seem different at the
Social Activity level. For example, take the gravity constant used in the AEI
behaviour targeting Helpful. When it was too large, it did not seem like the
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Figure 8.21: The mutual influences of the

Dynamic Form
Product

Social Activities
Product

three levels of behaviour in interaction in the
design process.

Sensory-Motor
Implementations

spot lost control and gave in to gravity. Tweaking it after experiencing it was
necessary. Design of behaviour is in the subtleties. Furthermore, to get at the
value level of the person, the crossing needs to be made from the product’s
Social Activity level to the Person Social Activity level (the horizontal part of
the arrow in Figure 8.1). This was all too much to envision beforehand. This
needed to be tweaked by making experiential implementations. Asking expert reviewers to evaluate the behaviours during this process was helpful.
Lessons for other design processes
The lessons learnt in this phase are expectedly applicable in other design processes where product behaviour plays a role (intelligent products
and systems). The design process described in this chapter was limited because of the fixed Dynamic Form criteria. In other design processes, where
the design criteria are defined on the Value level, this does not have to be so.
Such a design process of behaviour in interaction could look like Figure 8.21
schematically.
The Dynamic Form perspective, specified with the Interaction Quality
Framework, proved its applicability in analysis of behaviour in interaction
(chapter 7) and in synthesis of behaviour (current chapter). Its use was ‘crippled’ in this chapter’s design process for experimental reasons: Dynamic
Form was fixed in criteria. Considering the interrelatedness of the Dynamic
Form level with the Social Activity and Sensory-Motor, it is advisable to use
Dynamic Form more freely. This way it could help design bridge the Social
Activity level and the implementation at the Sensory-Motor Activity level.
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Iterative experience as part of the design process
Experience is essential for evaluation. Only through experiencing an implementation, a design decision can be evaluated. Behaviour in interaction
is just too rich to be fully imagined, or captured on storyboards or sketches.
This is also why it is helpful to make implementations early in the design
process. It helps evaluate design decisions on other levels. Making the design experiential also inspires design. Making a working prototype is not
just about implementing a preconceived design idea that lives on one of the
other levels. It inspires new design decisions on these other levels as well.
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9.1 About this chapter

T

his chapter describes an evaluation experiment with the two lamps created in the previous chapter. The lamps are intended to elicit their target
values in interaction by portraying behaviour in interaction that has specific
Dynamic Form. This Product Dynamic Form is specified in three sets of Dynamic Form criteria, one for Social Power, Helpful and Creativity. Figure 9.1
shows the intended ‘path’ from Product Dynamic Form to Person Values, as it
is explained in the previous chapter.
Although the Social Activity level and the Sensory-Motor Activity level
were relevant in the design phase, the current experiment is concerned primarily with the end-point of the arrow in Figure 9.1. Two questions are posed:
Are the target values actually elicited in interaction? And how do the values
that the person brings into the interaction, his value priorities, influence his
evaluation of the interaction? This second question relates to research question 3: Is there a systematic relation between, on the one hand, the compatibility of values of the person interacting and the elicited values, and, on the
other hand, this person’s interaction evaluation?
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Section 9.2 describes the set-up of the Intelligent Lamp Evaluation experiment, which includes a special selection process of participants to get four
groups with four different value priorities. Section 9.3 treats the experiment’s
hypotheses. The results of this experiment are presented in section 9.4. Section 9.5 gives a reflection on this experiment. The chapter concludes in section 9.6 with a reflection on the current research-through-design cycle.

9.2 Intelligent Lamp Evaluation experiment set-up
Stimuli
The stimuli were live interactions with the three behaviours of both
lamps. These behaviours, targeting the values Social Power, Helpful and
Creativity, are described in chapter 8. The interactions took place in the living room and the bedroom of the /d.search-labs context lab (Wensveen, In
Press). These rooms have home interiors, to create a context that fits the interactions. See Figure 9.2 for pictures of a person interacting with the lamps
in the two contexts. Each lamp was connected to a laptop by two experimenters. The experimenters used these laptops to switch modes between
participant interactions. The software controlled the lamp behaviours during
participant interactions without intervention of the experimenters.
Participants
The group of participants was a special selection of people based on
value priorities. One of the two questions underlying this experiment was
about possible relations between people’s value priorities and the way they

Figure 9.2 left picture: The living room context. Right picture: The bedroom context. During
the experiment, these rooms were darkened.
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evaluate the lamp interactions. A diverse participant group was created in
terms of value priorities to be able to answer this question.
A total of 127 people were asked to fill in the Schwartz Value Survey.
Ninety-six of these people were first year Industrial Design students in their
introduction week. All participants were students at TU/e, from several departments or Fontys College in Eindhoven. None of these people had experience in interaction design. The advantage of having participants from
the same social group (students) was that the factors other than values were
more constant than they would be in a heterogeneous participant group.
The students were categorised into four Value Groups, according to their
value priorities. Figure 9.3 shows how these Value Groups were distributed.
Value Group 1 contained people that prioritised the values in the SelfEnhancement quadrant highest. Value Group 3 contained people that prioritised the Self-Transcendence quadrant values highest. Value Group 4
contained people that prioritised Openness-to-Change values highest. Value Group 2 was a hybrid group. The students in Value Group 2 valued SelfTranscendence highest, while prioritising Conservation values higher than
all other students. This Value Group was defined like this because none of
the 127 students prioritised Conservation values highest. The categorisation
of the 127 students into the four Value Groups was done by determining

chapter 9

SE

a mean score for each value quadrant (based on mean value type scores,
calculated according to Schwartz (1992b)). The students were categorised
into Value Groups by looking at which quadrants received the highest scores.
Some students had a more outspoken preference for values of a particular
Value Group than others. In other words, for some students the difference
between the mean scores of values that belong to their Value Group and the
mean scores of the values outside of the Value Group was large. For others
this difference was small. The former had the most outspoken preference for
values in their Value Group. These people were selected for the experiment.
These people were distributed across the groups like follows:
•
5 People in Value Group 1 (4 Male, 1 Female);
•
5 People in Value Group 2 (3 Male, 2 Female);
•
7 People in Value Group 3 (4 Male, 3 Female);
•
7 People in Value Group 4 (3 Male, 4 Female).
Only 5 candidates were found for Value Group 1 and 2 (only a small minority of students had high priority Conservation or Self-Enhancement values). The participant ages ranged from 18 to 25 years old. The participants
received €12,50 for their participation in the interactive part of the experiment. Participants from outside the Industrial Design department received
€7,50 for filling in the Schwartz Value Survey.
Procedure
The current experiment was preceded by a pilot experiment with another group of participants. I will not elaborate on this pilot experiment, except
for one lesson it taught. In the pilot experiment, the participants were not
given any clue how to operate the lamps. The result was that all participants
spent most of their energy trying to find out how the lamps worked. (‘Where
is the on-switch?’, one participant literally asked.) The participants’ effort to
figure out the lamps governed most of their interaction experiences. Most
participants did not even notice differences between the behaviours of the
lamps. Therefore, the current experimental set-up included extra steps for
the participants to get to know the lamp. The procedure was as follows:
1. A participant was welcomed in one of the two (adjacent) rooms
with the lamps. Each room was equipped with a computer for
the participant to fill in forms and a sheet with written instructions. The participant read the written introduction to the experi-
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ment. The literal instructions, translated from Dutch were as follows:
‘Welcome to the context labs of the /d.search-labs. This experiment is
about product interaction. You will interact with several lamp prototypes
in the coming hour. These lamps are designed with special attention for
interaction, and we are specifically interested in what you think of the
different interactions. There are six different interactions in total, divided
over two lamp prototypes. So each prototype will have three different
interaction modes. Consider each interaction mode separately from the
other interaction modes. One of the lamp prototypes is in this room, the
other is located in the room next door.
		
Your assignment each round is to take a seat on the couch, to grab
a book and to create reading light with the lamp. This experiment is not
about the quality of the reading light, but about how you experience the
interaction with the lamps.
		
You will see an instruction video about the lamps, to get used to
them. These videos show how you can interact with the lamps and what
the lamps can do. After the movie you will have time to try the lamps out
yourself to get used to the different interactions.’
2. The participant viewed an instruction video about the lamp in the room.
The instruction video showed example actions performed on the lamp.
The AEI lamp video showed how to drag the light spot along with a stroking gesture, and it showed how the lamp was able to follow reading material with its light spot. The Luxger video showed how to adjust the lamp
position by grabbing the head, and showed how to manipulate the light
by touching the top of the head.
3. Directly after the instruction video, the participant tried out the actions
shown in the video.
4. The participant was asked to take a look at the evaluation forms, so that
he knew what questions to expect later on in the experiment.
5. The participant got time to explore all three lamp behaviours (Social
Power, Helpful and Creativity mode) in a row. No measurements were
done yet. This try-out served to get used to the three behaviours, so that
the participant could fully concentrate on the experience the next time.
6. In this step, the actual measurements were taken. The participant received final, oral instructions (Translated from Dutch):
‘Now we continue with the last series of interactions. For every interac-
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tion mode, go sit on the couch, grab the reading material and use the
lamp for reading light. It’s not the quality of the reading light that matters
here; it’s about how you experience the interaction with the lamp. Keep
the questions from the evaluation form in the back of your head while interacting. To remind you, the form asks for your [emphasised] experience
of the interaction. It does not ask for a description of the lamp. When you
think you can fill in the evaluation form, the interaction is over. Give me a
sign. You don’t have to turn off the lamp. If you want to see the evaluation
form again, or if you have questions, let me know. Else, good luck.’
		
So after each interaction, the participant filled in the evaluation
form on the computer. This step was repeated three times for each lamp.
Across the entire experiment, the lamps and behaviours were presented
to the participants in four different orders. Two of these orders were randomly picked and the other two counterbalanced these randomized orders.
Evaluation form
The evaluation form had four main parts:
1. The three SAM scales Valence, Arousal and Dominance (treated in more
detail earlier in this thesis). These scales were intended to give information about the Person Social Activity level experience of the interactions.
2. Thirteen value scales based on the values:
•
Inner harmony (at peace with myself )
•
Curious (interested in everything, exploring)
•
Humble (modest, self effacing)
•
Freedom (freedom of action and thought)
•
Social power (control over others, dominance)
•
Capable (competent, effective, efficient)
•
Pleasure (gratification of desires)
•
Loyal (faithful to my friends, group)
•
Politeness (courtesy, good manners)
•
An exciting life (stimulating experiences)
•
Sense of belonging (feeling that others care about me)
•
Creativity (uniqueness, imagination)
•
Helpful (working for the welfare of others)
These were the same scales used in the Personality in Interaction Film

evaluating the lamp designs

199

200
Clip experiment, described in chapter 4. The scales were preceded by the
following sentence:
‘Use a tick mark to indicate to what degree the interaction evokes the following terms in you:
Creativity (uniqueness, imagination)
Does not describe it at all

o

o

o

o

o

o

o

Describes it perfectly

3. The third question contained the four evaluation scales that were also
used in the Light Dancer experiment:
The following scales have two opposites. The more you agree with one of the statements, the
closer you place a tick mark’
This lamp

I find interacting
with this lamp
I find interacting
with this lamp
I find interacting
with this lamp

Does not fit me at all
o

Fits me perfectly
o

o

o

o

o

Difficult
o

Easy
o

o

o

o

o

Ugly
o

o
Beautiful

o

o

o

o

o

Ethically bad
o

o

o
Ethically good

o

o

o

o

o

o

4. The fourth part was a space reserved for any comments participants feel
they needed to give related to the experiment.

9.3 Hypotheses

T

wo questions are relevant to this experiment. One is about how successful the lamps are in eliciting values, and one is about the influence of people’s own values on their interaction evaluation. These questions are sharpened into hypotheses. First of all, it is required to test whether the lamps’
behaviours in interaction had any effect measurable with the value scales:
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Hypothesis 1
H0: The mean ratings on the value scales are equal between behaviours
H1: The mean ratings on the value scales are not equal between behaviours
The behaviours are the lamp behaviours in interaction targeting Social Power, Creativity and Helpful of both lamps (N = 6).
Eliciting values is not a matter of eliciting an isolated value, as demonstrated by the Personality in Interaction Film Clip experiment and the Light
Dancer experiment. It is about eliciting a range of compatible values. Take
for example the situation that Creativity is elicited. Theoretically, the scale
for Creativity should have the highest ratings, followed by the scales for the
most compatible values, for example Freedom. A conflicting value, like Helpful, should receive low scores on the scales. In the Film Clip and Light Dancer
experiment, success was measured by comparing the rank order of the mean
ratings with the rank order of mean scores expected from theory. This technique is used here as well, which leads to the second hypothesis:
Hypothesis 2
H0: The correlation between the measured and theoretical rank orders of the
value scores is not significant
H1: The correlation between the measured and theoretical rank orders of the
value scores is significant
Then there is the question about the influence of people’s value priorities on the way they experience and evaluate the interactions. This concerns
research question three of this thesis: Is there a systematic relation between,
on the one hand, the compatibility of values of the person interacting and
the elicited values, and, on the other hand, this person’s interaction evaluation? Human value theory states that people’s value priorities relate to how
people evaluate behaviours. Theoretically, the more compatible behaviour
is with a person’s high priority values, the more positive this person would
evaluate this behaviour (if we assume the context of interaction remains
the same). For example, a person valuing Freedom would be more positive
about interactions with products that allow him to be free than behaviours
that require him to conform to a norm. After all, Conformity values contrast
highly with the value Freedom, according to the value structure.
In this experiment, value priorities are operationalised with the four Value
Groups. Theoretically, the lamps’ Social Power mode is most compatible with

evaluating the lamp designs

201

202
Value Group 1, the Creativity mode is most compatible with Value Group 4
and the Helpful mode is most compatible with Value Group 3. The participants’ evaluation of interaction is measured with the four evaluation scales
(does not fit me – fits me; ugly – beautiful; difficult – easy; ethically bad – ethically good). This all lead to the following hypotheses:
Hypothesis 3:
H0: The mean ratings on the evaluation scales are equal across Value Groups
H1: The mean ratings on the evaluation scales are not equal across Value
Groups
If Value Group would make a difference in the way people evaluate interactions, a significant difference in their ratings should be present.
Hypothesis 4:
H0: The mean evaluation scale ratings for experienced values compatible with
the participant’s Value Group are equal to the mean evaluation scale ratings for
experienced values not compatible with the participant’s Value Group.
H1: The mean evaluation scale ratings for experienced values compatible with
the participant’s Value Group are higher than the mean evaluation scale for experienced values not compatible with the participant’s Value Group.
H1 states in other words that the more compatible the experienced values in an interaction are to the participant’s values, the higher the scores on
the evaluation scales are. The higher the rating on an evaluation scale, the
more positive the evaluation is. The lamps’ Social Power mode is theoretically
most compatible with Value Group 1, the Creativity mode is most compatible with Value Group 4 and the Helpful mode is most compatible with Value
Group 3.

9.4 Results
The experiment results are treated here per hypothesis.
Hypothesis 1
H0: The mean ratings on the value scales are equal between behaviours
H1: The mean ratings on the value scales are not equal between behaviours
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Figure 9.4: The mean scores on the value scales for the three behaviours of both lamps. The
dots mark the target value scores.

Figure 9.4 shows the mean ratings on the value scales per behaviour for
both lamps. The graph shows that the lines only differ slightly. A 6 (Behaviour) x 13 (Scale) within subjects ANOVA, performed on the value scale scores
confirm this. Table 9.1 reports the results of this analysis. (The Luxger prototype failed two times in the Social Power mode, three times in the Helpful
mode and one time in Creativity mode, so these interactions are missing in
the analysis.)
Table 9.1: ANOVA with score on the value scales as the dependent variable and Behaviour and
the value scales (Scale) as independent variables.
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Behaviour

92.4

5

18.5

7.8

0.001

Scale

980.9

12

81.7

34.6

0.001

Behaviour * Scale

110.1

60

1.8

0.8

0.895

Error

4058.8

1716

2.4

Total

33190.0

1794

R Squared = 0.227 (Adjusted R Squared = 0.192)
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Significant main effects are obtained for Behaviour, F(5, 1716) = 7.8 p <
.001, and for Scale, F(12, 1716) = 34.6, p < .001. The interaction effect was not
significant, F(60, 1716) = 0.8, ns. A Dunnett T3 post hoc test for Behaviour indicates that significant differences at p < .05 or better occurred between the
means for the Luxger Helpful behaviour and the five other behaviours. The
same test for Scale indicates a multitude of significant differences between
means (on average, each scale has eight significantly different means with
other scales). (Note: Homogeneity of variance could not be assumed. Nonparametric test, the Friedman Two-way Analysis of Variance by Ranks and
Kruskal-Wallis tests were performed on the value scale scores, with the same
results in terms of significant effects.)
The conclusion is that the mean scores of the value scales differ significantly between behaviours. H0 can be rejected.
The lack of an interaction effect between Scale and Behaviour entails that
the three behaviours were not rated significantly different, if we look beyond
just the mean rating.
Hypothesis 2
For each behaviour:
H0: The correlation between the measured and theoretical rank orders of the
value is not significant
H1: The correlation between the measured and theoretical rank orders of the
value scores is significant
A correlation analysis is conducted to test whether the rank orders of the
scores on the value scales comply with the expected theoretical rank orders.
This analysis is similar to the one conducted in the Personality in Interaction
Film Clip experiment of chapter 4. Table 9.2 shows the results of this analysis.
H0 cannot be rejected for the behaviours targeting Social Power and
Helpful of both lamps. H0 can be rejected for both behaviours targeting
Creativity. It turns out that only the two behaviours targeting the value Creativity are successful. Looking back at Figure 9.4, this is not surprising. The
scores on the value scales for all behaviours show a sine-like curve that peaks
around the Self-Direction values.
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Table 9.2: Correlation coefficients between measured rank orders and theoretically expected
rank orders for the three behaviours of each lamp (all N=13).

Correlations – Kendall’s tau
Correlation Coefficient

0.179

Sig. (2-tailed)

0.393

Correlation Coefficient

0.231

Sig. (2-tailed)

0.272

Correlation Coefficient

0.615

Sig. (2-tailed)

0.003

Correlation Coefficient

0.564

Sig. (2-tailed)

0.007

Correlation Coefficient

-0.256

Helpful

Sig. (2-tailed)

0.222

Luxger

Correlation Coefficient

-0.410

Helpful

Sig. (2-tailed)

0.051

AEI
Social Power
Luxger
Social Power
AEI
Creativity
Luxger
Creativity
AEI

Hypothesis 3:
H0: The mean ratings on the evaluation scales are equal across Value Groups
H1: The mean ratings on the evaluation scales are not equal across Value
Groups
Table 9.3 shows the results of a 6 (Behaviour) x 4 (Scale) x 4 (Group) split
plot design ANOVA performed on the evaluation scale scores. Significant
main effects are obtained for Behaviour, F(5, 456) = 18.57, p < .001, and for
Scale, F(3, 456) = 3.3, p < .020. No significant main effect was found for Group,
F(3, 456) = 0.7, ns. None of the two-way and three-way interaction effects is
significant (see Table 9.3 for details). (Note: Homogeneity of variance could
not be assumed. Non-parametric test, the Friedman Two-way Analysis of Variance by Ranks and Kruskal-Wallis tests were performed on the value scale
scores, with the same results in terms of significant effects. The three-way
test could not be performed.)
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Table 9.3: ANOVA with the evaluation scale scores as dependent variable, and the Value Group,
Behaviour and the four evaluation scales (Scale) as independent variables.
Source

Type III Sum
of Squares

df

Mean Square

F

Sig.

Intercept

10853.6

1

10853.6

5049.4

0.001

Behaviour

199.6

5

39.9

18.6

0.001

Scale

21.3

3

7.1

3.3

0.020

Group

4.2

3

1.4

0.7

0.582

Behaviour * Scale

26.8

15

1.8

0.8

0.642

Behaviour * Group

44.9

15

3.0

1.4

0.147

Scale * Group

23.9

9

2.7

1.2

0.272

Behaviour * Scale * Group

30.5

45

0.7

0.3

1.000

Error

980.3

456

2.2

Total

12714.0

552

R Squared = 0.267 (Adjusted R Squared = 0.114)

The main effect and interaction effects of Value Group are the relevant
effects for this hypothesis. Since there is no significant main effect or interaction effect for Value Group at all for the evaluation scales, H0 cannot be
rejected.
Hypothesis 4:
H0: The mean evaluation scale ratings for experienced values compatible with
the participant’s Value Group are equal to the mean evaluation scale ratings for
experienced values not compatible with the participant’s Value Group.
H1: The mean evaluation scale ratings for experienced values compatible with
the participant’s Value Group are higher than the mean evaluation scale for experienced values not compatible with the participant’s Value Group.
Table 9.3 shows that Value Group has no significant interaction effect
with behaviour. So H0 cannot be rejected.
Further exploration of data
The value scales and evaluation scales show no meaningful differences
between the six behaviours in interaction. To see whether there is any difference in interaction experience between the six behaviours in interaction, the
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SAM scales are explored using ANOVA.
Table 9.4 shows the results of a 6 (Behaviour) x 3 (SAM Scale) x 4 (Value
Group) split plot design ANOVA, performed on the SAM scale scores. A significant main effect is obtained for Scale, F(2, 342) = 34.7, p < .001. In addition, the interaction effect of Behaviour and Scale is significant, F(10, 342)
= 4.7, p < .001. Results of a LSD post hoc test on the variable Scale indicate
that all mutual differences between the scales are significantly different at
p <.05 or better. A LSD post hoc analysis on the interaction effect indicates
that the Luxger lamp in Creativity, Helpful and Social Power mode causes the
significant differences. Significant differences between means are present
regarding Valence and Potency. Figure 9.5 presents a graph with the SAM
scale scores for the six behaviours.
Table 9.4: ANOVA with the SAM scale scores as dependent variable, and the six behaviours and
the three SAM scales (Scale) as independent variables.
Source

Type III Sum
of Squares

df

Mean Square

F

Sig.

Intercept

10235.7

1

10235.7

2985.9

0.001

Behaviour

19.3

5

3.9

1.1

0.345

Scale

237.0

2

119.0

34.7

0.001

Group

15.3

3

5.1

1.5

0.218

Behaviour * Scale

159.9

10

16.0

4.7

0.001

Behaviour * Group

18.5

15

1.2

0.4

0.987

Scale * Group

26.2

6

4.4

1.3

0.269

Behaviour * Scale * Group

95.8

30

3.2

0.9

0.574

Error

1172.4

342

3428

Total

12549.0

414

R Squared = 0.336 (Adjusted R Squared = 0.198)

The SAM scales show that there is, at least for the Luxger lamp, significant difference in how people experienced the interactions. The SAM scale
measurements of Luxger show a pattern that resembles measurements in
the Light Dancer experiment: The Luxger behaviour targeting Social Power
scores highest on Valence (which indicates positive valence), and lowest on
Dominance (which indicates a feeling of being in control). This is the same
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SAM Scales
Behaviour

Estimated Marginal Means

7

AEI Creative
AEI Social Power
AEI Helpful
Luxger Creative
Luxger Helpful
Luxger Social Power

6

5

4

Figure 9.5: The scores of the six behav3

iours on the SAM scales.
Valence

Arousal

Potency

for the dancer-lamp targeting Social Power in the Light Dancer experiment.
Luxger’s behaviour targeting Helpful scores lowest on Valence, and highest
on Dominance, which is similar to the scores of the dancer-lamp targeting
Helpful.

9.5 Conclusions and discussion of the evaluation experiment

T

his evaluation experiment treated two main questions: Do the lamp behaviours in interaction actually elicit their target values in interaction?
And how do people’s own value priorities influence their evaluation of the
interactions? The answer to the first question is ‘no’ for four of six behaviours
and ‘yes’ for two; only the behaviours targeting Creativity were successful.
The second question cannot be answered definitely. No evidence is found
in this experiment of any influence of people’s own value priorities on the
way they experienced the interaction. The rest of this section is dedicated to
analysing the results and the set-up of this experiment more deeply, to try to
understand them and learn from them.
Tracing steps from Product Dynamic Form to Person Values
All behaviours in interaction in this experiment turned out to elicit values that are located in the Openness-to-Change quadrant of the Schwartz
Value Structure, i.e., Creativity, Freedom, Curious and Pleasure. How could
this happen? The Perspectives Framework helps find possible explanations
(Figure 9.6).
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Figure 9.6: The Perspectives Framework. The large arrow indicates how Dynamic Form was
intended to influence the Person Value level. On the right, the Value Scales and SAM scales are
positioned next to the level they give information about.

Part 1 of the arrow, going from the Dynamic Form level to the SensoryMotor Activity level, is the implementation (mapping) of Dynamic Form criteria onto the lamp’s sensory-motor system. This phase is described in chapter
8. This step was successful for the behaviours AEI-Social Power, AEI-Helpful
and Luxger-Helpful. So at the Sensory-Motor Activity level these three behaviours were still successful.
Part 2 of the arrow continues to the Social Activity level, where it crosses
Social Activity level for the lamp, the Interaction and the Person Social Activity level before it ends up at the Person Value level. At the Person Value level,
all behaviours of the lamp in interaction are experienced equally (Opennessto-change values). So did Dynamic Form have no influence at all? Analysis of
the SAM scales (that give information about the Person Social Activity level)
shows that there is difference in the way the participants experienced the
interactions. But this difference is not present at the Person Value level. So
the influence of Dynamic Form reached the Social Activity level, but did not
make it to the Value level.
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Why were only Creativity and related values elicited?
An explanation for this pattern is the newness effect. The participants
were overwhelmed by the novelty of interacting with the lamps. There is a
large difference between the two lamps and standard reading lamps. The
latter are barely interactive, while AEI and Luxger are highly interactive and
innovative. The highly innovative character of the lamps most likely overshadowed the more subtle differences between the behaviour of the lamps.
The content of the values that were scored highly, the Openness-to-Change
values, supports this explanation. The values Creativity, Curious, Pleasure
are in line with a exploring a new situation. A long-term test, preferably in
the participant’s own home, likely diminishes the newness effect enough to
make room for experience of the differences between behaviours.
Influence of personal values
One would expect the people from Value Group 4, with Openness-toChange values highly prioritised, to evaluate interaction with the innovative
lamps more positively than the Conservation people. This effect could not be
significantly demonstrated however. This could have the following reasons:
1. Demonstrating the influence of values on evaluation and behaviour takes
a larger number of participants. Values are concepts that guide evaluation
and motivation, but their influence is indirect (Gutman, 1991). Studies usually have larger numbers of participants. For example Bardi and Schwartz
(2003) used samples of one to two hundred participants for their studies to
find significant correlations between values and behaviours.
2. The current lab study was too ‘artificial’ for people to have personal values
play a significant role in their evaluation. The lamps were not integrated into
their daily lives. The lamps were experienced as novelties that sparked creativity and curiosity at a special occasion, which was fine for everyone: The
people agreed to participate in a study anyway. But maybe the more Openness-to-change people would be more inclined than other people to use this
kind of lamp in their home and incorporate them in their daily routine than
other people.
Reflection on the measuring instrument
A number of participants found the descriptions of two value scales
confusing. They specifically had problems with the following explanations
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between brackets: Loyal (faithful to my friends, group) and Sense of belonging (feeling that others care about me). They remarked that their friends were
not present in the experiment, and that there were no others in the experiment to feel a sense of belonging towards. This could be a reason why these
values generally received the lowest scores. The idea behind these scales was
that people are able to feel and act loyal to an object and that people could
feel a sense of belonging towards an object. These relationships with objects are reported in research (e.g., Gaver, Bowers, Boucher, Law, Pennington
& Walker, 2007). I respected the original explanations of the values when I
translated them into scales. But when they cause this much confusion it is
probably better to leave them out.
The scores on the value scales were reflective measures, that is, participants were asked to reflect on their own behaviours and experiences in this
experiment. It could be informative to analyse the actual behaviour of the
participants as well. This gives more direct information about the way the
participants experienced and evaluated the interactions. Literature describing relations between physical and social behaviour could be of help, like for
example Carney et al. (2005), who describe the relation between dominance
relations and non-verbal behaviour.

9.6 Reflection on research-through-design cycle IV

T

he fourth research-through-design cycle aimed to distil design knowledge from an attempt to go from Dynamic Form to Values. Specific Interaction Qualities were implemented in design of behaviour in interaction,
with the aim to elicit specific values in interaction. The cycle started with
Product Dynamic Form criteria, defined in cycle III. In chapter 8, these criteria
were implemented in two lamp designs, AEI and Luxger. This design process showed how the Sensory-Motor Activity level, the Dynamic Form level
and the Social Activity level are intertwined. Designing behaviours in interaction revealed a mapping problem, requiring constant switching between
perspectives. Making implementations (prototypes) throughout the design
process, starting early, was necessary to evaluate designs on the different
levels. A rating experiment showed that it is indeed possible for designers
to implement the Dynamic Form criteria, formulated in terms of Interaction
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Qualities. The Interaction Quality Framework proved its worth as a language
of dynamic form that serves both analysis and synthesis of behaviour.
The two lamps were evaluated in chapter 9. Only the two behaviours
targeting Creativity were successful. The other behaviours seemed to elicit
the same values in interaction. This may be caused by the newness effect
of interacting with the highly innovative designs. The influence of Product
Dynamic Form reached to the Social Activity level of the participants. It had
influence that was measurable with the SAM scales. Value priorities had no
significant effect on participants’ evaluations of their interactions with the
lamps. This could relate to the experiment set-up: Too little participants and
no integration of the lamps in their personal lives. This section takes a helicopter view over the entire research-through-design cycle and discusses it.
Relation between Dynamic Form and values
This cycle presupposed a specific relation between Dynamic Form and
the Values level. The idea was that if a product behaves with specific Dynamic
Form, it will elicit a specific value in interaction with a person (in a given context, in this case creating reading light with a lamp in a living room). Such a
strong connection is not confirmed by the experiment’s results. At least three
designs behaved rather accurately according to the Dynamic Form criteria,
but they did not elicit the value they targeted.
Was the decision to focus on only Dynamic Form of the Product side the
wrong choice? The dancer-lamp interactions were analysed on Dynamic
Form of Product, Unity and Person. It could be that the relation of Person
Dynamic Form and the Value level was stronger. It is not unlikely theoretically that there is some relation between Dynamic Form of the Person and
the Person Value level in behaviour. For example, inviting a person to behave
with Rising Shape could elicit Social Power in this person (like for example
straightening one’s back is dominant behaviour (Carney et al., 2005)). It could
also be beneficial to design from the Unity Dynamic Form. This is at the heart
of the interaction, it links product behaviour and person behaviour.
Or did I overestimate the relation between Dynamic Form in general and
behaviour on the Values level? This could be. The Social Activity level cannot
be ignored. During the design process it turned out that a single set of Interaction Qualities (Dynamic Form) could be experienced in different ways at
the Social Activity. For example, during the design process I implemented a
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Free Flow Effort movement downwards through simulating gravity. This still
leaves room for several Social Activity level experiences. Is it trying to stay
upright, but is it just unable? Or does it just stop trying to stay upright? The
way a person sees this has consequences for the way he is going to react.
But still, a large body of literature exists that couples body language to social interaction. So theoretically, it seems plausible that Dynamic Form helps
linking the Sensory-Motor Activity level to the Social Activity level in design.
Social interaction with products
Another reason the road from Lamp Dynamic Form to Person Values
did not go as intended could be the difference between a human dancer
and a lamp in social interaction. The implementations of the Dynamic Form
in Luxger’s and AEI’s design process were related to the Social Activity level.
They were anthropomorphic. For example, in Luxger’s Social Power mode,
Retreating, Direct Space, Bound Flow and Light Weight are implemented on
the Social Activity level as: “When the person touches the lamp, the lamp
suddenly retreats, as if it is scared and does not want to be touched”. This is
behaviour that a product normally does not have. It belongs to the human
(or animal) realm. If the person does not see the lamp as a social actor, he
would only see a lamp that moves in an incomprehensible way. Theory states
that people often treat products as social actors, sometimes even as people
or animals. For example, Reeves and Nass reported that people treat computer software as people (Reeves & Nass, 1996). Fogg (2003, p. 24) discerns
three different roles of persuasive computers: computers as tools, as media
and as social actors. I would place AEI and Luxger in both the tool and social
actor category, but if people really experienced them as such is a matter for
further research.
How can we create more successful lamps?
With hindsight, a number of adjustments to the design process could
improve the results.
1. A more flexible role for Dynamic Form in the design process
It turned out that connection between Product Dynamic Form and
Person Values is weaker than expected. This means that the design process
could use Dynamic Form more flexibly. The Dynamic Form could play a useful
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role as intermediate between the Social Activity level and the Sensory-Motor
Activity level. For example, if the designer wants the product to respond aggressively, Dynamic Form can be used to understand what kind of product
movements this would require.
2. Evaluation loops with non-designers
In the design process of AEI and Luxger, we relied too much on expert
reviews. Experts, in this case designers, apparently experience the interactions with the lamps differently than non-designers. Most probably, they expert reviewers are more sensitive to form and may experience more of the
subtleties of it. Trying the designs with non-designers would have indicated
earlier on in the design process where the designs needed to be improved.
3. Use of theory from social psychology and semantics
Theory from social psychology, specifically non-verbal interaction
studies, and semantics could help find links between the Sensory-Motor Activity level and the Social Activity level in design. The dancers in the Light
Dance experiment used their intuition to create their Social Activity strategies and to determine how to use their bodies in interaction. Theory can also
inform design decisions. Social psychology theory informs design decisions
across the Social Activity level, to the Value level (See Figure 9.7). A research

Figure 9.7: Auxiliary theory
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Social Activity
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behaviour

INTERACTION
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community is forming around the semantics of form and movement (Kyffin
et al., 2005). It produces knowledge that is applicable in bridging the Dynamic Form and the Social Activity level. See Figure 9.7.
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General Reflections
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T

he current chapter reflects on the entire body of research conducted in
the four research-through-design cycles. This reflection starts from the research’s problem definition and questions, and progressively takes on a larger perspective. Section 10.1 discusses the research results in relation to the
four research questions formulated in chapter 3. Section 10.2 reflects on the
designs and design knowledge using several key theories, to identify new
directions for follow-up research. The chapter concludes with a discussion of
the ethics of this research.

10.1 Discussion of research questions
10.1.1 Question 1
Is it possible to design an intelligent product or system that elicits specific
values in Aesthetic Interaction?
The results of the Personality in Interaction Film Clip experiment point
towards a positive answer. According to the results, the majority of the evaluated lamps indeed elicited values in Aesthetic Interaction. Eliciting values
turned out not to be a matter of eliciting one specific value, but rather eliciting a range of compatible values. This pattern in the measurements, which
was also found in the final experiment, was in line with human value theory.
Values were also elicited in the Intelligent Lamp Evaluation experiment.
But these values were not elicited the intended way. At first sight it seems
strange that the designs from the final research-through-design cycle did
not perform as well as the designs from the first empirical study. The Personality in Interaction lamps however had several advantages over the intelligent lamps. Firstly, the Personality in Interaction lamps were designed
for their purpose, eliciting specific values, in a holistic way. Every aspect of
their design, including their bodies, functional feedback, colours and materials, was directed at eliciting their target values. Contrastingly, the intelligent
lamps AEI and Luxger could only employ behaviour in interaction as a means
to elicit values. The other aspects of their design were fixed due to experiment related criteria. Furthermore, since I was interested in the strength of
the link between Product Dynamic Form and Person Values, these behaviours were also subject to Dynamic Form criteria. (Being able to divert from
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these criteria in favour of a design idea at the Social Activity level could in
some cases have improved performance of these lamps in terms of eliciting values.) The Personality in Interaction lamps’ second advantage was their
method of evaluation. Most likely, the intelligent lamp experiment measurements were highly influenced by the newness effect that occurred when participants experienced interaction with the innovative lamps. This newness
effect probably did play such a big role in the Personality in Interaction Film
Clip experiment: People are used to seeing new things on film. Experiencing
them live is something else.

10.1.2 Question 2
How can we design an intelligent product or system that elicits specific
values in Aesthetic Interaction?
Two kinds of design knowledge are treated here, namely frameworks for
design of behaviour in interaction and design approaches based on Aesthetic Interaction. The designs mentioned in this section are pictured in Figure
10.1 for easy reference.

Staircase lamp

Throw Ball

AEI

Luxger

Kantian vending
machine

Romantic vending
machine

Nietzschian vending
machine

Confucianist vending
machine

Figure 10.1: Designs pictured for reference in the current chapter.
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Frameworks
Perspectives on Behaviour in Interaction Framework
One of the contributions made in this thesis is the Perspectives on Behaviour in Interaction Framework (Short: The Perspectives Framework). Portraying behaviour in interaction is an essential characteristic of intelligent
products and systems. The Perspectives Framework offers a myriad of ways
to view behaviour in interaction. This helps both analysis and synthesis of
behaviour in interaction. The Perspectives Framework is not ontological: It is
not intended to show what behaviour in interaction is. It is a tool. Figure 10.2
shows Perspectives Framework as it was used in the current research.
The Perspectives Framework offers the categories Product, Interaction
and Person, represented in the three columns. The different perspectives are
represented by rows. In this thesis, four perspectives were defined, i.e., the
Value, Social Activity, Sensory-Motor Activity and Dynamic Form perspective. The framework allows inclusion of other perspectives as well. For example, behaviour in interaction could be viewed in terms of information, or in
terms of emotion. The Perspectives Framework helps structure an analysis of
behaviour in interaction, and it suggests new viewpoints. During the design
process, it helps cope with the complexity of the various, interrelated aspects
of behaviour in interaction.
Dynamic Form and the Interaction Quality Framework
Intelligent products and systems portray behaviour in interaction. Design of such behaviour requires a new form language, one that goes beyond
static form and incorporates the dynamics of behaving products and systems.
Dynamic Form was introduced as a new perspective on behaviour in interaction. It is a design perspective that should help view behaviours in interaction in a format that is tailored to design for Aesthetic Interaction. The Interaction Quality Framework (Figure 10.3) offers a language of Dynamic Form: It
holds elements Dynamic Form is ‘made of’. These elements are derived from
Laban Movement Analysis (Bartenieff & Lewis, 1980, Hackney, 1998, Laban
& Lawrence, 1947), with additions that specifically relate to design of intelligent product and system behaviour. The Interaction Quality Framework
elements help designing behaviour in two ways. Firstly, they allow design
of form in its dynamic sense, which is essential to designing for Aesthetic
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Interaction. Secondly, they help bridge the gap between the Sensory-Motor
Activity level and the Social Activity level. The Interaction Quality Framework
concepts offer links to both these levels. Dynamic Form, specified with the
Interaction Quality Framework, can thus serve as an intermediate level between the Social Activity level and the Sensory-Motor Activity level.
The Interaction Quality Framework was validated as an analysis tool in
chapter 7. Chapter 8 showed that it is possible to implement Dynamic Form,
specified by Interaction Qualities, in the design of behaviour in interaction.
Although the framework is developed and tested in the context of the current research, it is generally applicable in design projects that involve behaviour in Aesthetic Interaction.
An example of such a project is the dynamic living room lighting system
made by TU/e Industrial Design student Victor Versteeg (Versteeg, 2007)
(Figure 10.4). He used the Interaction Quality Framework to design Dynamic
Form at a system level. His lighting system consists of several lamps spread
across the room. Light can move through these distributed lamps, in three
dimensions with specific Dynamic Form. For example, the light can Advance
towards a person in the room with Direct Space Effort, and subsequently Rise
with Sustained Time Effort. An initial evaluation of the system indicated that
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Idem, but of unified body. Make
sure all elements
are connected.

Time
quick: urgent, quick, instantaneous, staccato
sustained: leisurely, gradual, lingering, prolonging

Idem, but of unified
body

Unity

Idem
Near (actions occur
close to the center
of the unified body)/
Middle/
Far (actions occur
at maximum reach
from the unified body
centre)

Idem

‘Far’ is approx. maximum reach possible
for the body, ‘near’
is approx. minimum
reach.

Near/Middle/Far

What is the reach
of space around the
body spanned by the
movements?

Kinespheric
Reach

Weight
strong: powerful, forceful, firm touch, impactful
light: airy, delicate, fine touch, buoyant

Idem, but describe
the shape qualities
of the unified body
in relation to the
target, which is the
magazine.

Idem

Enclosing/N/
Spreading/Alt
(horizontal plane)

Indirect/N/
Direct/Alt (Space)

Idem

Rising/N/
Sinking/Alternating
(vertical plane)

Free/N/Bound/Alt
(Flow)

Opening/N/Closing/
Alt (extending away
from or flexing
towards the body
center)

Advancing/N/
Retreating/Alt
(in saggital plane)

Make a simplified
drawing of the
most characteristic
body posture. Use
a maximum of 4
lines.

How does the body
change shape in relation to the other?

Shape
Qualities

Strong/N/Light/Alt
(Weight)

Quick/N/Sustained/
Alt (Time)
N = Neutral
Alt = Alternating: Use
when both qualities
occur approx. an
equal number of
times, else make a
choice.

What is the
characteristic body
posture in the
whole interaction?

What is the characteristic dynamic
quality of movement
in the whole interaction?

Person

Lamp

Body
Attitude

Interaction
Effort

Figure 10.3: The Interaction Quality Framework

Idem

Idem

Multiple entries are
possible.

Light/Eyes/Head/
Neck/Shoulder(s)/
Chest/Upper Back/
Arm(s)/Forearm(s)/
Wrist(s)/Hand(s)/
Finger(s)/Lower
Back/Abdomen/
Waist/Leg(s)/
Foot(Feet)

Select from:

List the body parts
that are used to form
the connection to
the other player. In
case of multiple connections list multiple
parts.

What body parts
are the connecting
points between the
two players? Note
that connections can
also exist without
actual physical touch
(tension).

External
Connections

Idem

Idem, but of unified body

Idem

Draw a line characterising
the dynamic development
of the interaction.

Indicate how the energy
develops in the interaction.
Think specifically of movement and force. In drawing
the line, take into account
aspects like increase or
decrease on the whole,
smoothness or sharpness of
changes, and regularity or
irregularity.

Interaction
Dynamic
Development

Write a comment when you
think an additional aspect
of movement needs to be
included. Or write any other
remark here.

Comments

Space
indirect: multi-focused, flexible attention, all-around awareness, all-encompassing
direct: single-focused, channeled, pinpointed, lazer-like

Multiple entries are possible.

Light/Eyes/Head/
Neck/Shoulder(s)/Chest/
Upper Back/Arm(s)/
Forearm(s)/Wrist(s)/
Hand(s)/Finger(s)/Lower
Back/Abdomen/Waist/
Leg(s)/Foot(Feet)

Select from:

List all body parts that are
actively involved in interaction with the other player.
Active means:
- Causing the other to move
- Used to initiate his/her
own movements
- Used by other in interaction.
Note: exclude the parts
used solely to interact with
the chair and magazine.

Body
Parts Involved

Flow
free: outpouring, fluid, released, liquid
bound: controlled, careful, contained, restrained

Use ‘Alternating’
when an approximately equal amount
of movements of this
player is a reaction
and a cause.

Causing/Reaction/
Alternating

Are the player’s
movements generally a reaction to the
other player’s movements or are they
causing the other
player to move?

Initiative

Figure 10.4: Victor Versteeg’s dynamic
living room lighting system.

raters (the same raters that participated in the current thesis’ experiments) indeed recognised the specific Dynamic Form in the light’s movement through
the room.
Designing for Aesthetic Interaction through Aesthetic Interaction
The second kind of design knowledge treated in this section is a specific
design approach. A salient aspect of the design approach used throughout
the cycles is that the design activity resembled the design goal it served to
reach: Aesthetic Interaction was designed through Aesthetic Interaction. This
section treats two variations of this approach.
Acting out approaches
This thesis featured several acting out design approaches, derived from
Klooster’s Choreography of Interaction approach (Klooster & Overbeeke,
2005) and Buur et al.’s acting out approach (Buur, Jensen & Djajadiningrat,
2004). In the workshop Ethics and Aesthetics in Interaction, designers acted
out interactions between people and products or systems. They created choreographies to find how to design a product or system eliciting to kalon in
interaction. In the Light Dancer experiment, dancers acted out lamps and
created ‘structured improvisations’ (a kind of choreographies as well) to find
how to elicit values in interaction.
These design approaches have all the four characteristics of Aesthetic Interaction, as formulated in chapter 3: Firstly, the choreographies are instrumental in the sense that they contribute to a design process. Secondly, the
acted out choreographies are inherently situated in a socio-cultural context.
Designers have their own socio-cultural background that influences the way
they design (for example, designing for values opposed to one’s own could
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be more difficult than designing for compatible values), and the choreographies take place in a context that is of influence (for example, a safe, private
environment could make a designer feel more free to express himself physically). Thirdly, creating the choreographies is a process of finding satisfying
form. At one point, a choreography starts feeling right. This feeling is hard to
explicate, but it is a feeling well known to designers and indicates a satisfying
form is found. Fourth, the choreographies actively involve designers physically, emotionally and cognitively. Physical involvement is pivotal in these
design approaches, since physical movement is the main mode of expression. Emotional involvement is present in an analogous way to finding satisfying form. A choreography must ‘feel right’. Cognitive involvement comes to
the fore while reflecting on a choreography. In the workshop Ethics and Aesthetics in Interaction, the designers iteratively created choreographies and
discussed them. These reflections influenced subsequent choreography.
Iterative Experiential Design
A slightly different approach is needed for developing a physical prototype. In acting out, designers have all the flexibility of their bodies to develop their design. Developing a physical prototype is less flexible, requiring
for example programming and model making. This is where this thesis took
on an approach I call ‘Iterative Experiential Design’, which is a form of designing for Aesthetic Interaction through Aesthetic Interaction as well. Product
behaviour in Aesthetic Interaction is too rich to fully imagine or grasp with
techniques like storyboards and sketches. The Sensory-Motor Activity level,
the Social Activity level and the Dynamic Form level are strongly intertwined;
a design decision on one level has consequences for the design on other levels (See Figure 10.5). It is impossible to adequately foresee how a design decision on one level turns out on other levels. Design decisions therefore need
to be evaluated through experiencing their implementation. This is what I
call Iterative Experiential Design. Since design decisions are made throughout the entire process, experiential prototypes should be created throughout the process, including the early phase of design.
Making experiential prototypes also inspires design. Implementing a design idea not just a one-way process towards the Product Sensory-Motor Activity level. Experiencing an implementation inspires new design ideas on all
levels: Designing for Aesthetic Interaction through Aesthetic Interaction.
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Figure 10.5: The mutual influence of the
Dynamic Form
Product

Social Activities
Product

Dynamic Form, Social Activity and Sensory-Motor Activity level.

Sensory-Motor
Implementations

10.1.3 Question 3
Is there a systematic relation between, on the one hand, the compatibility of values of the person interacting and the elicited values, and, on the
other hand, this person’s interaction evaluation?
This question was formulated in light of Pragmatist Aesthetics philosophy and human value theory. Pragmatist Aesthetics philosophy argues that
aesthetics is not an exclusive property of an object, but that it is linked to
experience in a socio-cultural context. In this thesis, this socio-cultural context was operationalised by taking the value priorities of the person involved
in interaction into account. Human value theory states that value priorities guide evaluations of actions (in this case interactions). The hypothesis
was that an interaction characterised by a value compatible with a person’s
high priority values would be evaluated more positively than an interaction
characterised by a conflicting value. For example, a person prioritising Creativity would evaluate interactions with products that elicit Creativity more
positively than interactions with products that elicit Respect for Tradition (a
value that conflicts with Creativity). The experimental test in cycle IV, which
involved people with different value priorities, did not demonstrate a significant correlation between people’s value priorities and their evaluation of
interaction. So question 3 cannot be positively answered. The discussion of
the experiment in chapter 9 indicated that answering question 3 probably
requires different experiment set-ups.
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10.1.4. Question 4
Is it possible to design an intelligent product or system that, through Aesthetic Interaction, invites a person to reconsider his values?
Theory showed that value priorities are semi-stable, and can change during a lifetime. Rokeach (1973) experimentally induced value change. Question 4 served as an opening to investigate if intelligent products and systems
could also induce such value change. This is an ethically sensitive, but nonetheless important question to ask when examining the scope of the social
transformation triggered by intelligent products and systems. This question
was however not addressed in this research.

10.2 Reflection for progression

T

his section discusses the research results from several key theoretical perspectives introduced in this thesis. The aim is to learn from the current
work and to identify challenging directions for follow up research.

10.2.1 Alternative directions in design for social transformation
The introductory chapter identified the phenomenon of social transformation through intelligent products and systems. The research focused on
a particular part of this larger area. This focus is briefly described here, to
identify possible new directions. Figure 10.6 outlines the progressive focus
of the research.
The phenomenon of social transformation through intelligent products
and systems (step 1 in the Figure) has numerous dimensions such as the political, historical, and the cultural. This research focused on ethics and aesthetics (2). Subsequently, focus was placed on the social transformation of
the individual (3a), as opposed to collective or societal transformation (3b).
The main reason for this focus was related to the bottom step in Figure 10.6,
the focus on one person interacting with one product or system (6). This one
person - one product scope was intended to keep the number of factors
relevant to the research manageable. Including multi-person interactions
would bring extra complications to an already challenging topic. Additional
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1

Phenomenon of Social Transformation through intelligent products and systems

2

Ethics and Aesthetics in design of socially transformational
intelligent products and systems

3a

Design for social transformation
of the individual

4

Invitation/Inhibition of specific
behaviours and amplification/reduction of specific experiences

5

Eliciting values in Aesthetic Interaction

6

One person – one product or system
interactions

Design for Collective/Societal
Transformation

3b

Figure 10.6: The focusing steps of the current research

focus was created by using Technological Mediation as a framework for social transformation (4) and using human value theory to operationalise social
context and ethics (5).
Social and societal perspective
The social and societal perspective (3b) is a challenging direction for
further research. The field of human – product interaction is already shifting its focus from one person – one product interactions, towards multiple
person – product interactions, towards multiple person – multiple product
interactions (Overbeeke, 2007), see Figure 10.7.
The individual level of social transformation connects to the social and
societal level. Changes of individuals can bring about societal changes (from
3a to 3b). See for example McLuhan who wrote how technology affects personality, and how personality in turn affects social organisation (Katz & Katz,
1998). In this sense the design knowledge of the current research is relevant
to the social or societal level. But at the same time, exploring the social and
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Figure 10.7: The shift from one person (P) one product (T) interactions to multiple person
– one product interactions to multiple person – multiple product interactions

societal level requires new questions to be asked and explored. How would
elicitation of values work in these multi-person interactions? How to design
a (network of ) intelligent products or systems that elicit specific values in
group interaction? Could we design for aesthetic group interaction? Could
values be elicited in entire communities? These are intriguing research questions, relevant to today’s networked society.

10.2.2 Towards (Ambient) intelligence
This thesis used the vision of Ambient Intelligence to sketch a possible future framework for product design, with the accompanying challenges concerning ethics and aesthetics. Ambient Intelligent products and systems are
personalised, adaptive, context-aware, anticipatory and embedded (Aarts &
Marzano, 2003, p.14). We could ask the question whether the designs made
in this thesis are intelligent according to this definition. None of the lamps in
this thesis has all of the characteristics of Ambient Intelligence. The design
work and knowledge in this thesis are however steps towards Ambient Intelligence. Reflecting on this design knowledge indicates how further progress
could be made in Ambient Intelligence design.
Personalisation
People have their own specific value priorities, and theoretically these
value priorities influence their preference for one interaction over the other.
Designing behaviour in interaction that corresponds to a person’s high priority values is a way to personalise an intelligent product or system. This thesis
produced design knowledge that helps design behaviour in interaction with
the aim to elicit specific values. These techniques help realise personalisation
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of product and system behaviour on the level of values. This goes beyond
much of current day personalisation that is often limited to setting or selecting specific preferences pertaining to primary or secondary functionality.
Adaptivity
The AEI and Luxger lamp were able to portray three different kinds of
behaviour, which were experienced and evaluated differently at the Social
Activity level, according to SAM scale measurements. Different behaviours
were implemented in a single sensory-motor system (product body). This
means shifting from one behaviour to another is possible. A product or system could for example shift from a mode eliciting Security values, to a mode
eliciting Stimulation values. This is the output side of adaptivity at the Value
level.
Then there is the question when to adapt and to what. Dynamic Form
could be of help in solving this problem. Research demonstrated that a
computer system can recognise several LMA elements included in the Interaction Quality Framework (e.g., Rett & Dias, 2007). The Interaction Quality
Framework elements all have a theoretical relation with Social Activity level
behaviour. For example, when a person moves with Direct Space Effort, he
is probably more focused than when he moves with Indirect Space Effort
(Hackney, 1998, p. 221). An intelligent product could deduce such Person Social Activity level information, or maybe even Person Value level information,
from Person Dynamic Form. Deducing Social Activity level information from
raw sensor data might be too great a leap for a product or system. Dynamic
Form, with its relation to both the Sensory-Motor Activity level and the Social Activity level, could serve as an intermediate level. This is analogous to
the deduction process of Wensveen’s emotionally intelligent alarm clock.
This alarm clock deduced emotional information from a person’s dynamic
actions on the product’s controls (Wensveen, Overbeeke & Djajadiningrat,
2002). Furthermore, in previous research, I found that mood related information can be deduced from actions on a product, in this case on a tangible
living room atmosphere controller (Ross & Keyson, 2007). I identified several
challenges to such recognition, such as the personal nature of physical expression and uncertainty in the deduction process.
The translation process from Product Sensory-Motor data to the Person
Social Activity level consists of three steps: (1) capturing Person behaviour
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with the Product sensory-motor system, (2) deducing Person Dynamic Form
from this raw data and (3) deducing Person Social Activity level information
from Dynamic Form. Whether enough accuracy remains (and how much accuracy is needed) after such a deduction process is a matter for further research. An intelligent product could shift between modes (adapt) in reaction
to the Social Activity level information it deduces from the Person Dynamic
Form.
Context-Awareness
Aarts and Marzano (2003) describe context-awareness as a product or
system’s ability to recognise people and their situational context. Dynamic
Form could assist in recognising people. Research has indicated links between movements and personality (e.g., North, 1972) and personal style of
expression (Ross & Keyson, 2007). An intelligent product or system could recognise the person that is interacting by recognising a characteristic pattern
of Person Dynamic Form in interaction. The potential of such an approach
needs to be assessed in further research.

10.2.3.‘Ethical Affordances’
Chapter 3 mentioned affordances. ‘Affordances are the acts or behaviours permitted by objects, places, and events’ (Michaels & Carello, 1981, p.
42). Which affordances a person detects depends on his effectivities, that
is, what a person can do in that particular situation. Affordances work on
a perceptual-motor level. With ‘Ethical Affordances’, I make an analogy with
affordances as a way to understand how products could invite value level
behaviour. Ethical Affordances are the Person Value level behaviours permitted by products or systems. Continuing the analogy, a person’s value system,
his ethics, would determine his ‘Ethical Effectivities’. These Ethical Effectivities
would influence which Ethical Affordances a person perceives. Showing that
a behaviour corresponding to a targeted value is permitted by a device contributes to invitation of that specific behaviour.
We can analyse the designs made in this thesis from an Ethical Affordances point of view. The Nietzschian vending machine (Figure 10.1) shows clear
examples of Ethical Affordances. The overwhelming dimensions of the machine and its public social context, clearly tell a person with strong Power
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values that this device permits confrontation and power play. Contrastingly,
perceiving the scale, the detail and the balance in the Confucianist vending
machine (Figure 10.1) tells a Confucianist person that this product permits
patient, disciplined behaviours. I do not exclude the possibility of the Confucian to perceiving the power behaviours of the Nietzschian machine and
vice versa. But it is likely that the Confucian view is coloured in a different
way, since he may not primarily see the world in terms of power and confrontation. Imagine for example a creative, self-directed person viewing the two
devices. He may perceive behaviours permitted that ‘hack’ the Confucianist
machine, or trick the Nietzschian machine into giving candy without having to shout. These are possible behaviours that a conformist person would
probably not even perceive.
Explicitly incorporating Ethical Affordances could be a fruitful design approach for eliciting values in interaction. It helps when people ‘perceive’ the
value related behaviours that a device aims to elicit. Exploring how to tap
into the Ethical Effectivities of people to create Ethical Affordances is a challenging direction for further research.

10.2.4 Deweyan Form as a means to invite behaviours
According to Dewey, satisfying form is an essential part of an Aesthetic
Experience (Shusterman, 2000, p. 56). One way Dewey described ‘satisfying
form’ was by naming what he called the conditions of such form: ‘Cumulation’,
‘conservation’ ‘tension’, ‘anticipation’ and ‘fulfilment’. Terms like anticipation
and tension seem akin to seduction and invitation. In the following, I analyse
a design (the Staircase lighting system, see Figure 10.1) using Dewey’s conditions of form, as a way to investigate how invitation and seduction works.
‘Cumulation’ is present in how the light composition grows each time a
person touches or moves a ball. This process is initiated very easily in the
Staircase lighting system, making it easy to initiate an aesthetic experience.
’Conservation’ is present in the light that sustains in a ball for a while when
it is moved, it is present in the way the balls physically keep swinging to and
fro when moved, and it is present in the way the balls on strings can be ‘fixed’
in a new position by hooking up a ball with one of the strings. Conservation
is a prerequisite for cumulation (development is only possible when there
is a trace or preservation of past events). ‘Tension’ builds up when the light
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and shadow composition is forming, but is not yet satisfactory. ‘Anticipation’
is the feeling that the dynamic light and shadow interplay will actually develop into a satisfactory result. The tension and anticipation both seduce a
person to continue with the behaviour, in this case the creative behaviour.
‘Fulfilment’ is the pleasure the light and shadow composition gives, during
the experience, at the end of the experience, and after the experience. This
pleasure seduces a person to engage in creative behaviour again the next
time.
The designer was not explicitly aiming to incorporate these conditions of
form in her design: She was probably not familiar with Dewey’s theory. She
used her intuition as a designer. But analysing her design makes clear how
these ‘conditions of form’ contribute to the appeal and the seductive power
of the design. Dewey’s description of satisfying form thus also helps explain
how a design could invite behaviours, or maybe better, how a design could
seduce a person to choose a behaviour and to keep at it. And this design
knowledge can be put to use in other design projects.

10.3 The ethics of this research

I

dedicate this final section to a reflection on the ethics of this research. It is
valid to ask whether it is ethical at all to design for a specific social transformation, and whether research into such design should be conducted.
Treating these questions makes a value system explicit that up till this point
remained implicit throughout this thesis: My own.
So is it ethical to specifically design for a social transformation? A point
of departure of this thesis is that any product or system we design socially
transforms life to a small or large degree. This influence is inherent to technology in use, as outlined by Verbeek (2005), whether we explicitly take it into
account in design or not. If we agree with this statement, what should design
do with social transformation through products and systems? I discern three
options: We could ignore it, fight it, or avail ourselves of it. There are arguments for all three options and choosing one is an ethical consideration. We
could argue that it is better not to try to incorporate social transformation in
the design process (ignore it), because there is no certainty about how this
influence could turn out in practice. We can never fully predict how products
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and systems will be used so it is best not to go into this blurry uncertain area.
Or we could say that designers have no right to influence the lives of people.
So the influence of our products and systems on people’s lives should be
limited as far as possible (fight it). The third option is availing ourselves of
the phenomenon of social transformation through products and systems.
Choosing this means aspiring positive change through design, despite difficulties and uncertainties.
With this research, I clearly chose the third option. My choice is rooted
in Humanist values. I believe it is a responsibility for designers to cope with
the social transformation caused by design, out of solidarity. Especially in the
case of highly integrated intelligent products and systems, the influence is
too profound to ignore and leave to chance. In the first section of the first
chapter, I described my experience with an Animal Ambulance receptionist that refused to send an ambulance, because the entry form demanded a
postal code. This technology had a de-humanising effect, which could have
easily been avoided.
But it is not solely about avoiding negative consequences. I believe in
progression (the possibility of continuous positive social change), and I think
design should attempt to contribute to progression. I therefore think we
should applaud the possibilities our technologies provide, instead of trying
to fight them.
A third Humanist value that underlies this research is respect for people’s
freedom. A sceptic of design for social transformation might rightly ask: What
if I do not agree with the designer’s vision of positive change? And is it right
to give an ‘evil dictator’ an extra means of exerting power? These issues cannot be discussed without taking into account how design incorporates social
transformation, which I address in the following:
Mild invitation vs. Coercion
Verbeek (2008a) discerns technologies that invite behaviours by seeking interaction with people through seduction or persuasion (I called this
‘mild invitation’), and technologies that intervene in people’s behaviour by
coercion (see chapter 3).
Most designs in this thesis leave a person freedom to behave according to the targeted value or to behave in another way. The Staircase lighting system for example, gives light also when no creative light and shadow
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composition is made. And the Romantic vending machine allows a rationally
underpinned purchase of a single piece of candy, despite of the dramatic,
passionate interaction it intends to elicit. Both examples invite specific behaviours, but a person is free to behave otherwise and still enjoy the product or system’s primary functionalities. Some other designs leave much less
freedom, prescribing one single way to behave. For example, the Nietzschian
vending would simply not give candy unless a person shouted loud in public.
Going along with such prescribed behaviours can still be a matter of choice.
A person can choose to shout at the Nietzschian vending machine in public,
whether it is the only way to get candy or not. And this can be fulfilling, as
I experienced myself. The advantage of a prescriptive design for a designer
aiming to invite specific behaviours is that it gives more control over people’s
behaviour than a design based on freedom. A downside is the risk of a (very)
negative interaction evaluation in case a person prefers not to behave in the
way prescribed by the product or system.
I focused my research on designing for ‘mild invitation’, persuading or
seducing people to engage in a value-related behaviour, instead of coercing them. Mild invitation leaves people freedom to choose for the targeted
behaviour, or for other behaviours, while still offering primary functionality.
Coercion takes away this freedom. It is too simple to say that mild invitation is inherently ethically better than coercion. One could for example argue
that speed bumps near a school should be coercive to ensure safety of the
children that play near them. But it sometimes seems that current design of
(intelligent) products and systems turns to prescription all too easily. (See
once more the Animal Ambulance entry form example, or Dunne’s example
of the digital camera ‘punishing’ deviant use (chapter 3) or an automatic tap
that only gives water in short bursts of half a second, and countless other examples.) I believe people’s freedom should be weighed carefully. Especially
when it comes to designing products and systems that integrate into people’s private lives, with consequences that can never be exactly foreseen. In
general, I believe in change by free choice more than in enforced change.
Social transformation through this research
Yet another ethical dimension to this research remained untreated up
to this point, namely, the social transformations through research. First of all,
there is the way the research changed me as a designer. I remember the first
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design proposals I made for eliciting values: they were predominantly prescriptive. As the research progressed, I began to understand how respect for
other’s freedom could reflect in my design work, and explored other options.
In general, I learned how to incorporate values in viewing and doing design.
But it goes beyond me. I have a movie clip from the Ethics and Aesthetics
in Interaction workshop, in which a group of participants act out a Nietzschian cattle destruction line. The tape rolled on for just half a second beyond
their demonstration, and it is telling. The participants move confidently during their choreography, but in the final second they break up, smile uncomfortably and insecurely scratch their heads. The film clip ends with the participants looking into the camera almost apologetically. Needless to say these
were not Nietzschian people, au contraire. I believe acting out such value
specific behaviour is also a confrontation with these values. As such, designing for Aesthetic Interaction through Aesthetic Interaction entails personal
reflection as well. All kinds of people involved in the research, be it students
in an Eindhoven or Pittsburgh course, or participants in workshops, or even
some participants in experiments, reported that their participation inspired
them to think about values related to themselves and their design work. I
find this a positive social transformation in its own right: People reflecting on
their personal values and reflecting on how these values could relate to their
design work. In one word, beautiful.
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Appendix chapter 2
2.A Textual introductions to the workshop’s ethical systems and available
related art
1. Confucianism
Keywords: Balance, Propriety, Rightness through Harmony
•

•
•
•
•
•
•
•

•

Propriety leads to ‘proper’ conduct in one’s relationships by at once reinforcing traditionally appropriate norms while at the same time insisting
that they be internalized and ‘made one’s own’.
The notion of propriety or ‘rightness’ (yi) in a Confucian society, since it
applies always within a social context, must involve notions of ‘harmony’.
Proper actions are ‘fitting’ in the sense that they fit and harmonize with
other such actions.
The notion of the ‘right’ action has much in common with the artist’s
choice of the ‘right’ brush or colour in the execution of a painting.
The nascent human being is malleable through education and cultivation.
Ritual practice (Li) is the formal instrument for pursuing personal refinement and self-articulation .
Commitment to community, without self-abnegating, is the road to personal fulfilment.
If content dominates form, somebody is ill-mannered. If form dominates
content, someone is a writer. Balance of form and content make a noble
man.
Confucius’ thinking influenced Chinese culture up to today.

Related art: Calligraphy. Examples and an explanation by calligraphy expert
Jun Hu (Figure A2.1)
2. Kant’s rationalism
Keywords: Maxims, Reason, Duty, Categorical Imperative

Figure A2.1: Chinese calligraphy incorporates balance
and harmony in tempo,
direction and shape. On the
right, calligraphy expert Jun
Hu explaining calligraphy.

•
•
•
•
•
•
•

A moral rule is imposed upon us by universal reason and has a formal
character.
Kant’s Categorical Imperative states: Act according to the maxims that
you could want to be universal.
To act rightly is an obligation.
To act rightly also gives the highest fulfilment.
To Know oneself is a fundamental duty.
Act dignified and show respect.
Beauty is a symbol of the morally good.”

Related art: Victory Boogie Woogie by Piet Mondriaan
3. Nietzsche
Der Mensch ist ein Seil, geknüpft zwischen Thier und Übermensch, - ein Seil über
einem Abgrunde.
Ein gefährliches Hinüber, ein gefährliches Auf-dem-Wege, ein gefährliches
Zurückblicken, ein gefährliches Schaudern und Stehenbleiben.
Was gross ist am Menschen, das ist, dass er eine Brücke und kein Zweck ist: was
geliebt werden kann am Menschen, das ist, dass er ein Übergang und ein Untergang ist.
Ich liebe Die, welche nicht zu leben wissen, es sei denn als Untergehende, denn es
sind die Hinübergehenden.
Ich liebe die grossen Verachtenden, weil sie die grossen Verehrenden sind und
Pfeile der Sehnsucht nach dem andern Ufer.
Ich liebe Die, welche nicht erst hinter den Sternen einen Grund suchen, unterzugehen und Opfer zu sein: sondern die sich der Erde opfern, dass die Erde einst
der Übermenschen werde.
[Also sprach Zarathustra, Werke I]
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•
•

•
•

Sometimes called the philosopher with the hammer, Nietzsche destructs
almost all ethical systems before him to construct his own.
Nietzsche is an anti-moralist. ‘Good’ is no longer a universal value, but differs for the majority and the elite. The inferior have no claim to happiness
or well-being. A ruler, no matter how brutal, is good if he follows his will
to attain the energy of greatness. Suffering of the ‘bungled and botched’
is no moral problem. Good is what is good for the superior few.
Nietzsche is anti-intellectualistic. Instinct is man’s highest form of intelligence. Abstract thinking is a mere tool for pursuing life goals.
The Übermensch greets the earthly life with joy. He knows god is dead
and that he is ‘Will to Power’ and nothing more. The Übermensch lives to
pursue his own goals in the ‘Dionysian’ world, knowing that eventually
nothing has eternal value.

Related Art:
• Lenie Riefenstahl’s movie ‘Olympia: Fest der Schönheit’ on DVD
• Wagner’s ‘Walküre’
• Nietzsche’s work of poetry ‘Also sprach Zarathustra’
4. Romanticism
Keywords: Dynamics, passions, individual
•
•

•

•
•
•

The Romantics turn away from the ‘rationalistic’ nature of the Enlightenment and of Kant’s philosophy in specific.
The romantics are interested in the non-rational, emotional forces on
people and the world. They object to Descartes and Bacon’s mechanist
and static explanations of world processes, since they feel every life has a
non-mechanical and dynamic nature.
The Romantics in general replace utilitarian for aesthetic values. Compare
for example the earthworm and the tiger. The earthworm is useful, but
not beautiful.
The tiger is beautiful, but not useful. Darwin (not a romantic) would go for
the earth worm, while Blake (a romantic) would praise the tiger.
Respect for passions of the individual. Admiration for passions no matter
social consequences.
Romantic morals could be characterised as based in aesthetics.

Related art
• Picture of John Constable ‘Tree Trunks’ painting
• Pictures of Rodin sculptures Meditation and The Prodigal Son
• Music La Vallee d’Obermann (The Valley of Obermann) by Liszt
2.B Workshop list of assignments
The world of electronic payment - Romanticism vs. Kant
It seems that an increasing part of our life is forced into a virtual world. Money is an important example. Our monetary system is already an ultimate abstraction of human value. Its distance from humanity has not exactly been
known to bring the best out of people. Nowadays, money itself is abstracted
again. For example, when we spend money using creditcards or bankpasses,
much of what happens remains completely invisible and intangible. Can’t we
design a system that re-embodies our financial transactions? Make us feel
what we do through the aesthetics of our financial actions.
Machine vendors (cigarettes, candy, snacks) - Kant vs. Romanticism
Vending machines are replacing human counter personnel. Some interesting issues emerge from this trend. We are confronted ever more often with
ill-mannered machines. For example, after vending machine receives our
money (in advance), it throws the candy down before our very eyes and
forces us to bend over and grasp the candy from an inconvenient opening.
That is no way to treat a person. Could it even be that we have gotten so accustomed to the strict procedural machine interaction that we start treating
their human counterparts in a similar, inhuman manner? Try to bring to kalon
into this interaction. Another question: What if a cigarette vending machine
is designed to discourage people to smoke? How could this be reflected in
aesthetics of interaction?
Cattle Corpse Destruction - Nietzsche vs. Confucianism
Collection and destruction of cattle corpses is an emotionally charged topic.
Every time a cattle disease breaks out, the ugly scenes of corpses hanging
from cranes dominate the television news and fill the public with disgust. In
these days, image is everything. Rendac BV, the Dutch and Belgian number
one company in collection and destruction of dead animals, likes us to re-

245

246
design the devices they use to make the whole process more aesthetic. Although the Dutch ministry of Landbouw, Natuur en Voedselkwaliteit (Agriculture) is responsible for the killing, you are free to include this part in your
design process too. More info on Rendac and cattle destruction is available.

Appendix chapter 3
Appendix 3.A Schwartz Value Survey with instructions for analysis
VALUE SURVEY
In this questionnaire you are to ask yourself: “What values are important to ME as guiding
principles in MY life, and what values are less important to me?” There are two lists of values on the following pages. These values come from different cultures. In the parentheses following each value is an explanation that may help you to understand its meaning.
Your task is to rate how important each value is for you as a guiding principle in your
life. Use the rating scale below:
0 means the value is not at all important, it is not relevant as a guiding principle for you.
3 means the value is important.
6 means the value is very important.
The higher the number (0, 1, 2, 3, 4, 5, 6), the more important the value is as a guiding
principle in YOUR life.
-1 is for rating any values opposed to the principles that guide you.
7 is for rating a value of supreme importance as a guiding principle in your life; ordinarily
there are no more than two such values.
In the space before each value, write the number ( -1, 0, 1, 2, 3, 4, 5, 6, 7) that indicates
the importance of that value for you, personally. Try to distinguish as much as possible
between the values by using all the numbers. You will, of course, need to use numbers
more than once.
AS A GUIDING PRINCIPLE IN MY LIFE, this value is:
opposed
to my
values

not
important

-1

0

important
1

2

3

4

5

very
important

of supreme
importance

6

7

Before you begin, read the values in List I, choose the one that is most important to you
and rate its importance. Next, choose the value that is most opposed to your values and
rate it -1. If there is no such value, choose the value least important to you and rate it 0 or
1, according to its importance. Then rate the rest of the values in List I.

VALUES LIST I
1____EQUALITY (equal opportunity for all)
2____INNER HARMONY (at peace with myself )
3____SOCIAL POWER (control over others, dominance)
4____ PLEASURE (gratification of desires)
5____FREEDOM (freedom of action and thought)
6____A SPIRITUAL LIFE (emphasis on spiritual not material matters)
7____SENSE OF BELONGING (feeling that others care about me)
8____SOCIAL ORDER (stability of society)
9____AN EXCITING LIFE (stimulating experiences)
10____MEANING IN LIFE (a purpose in life)
11____POLITENESS (courtesy, good manners)
12____WEALTH (material possessions, money)
13____NATIONAL SECURITY (protection of my nation from enemies)
14____SELF RESPECT (belief in one’s own worth)
15____RECIPROCATION OF FAVORS (avoidance of indebtedness)
16____CREATIVITY (uniqueness, imagination)
17____A WORLD AT PEACE (free of war and conflict)
18____RESPECT FOR TRADITION (preservation of time honored customs)
19____MATURE LOVE (deep emotional & spiritual intimacy)
20____SELF DISCIPLINE (self restraint, resistance to temptation)
21____PRIVACY (the right to have a private sphere)
22____FAMILY SECURITY (safety for loved ones)
23____SOCIAL RECOGNITION (respect, approval by others)
24____UNITY WITH NATURE (fitting into nature)
25____A VARIED LIFE (filled with challenge, novelty and change)
26____WISDOM (a mature understanding of life)
27____AUTHORITY (the right to lead or command)
28____TRUE FRIENDSHIP (close, supportive friends)
29____A WORLD OF BEAUTY (beauty of nature and the arts)
30____SOCIAL JUSTICE (correcting injustice, care for the weak)
		

*		

*		

*		

*		

*		

VALUES LIST II
Now rate how important each of the following values is for you as a guiding principle in
YOUR life. These values are phrased as ways of acting that may be more or less important for you. Once again, try to distinguish as much as possible between the values by
using all the numbers.
Before you begin, read the values in List II, choose the one that is most important to you
and rate its importance. Next, choose the value that is most opposed to your values, or
- if there is no such value - choose the value least important to you, and rate it -1, 0, or 1,
according to its importance. Then rate the rest of the values.
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AS A GUIDING PRINCIPLE IN MY LIFE, this value is:
opposed
to my
values

not
important

-1

0

important
1

2

3

4

5

very
important

of supreme
importance

6

7

31____INDEPENDENT (self reliant, self sufficient)
32____MODERATE (avoiding extremes of feeling & action)
33____LOYAL (faithful to my friends, group)
34____AMBITIOUS (hard working, aspiring)
35____BROADMINDED (tolerant of different ideas and beliefs)
36____HUMBLE (modest, self effacing)
37____DARING (seeking adventure, risk)
38____PROTECTING THE ENVIRONMENT (preserving nature)
39____INFLUENTIAL (having an impact on people and events)
40____HONORING OF PARENTS AND ELDERS (showing respect)
41____CHOOSING OWN GOALS (selecting own purposes)
42____HEALTHY (not being sick physically or mentally)
43____CAPABLE (competent, effective, efficient)
44____ACCEPTING MY PORTION IN LIFE (submitting to life’s circumstances)
45____HONEST (genuine, sincere)
46____PRESERVING MY PUBLIC IMAGE (protecting my “face”)
47____OBEDIENT (dutiful, meeting obligations)
48____INTELLIGENT (logical, thinking)
49____HELPFUL (working for the welfare of others)
50____ENJOYING LIFE (enjoying food, sex, leisure, etc.)
51____DEVOUT (holding to religious faith & belief )
52____RESPONSIBLE (dependable, reliable)
53____CURIOUS (interested in everything, exploring)
54____FORGIVING (willing to pardon others)
55____SUCCESSFUL (achieving goals)
56____CLEAN (neat, tidy)
57____SELF-INDULGENT (doing pleasant things)

Appendix 3.B (First section of) instructions for determining value type scores

Keying of SVS Ten Individual Level Value Scales
Value

SVS items

Value

SVS items

Conformity

11, 20, 40, 47

Stimulation

9, 25, 37

Tradition

18, 32, 36, 44, 51

Hedonism

4, 50, 57

Benevolence

33, 45, 49, 52, 54

Achievement

34, 39, 43, 55

Universalism

1, 17, 24, 26, 29, 30, 35, 38

Power

3, 12, 27, 46

Self-Direction

5, 16, 31, 41, 53

Security

8, 13, 15, 22, 56

The score for each value is the mean of the ratings given to the items listed
above for that value. Note, however, that for most purposes it is necessary
to make a correction for individual differences in use of the response scale.
[…]

Appendix chapter 4
No value
(introversion)

This is a puzzle. The four sides of the
box light up when the blocks are slided
in a certain configuration. The light
gives hints during interaction whether
the configuration gets closer or further
away from completion.

Pleasure

Pleasure

Semi transparent blocks are lit from
the lamp’s base. Stacking the blocks in
whatever way, creates a lighted sculpture. This lamp gives a person total
freedom to give shape to the lamp.

Curious

Freedom

This lamp is a segmented ball that can
be enlarged and reduced in size. Doing
this and rotating the ball creates a
light and shadow play, caused by an
internal light to shine on and between
the segments.

The spring lamp consists of a ball on
a spring and three segments with
coloured lights. When the ball on the
spring hits a segment, it lights up with
a certain colour. Interacting with the
ball-on-spring is rather comical.

Freedom

Tree of Light

Colour box

Puzzle lamp

Spring lamp

Stacker lamp

Segmented ball

Appendix 4.A Lamp designs

This lamp radiates coloured light into
multiple directions. The colour scheme
is adjusted through manipulating sliders on top of the box.

The Tree of Light is a collection of
branches and light balls that fit on
them. When a light ball is placed on
a branch, it lights up. The lamp offers
easy selection of how much light to use
and in what way to configure it.
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Appendix 4.B Literal instructions film clip experiment (English version)
‘First of all, welcome to the /d.search context labs of Industrial Design. Today, you’ll be shown movie clips of two different interactive lamps. These
lamps are designed with special attention for human-product interaction.
We are specifically interested in what you feel about the interactions with
these lamps.
You will fill in a questionnaire on this laptop after watching each movie
clip. This form consists of four questions: Question 1 asks for one, two or three
terms that come to your mind to describe the interaction of the lamp in the
movie clip. In question 2, you are asked to imagine what the person interacting experiences during interaction. The third question offers space to write
an additional comment on the lamp, if you like. Please remember to always
fill in the movie clip code on your questionnaire.
Don’t think about your answers too long. There’s no right of wrong answer: it’s about what you feel. There is approximately two minutes time to fill
out each form.
We will start with a practice clip to get used to the procedure. Then we
will continue with the 11 movie clips this is all about.
If you have questions, feel free to ask before we begin.
Good luck.’

Appendix 4.C mean ratings lamps in Film Clip experiment
Table A4.1: Mean ratings of lamps in Film Clip experiment, columns are the value scales, all N

Humble

Freedom

Social Power

Capable

Pleasure

Loyal

Politeness

An Exciting Life

A Sense of Belonging

Creativity

Helpful

Mean 4.8
SD
1.7
Mean 4.6

5.5
1.1
5.4

3.2
1.3
3.3

4.4
1.5
5.1

3.5
1.4
3.5

3.9
1.5
4.6

4.7
1.2
5.1

3.1
1.4
3.0

4.2
2.0
3.4

3.8
1.7
4.3

3.5
1.6
3.6

5.5
1.2
5.3

3.7
1.7
3.4

1.7

1.4

1.5

1.1

1.8

1.6

1.2

1.6

1.6

1.5

1.8

1.4

1.8

4.9
1.7
3.0
1.4
4.6
1.7
3.1
2.0
3.6
1.9
3.2
1.7
3.1
1.6
3.4
1.9
3.6
1.7
3.8
1.8

5.2
1.5
5.8
1.4
4.5
1.7
3.4
1.7
5.1
1.8
4.8
1.5
6.0
1.0
5.6
1.4
5.5
1.4
5.1
1.6

2.9
1.7
2.8
1.3
3.7
1.7
2.3
1.5
3.2
1.7
2.7
1.4
3.1
1.5
2.6
1.3
3.2
1.6
3.0
1.5

4.1
1.8
4.9
1.8
4.4
1.9
3.1
1.7
4.0
1.5
5.6
1.6
4.2
1.4
4.6
1.9
4.9
1.4
4.5
1.7

3.6
1.8
3.3
1.9
3.0
1.6
4.4
2.0
2.9
1.2
3.4
2.0
3.7
2.0
2.5
1.8
4.0
1.8
3.4
1.8

4.0
1.6
3.4
1.7
4.8
1.8
4.7
1.9
3.7
1.7
4.1
2.3
3.4
2.1
3.0
1.7
4.0
1.6
3.9
1.8

4.7
1.7
5.2
1.6
4.5
1.3
4.4
1.8
4.2
1.5
4.9
1.8
5.3
1.3
5.6
1.0
6.0
1.1
4.9
1.5

3.2
1.5
3.2
1.5
3.1
1.6
3.3
2.0
2.8
1.7
3.1
1.7
2.8
1.5
2.6
1.4
3.8
2.0
3.1
1.7

3.8
1.6
2.8
1.6
4.2
2.1
2.5
1.4
3.2
1.6
3.5
1.9
3.1
1.9
2.6
1.5
3.2
1.7
3.3
1.8

4.0
1.9
4.3
1.7
3.1
1.6
3.7
1.6
3.6
1.7
3.7
1.9
4.4
1.7
4.8
1.6
5.2
1.5
4.1
1.7

3.0
1.6
3.2
1.8
3.2
1.5
3.3
2.1
3.0
1.6
3.0
1.7
3.0
1.7
3.2
1.6
4.7
1.7
3.3
1.7

5.4
1.2
5.9
1.3
4.2
1.4
2.9
1.5
4.5
1.3
5.4
1.4
5.5
1.1
5.1
1.4
5.1
1.1
5.0
1.5

2.9
1.6
3.2
1.6
3.8
1.6
3.1
1.9
2.9
1.4
2.7
1.6
3.2
1.7
3.0
1.8
4.5
1.6
3.3
1.7

Staircase
lighting system
SD
(Creativity)
Segmented Ball Mean
(Introversion) SD
Mean
Mirror Blocks
(Curious)
SD
Mean
Tree of Light
(Freedom)
SD
High Five Lamp Mean
(Extraversion) SD
Mean
Colour Box
(Pleasure)
SD
Mean
Stacker Lamp
(Freedom)
SD
Mean
Puzzle Lamp
(Curious)
SD
Mean
Spring Lamp
(Pleasure)
SD
Mean
Throw Ball
(Pleasure)
SD
Mean
Total
SD

Inner Harmony

Curious

Flower lamp
(Creativity)

(N=20)

Clip

= 20.
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Appendix chapter 5
Appendix 5.A Evaluation form
Questionnaire about the lamp in this room.
Your name _________________________

Room nr. _____ Round nr. _____

With this form I try to find out how you felt during interaction with the lamp. Do not think
about your answers too long. There are no right or wrong answers: It is about how you
feel!
1. Use the figures below to indicate how you felt during interaction with the lamp.
The first row of men (see picture below) represents feelings from VERY UNHAPPY OR SAD
to VERY HAPPY OR DELIGHTED. Mark one circle under or between the men that reflects
the way you feel.

UNHAPPY
or
SAD

HAPPY
or
DELIGHTED

The second row of men (see picture below) represents feelings from VERY CALM OR BORED
to VERY EXCITED OR INVOLVED. Mark one circle under or between the men that reflects
the way you feel.

CALM
or
BORED

EXCITED
or
INVOLVED

The third row of men (see picture below) represents feelings from BEING IN CONTROL OF
the situation (you feel BIG) to BEING CONTROLLED OR DOMINATED BY the situation (you
feel small). Again mark one circle under or between the men that reflects the way you
feel.

IN
CONTROL

CONTROLLED
BY

2. Use a tick mark to indicate to what degree the lamp interaction evokes the following terms in you.
0 = Does not describe it
1 = Describes it a little bit
2 = Describes it fairly well
3 = Describes it well
4 = Describes it perfectly
- I felt social power (control over others, dominance)
- I felt pleasure (gratification of desires)
- I felt helpful (working for the welfare of others)
- I felt creative (uniqueness, imagination)
- I felt humble (modest, self effacing)
- I felt honest (genuine, sincere)
- I felt a sense of belonging
(feeling that others care about me)
- I felt capable (competent, effective, efficient)

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

3. The next scales consist of two opposites. The more you agree with one of the statements, the closer you place your tick mark to it.
This lamp does not fit me
at all

This lamp fits me perfectly

I found interacting with this lamp...
difficult
ugly
ethically bad

easy
beautiful
ethically good

4. If you have any comments about this lamp, this form or anything else, you can
enter them here.
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4
Pleasure

4

3
3
3

2
2
2

1
1
1

0
0
0

4

4

3
3

2
2

1
1

0
0

Helpful

Creative

Sense of
Belonging
Humble
Honest
Helpful
Creative
Pleasure
Capable
Social
Power

Sense of
Belonging
Humble
Honest
Helpful
Creative
Pleasure
Capable
Social
Power

4
4

4

3
3
3

2
2
2

1
1
1

0
0
0
Sense of
Belonging
Humble
Honest
Helpful
Creative
Pleasure
Capable
Social
Power

Honest

Sense of
Belonging
Humble
Honest
Helpful
Creative
Pleasure
Capable
Social
Power

Sense of
Belonging
Humble
Honest
Helpful
Creative
Pleasure
Capable
Social
Power
Social Power

Sense of
Belonging
Humble
Honest
Helpful
Creative
Pleasure
Capable
Social
Power

Sense of
Belonging
Humble
Honest
Helpful
Creative
Pleasure
Capable
Social
Power

4

Sense of
Belonging
Humble
Honest
Helpful
Creative
Pleasure
Capable
Social
Power
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Appendix 5.B Mean value scale scores and standard deviations of all
lamps
Capable

Humble

Sense of Belonging

Figure A5.1: Mean value

scale scores and standard

deviations of all Lamps.

Appendix chapter 7
Appendix 7.A Rater instructions
Light and Dance Rating Instructions and Tips
Thank you for joining this rating session. These are some instructions and tips that might
help you through the rating task.
The thing you are rating
First of all some info about the movie clips you’ll be rating. The clips are shot during an
experiment with dancers that played the role of interactive lamps, while test participants
interacted with them. The dancers were instructed to elicit specific interaction experiences
through the way they moved in interaction with the participants. The test participants
were instructed to enter the room and adjust the lamp such that they could read a magazine in the chair. What happened then is captured in the movie clips on your DVD. Your
DVD contains 23 clips in total, coming from three different lamps (Lamp A to C) and eight
participants interacting with each of those lamps.
About the rating task
The main goal of this rating session is to get a grip on what movements occur in the interactions with the three lamps. The rating form you use contains a set of parameters based
on Laban Movement Analysis. These parameters help structure the analysis of the movements in the clips. I included a description form to help you apply the parameters. Please
read these instructions carefully and keep them with you while rating the clips.
The rating form has three rows, applying to the way the ‘lamp’ moves, the way the participant moves and the way the unity of ‘lamp’ and participant moves. The unity of ‘lamp’
and person may take some extra explanation. In this row, try to look at the participant and
‘lamp’ as a single body. It helps to always imagine a centre of gravity between the two bodies and to look how this centre of gravity moves and how the two bodies move in relation
to it. Looking at it like that, you could imagine the unified body moving freely or bounded,
quickly or sustained, opening or closing, rising or sinking, etc.
Sometimes you’ll see opposite qualities in one clip. It is then up to you to determine which
quality is dominant or most characteristic. If one extreme of a quality, like ‘light’ in the
Weight quality, occurs many times more then the other extreme, like ‘strong’ in Weight, it’s
best to go for the one with by far the most occurrences.
Several parameters have the option ‘Alternating’. Choose ‘Alternating’ if both extremes
occur approximately equally often. When the option ‘Neutral’ is present, use it when you
think neither one of the extremes is really applicable.
You’ll probably need to look at the clips several times. Each clip is a chapter on the DVD, so
you can use those to navigate through the DVD. Please rate the movie clips in the order of
appearance on the DVD. For rating each separate clip, I found it easiest to fill the forms in
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row by row. But you are free to choose the strategy that suits you best.
I estimated that you will need approximately six to seven hours for finishing the rating task
for the three lamps. This is on average about 15 minutes per clip. Some clips are longer or
more difficult than others so rating time may vary. If you need more time it is no problem.
You’ll be compensated. Just do not linger on too long in cases of doubt: Don’t be afraid to
make decisions. If you find out somewhere along the way that you’ll probably need a large
amount of extra hours, let me know and we’ll discuss it.
I’d like to ask you not to show the DVD to other people, for respect of the participants’
privacy.
Thank you and good luck!
Philip

Appendix 7.B Variance component table
Table A7.1: Variance Components for each framework parameter and means per row and column (continued on the next page).
Lamp

%

Person

%

Unity

%

Row Mean
%

LTime
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
34
66
34

PTime
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

1
1
98
2

UTime
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
18
82
18

18

LWeight
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
33
67
33

PWeight
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

3
0
97
3

UWeight
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

9
1
90
10

15

LFlow
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
8
92
8

PFlow
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

43
5
52
48

UFlow
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
0
100
0

18

LSpace
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
42
58
42

PSpace
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
23
77
23

USpace
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
19
81
19

28

Lamp

%

Person

%

Unity

%

Row Mean
%

LOpenClose
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
13
87
13

POpenClose
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

16
0
84
16

UOpenClose
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

3
0
97
3

11

LAdvanceRetreat
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

9
6
85
15

PAdvanceRetreat
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

18
6
75
25

UAdvanceRetreat
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

2
0
98
2

14

LRisingSinking
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

7
4
89
11

PRisingSinking
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
36
64
36

URisingSinking
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

14
13
72
28

25

LEncloseSpread
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

2
35
63
37

PEncloseSpread
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
18
82
18

UEncloseSpread
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
10
90
10

22

LKinesphericReach
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
11
89
11

PKinesphericReach
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

9
0
91
9

UKinesphericReach
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
18
82
18

13

LInitiative
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
29
71
29

PInitiative
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
25
75
25

LDynamicsInc-Dec
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

0
23
77
23

PDynamicsInc-Dec
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

1
10
89
11

Column Mean (%)

23

Grand Mean (%)

20

27
UDynamicsInc-Dec
Var(Rater)
Var(Rater * Lamp)
Var(Error)
% Rater Total

13
12
76
24

19

12
18
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Appendix 7.C The mean rating scores translated into the parameter levels
Table A7.2: The mean rating scores translated into the parameter levels
Social Power

Helpful

Mean

Roun- Parameter
ded
Level

Time

0.9

1

Weight

2.9

2

Flow

0.4

Space

0.0

OpenClose
AdvanceRetreat

Creativity

Mean

Roun- Parameter
ded Level

Mean

Roun- Parameter
ded
Level

Neutral

3.0

3

Altern.

2.7

3

Sustained

0.4

0

Quick

Light

0.9

1

Neutral

0

Bound

3.0

0

Direct

0.0

3

Free

0.0

0

Bound

0

InDirect

1.6

2

Neutral

1.4

1

Neutral

2.0

2

Altern.

0.0

0

Closed

1.3

1

Neutral

0.4

0

Retreating

2.7

3

Advanc.

RisingSinking

1.1

1

EncloseSpread

1.0

1

Neutral

0.3

0

Neutral

0.9

1

Neutral

Neutral

1.6

2

Altern.

1.3

1

Neutral

KinesphericReach 1.1
Initiative

0.0

1

Middle

0.7

1

Middle

1.0

1

Middle

0

Reacting

2.0

2

Causing

0.5

1

Neutral

DynamicsIncDec
Duration

1.3

1

Neutral

0.7

1

Neutral

1.1

1

Neutral

32.0

32

32

180.1 180

180

54.4

54

54
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Summary
Ethics and aesthetics in intelligent product and system design

T

he products and systems we use change the way we act in the world and
the way we experience the world. This ‘social transformation’ is apparent,
for example, in how the mobile phone changed the way people manage
their social life. New technological developments pave the way for new kinds
of social transformations. Visions like Ambient Intelligence sketch a future
of intelligent products and systems that are embedded, adaptive, contextaware, and anticipatory. Such products and systems are envisioned to ‘weave
into everyday life until they are indistinguishable from it’. Intelligent products
and systems that integrate into life to such a degree inherently bring about
a profound social transformation. Design in this new technological context
needs to consider how to give these social transformations, inherent to any
technology in use, a desirable direction. This brings an ethical dimension of
design of intelligent products and systems to the fore. For what is a desirable
direction of social transformation?
The new technological context also challenges design in terms of aesthetics. Industrial design developed sophisticated form languages that incorporate static aspects of design, such as material, shape, colour and texture of products. Designing intelligent products and systems requires form
language beyond these static aspects. An essential characteristic of intelligent products and systems is that they portray behaviour in interaction. A
new form language is needed to incorporate these dynamics of behaviour
in design.
This thesis takes on a combined approach for facing the challenges related to both ethics and aesthetics in intelligent product and system design.
It departs from the Aristotelian notion of beauty (to kalon), viewing ethics
and aesthetics as inextricably linked.
The research area of ethics and aesthetics in intelligent product and system design is explored throughout four research-through-design cycles. Design cases in these cycles primarily involve (intelligent) lighting products and
systems.
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C

ycle I (chapter 2 and 3) provides initial focus in the previously sketched
research area, through design activity and study of literature. The design workshop ‘Ethics and Aesthetics in Interaction’ explores how to create
products and systems that elicit to kalon in interaction (in other words, interactions that are both good and beautiful). Reflecting on the workshop’s
results identified key issues that served as the starting point for the literature
study. Technological Mediation, a theory from philosophy of technology, is
introduced as descriptive framework of social transformation through intelligent products and systems. The framework discerns two dimensions of
such transformation, i.e, transformation of behaviour and experience. Every
technology in use invites specific behaviours while inhibiting others, and it
amplifies specific experiences while reducing others. Human value theory is
introduced to operationalise the ethical and social dimensions of design for
social transformation. Values pertain to desirable goals and behaviours, they
guide selection or evaluation of events and behaviours, and they are mutually prioritised.
Designing for a desired social transformation is restated in terms of values. Design for a desired social transformation is inviting behaviours and
amplifying experiences that correspond with the goals and motivations of
specific values. The phrase ‘eliciting values in interaction’ is used to refer to
this design approach. This thesis’ notion of aesthetics is developed using
Pragmatist Aesthetics philosophy. Aesthetic Interaction is defined, in line
with Pragmatist Aesthetics principles, as an experienced interaction with a
product or system that: (1) is instrumental next to intrinsically rewarding, (2)
is coloured by the values of the person involved in interaction, (3) has satisfying dynamic form, and (4) actively involves a person’s bodily, cognitive and
emotional skills. The final problem definition is formulated as follows: How
can we design intelligent products and systems that elicit specific values in
Aesthetic Interaction? Three research questions further specify the focus:
Question 1: Is it possible to design an intelligent product or system that elicits specific values in Aesthetic Interaction?
Question 2: How can we design an intelligent product or system that elicits
specific values in Aesthetic Interaction?
Question 3: Is there a systematic relation between, on the one hand, the
compatibility of values of the person interacting and the elicited values, and,
on the other hand, this person’s interaction evaluation?

Figure S.1: The Perspectives
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C

ycle II (chapter 4) addresses research question 1. It includes a first empirical study with lamps designed in a bachelor Industrial Design course
called ‘Personality in Interaction’. These lamps were designed to elicit a specific student’s highest priority value(s) in Aesthetic Interaction. A Kansei based
design technique was used, involving dynamic video collages expressing a
personality. A set of 12 lamps was evaluated in an empirical study, involving non-industrial design students rating film clips of the 12 lamps on ‘value
scales’. Results indicated that eliciting values in Aesthetic Interaction is indeed possible. It is however not a matter of eliciting a specific, isolated value,
but rather a range of values compatible with the target value.
After Cycle II, the focus of this thesis moves towards values and design
of behaviour in interaction, an essential aspect of intelligent product and
system design. The Perspectives on Behaviour in Interaction Framework
(Perspectives Framework) is introduced. This framework unites different perspectives on behaviour in interaction and serves as a tool for analysing and
synthesising behaviour in human – product interaction. See Figure S.1.
The framework is a matrix of a flexible amount of rows, representing perspectives, and three columns, representing demarcations. The four perspec-
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Figure S.2: The dancer-lamps
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tives used in the current thesis are: (1) the Value perspective, characterised by
the values that are relevant to the behaviour, (2) the Social Activity perspective, which views behaviour in social terms, (3) the Sensory-Motor Activity
perspective, which represents the physical, bodily dimension of behaviour in
interaction, and (4) the Dynamic Form perspective, which views behaviour in
terms of a dynamic form language. The three columns represent the following demarcations of interaction: Person (viewing only the person’s behaviour
in interaction), Product (viewing only the product’s behaviour in interaction),
and person-product Interaction (viewing the person and product interaction
as a unified whole).

C

ycle III (chapter 5 to 7) addresses research question 2 (how to design),
focusing on behaviour in interaction and Dynamic Form. At the outset
of the cycle, no intelligent products or systems explicitly designed to elicit
values in Aesthetic Interaction were present yet. As a first step in designing
and researching such products and systems, an experiment was conducted
in which professional dancers acted out intelligent lamps and created behaviours for eliciting values.

Chapter 5 treats this ‘Light Dancer’ experiment. The dancers were asked
to act out intelligent reading lamps and try to elicit specific values in interaction through the way they physically interacted with participants. Measurements of the participants’ interaction experiences indicated that the dancers
were successful in eliciting the values Social Power, Helpful and Creativity.
This means the dancer-lamps managed to invite the participants to behave
and feel powerful, helpful and creative during interaction. In terms of the
Perspectives Framework, the dancers’ Sensory-Motor Activity and Social Activity level strategies succeeded to elicit Social Power, Helpful and Creativity
at the Person Value level (see Figure S.2).
These Light Dancer interactions provided the ‘content’ used in the rest of
the cycle for developing a language of Dynamic Form.
Chapter 6 elaborates on Dynamic Form. It introduces the Interaction
Quality Framework, which holds basic elements of Dynamic Form. The Interaction Quality Framework comprises concepts from Laban Movement Analysis, supplemented with concepts devised specifically for the framework. A
special feature of these concepts is that they all have a relation with physical
and social aspects of behaviour. In this way, Dynamic Form, specified with
the Interaction Quality Framework, can serve as a bridge between the Social
Activity level and Sensory-Motor Activity level in design of product behaviour in interaction.
Chapter 7 describes an experiment in which raters use the Interaction
Quality Framework to analyse the three successful dancer-lamp – participant interactions from the Light Dancer experiment. This rating experiment
served two purposes. Firstly, it validated the framework in terms of reliability.
An inter-rater reliability analysis showed that the Interaction Qualities are unambiguous enough to allow reliable rating. Secondly, the analysis produced
Dynamic Form descriptions of three successful dancer-lamp behaviours, i.e.
the behaviours that elicited the values Social Power, Helpful and Creativity.
These three Dynamic Form descriptions are used as criteria in the design
process of two intelligent lamps, described in cycle IV.

C

ycle IV addresses research question 2 (how to design) and research question 3 (about the influence of a person’s values on the interaction experience). More specifically, the cycle explores how to implement Dynamic Form
criteria (part 1 of the arrow in Figure S.3), and evaluates the resulting designs
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Figure S.3: The intended
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in terms of values (the continuation of the arrow to the Person Value level).
Chapter 8 treats the design process of two intelligent lamps based on the
three sets of Dynamic Form criteria (derived from the dancer-lamp behaviours targeting the values Social Power, Helpful and Creativity). Each lamp
has three modes that correspond with the three sets of Dynamic Form criteria. This means each lamp is able to portray three different behaviours in interaction. The lamps were subjected to a rating experiment to check whether
the Dynamic Form criteria were implemented well. The results indicated that
designing from Dynamic Form criteria is indeed possible (part 1 of the arrow
in the illustration).
In chapter 9, the relation between Dynamic Form and values is investigated. The intelligent lamp behaviours are modelled after the dancer-lamp
behaviours in terms of Dynamic Form. In the Light Dancer experiment, these
behaviours successfully elicited the values Social Power, Helpful and Creativity. The question at this point was whether the intelligent lamps designed
in chapter 8 would also elicit these values. In an evaluation experiment, 24
participants interacted with the two intelligent lamps in each of their three
behaviour-modes. Results indicated that the lamp behaviours influenced the

participants’ experience of interaction up to the Person Social Activity level
(part 2 of the arrow in Figure S.3). All behaviours turned out to elicit values in
the range Creativity, Freedom and Curious. Most probably, a newness effect
of interacting with the intelligent lamps dominated the participants’ experience at the Value level. A direct influence of Product Dynamic Form on Person Values (part 1, 2 and 3 of the arrow in Figure S.3) could not be realised
in one single experiment, although the individual steps (the individual parts
of the arrow) were realised in separate experiments. A significant correlation between Person Values and interaction evaluation could not be found
(research question 3). Most likely, finding such a relation requires an experiment set-up that involves longer-term testing in real-life situations.

C

hapter 10 includes a general discussion of the work. The design approach
in this research can be characterised as design for Aesthetic Interaction
through Aesthetic Interaction. Central in this approach is developing an intelligent product or system through iterative experience of Aesthetic Interaction, be it through acting out interaction or continuously creating and experiencing prototypes throughout the design process (Iterative Experiential
Design). It is argued that this design approach invites designers to reflect on
personal values, caused by the way values are made experiential. The thesis
ends with a reflection on the ethics of its research. It argues for designing for
social transformation through ‘mild invitation’ instead of coercion. A coercive
design prescribes a specified behaviour as condition for opening up primary
functionality. A product or system designed for ‘mild invitation’ offers people
freedom to choose to behave according to the product’s targeted behaviour
or to behave otherwise, while still opening up primary functionality.
Philip Ross, 2008
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