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1. INTRODUCTION

In this article, our goals are to describe our theoretical approach to the aes-
thetics of interaction, which we are applying in our A-life sculpture project; to
describe our design methods and approaches in this field of new media, and to
provide the results of our evaluations to date. We present an argument that the
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frames of reference that are relevant to this A-life (artificial life) sculpture, and
interactive new media, more generally, are also relevant to human—computer
interaction, especially for design domains in which experience design is at the
forefront.

Since the early 1980s, when A-life took shape in the southwestern United
States,! artists worldwide have adopted its principles as a basis for art pro-
duction. A-life is a set of computer-based practices that incorporates ideas
from complexity theory, chaos theory, artificial intelligence, and theoretical
biology—especially evolution and genetics. A-life is concerned with synthesiz-
ing lifelike phenomena in artificial media such as computers or robots. Our
sculpture is based on A-life principles through its representation of a popula-
tion of agents that is heterogeneous (i.e., including both artificial and human-
representative agents). We have devised a method of display that is an alter-
native to a typical computer screen: the blunted ends of fiber-optic cables are
arranged in grid-like arrays that follow the topology of the undulating surfaces
of large, layered sections of brass mesh that are mounted on a large cylindrical
structure made of wood. Each fiber-optic cable is coupled to a light-emitting
diode (LED) and thus can be illuminated. In our configuration, we bridge to
the electronics layer with software. All agent embodiments are in the form
of illuminated dynamic clusters of these LEDs and abstract electro-acoustic
sound (though the colors and sound differ in order to distinguish human-
representative from artificial agents). An overhead camera tracks the motion of
interactants around the sculpture, and the behaviors of human-representative
agents are yoked to this sensor data. The artificial agents are autonomous
but responsive to human interactants. All agent architectures are indepen-
dent of one another, but instantiated from a common Java-implemented agent
framework.

The process whereby this A-life sculpture is designed has a strong connection
to the design of other computational media: it is a process of designing for
user experience. We feel strongly that interaction with an A-life artwork is
simply another kind of human-computer interaction, but also an interesting and
unique arena of interaction in that performance-based measures are typically
not applied, nor relevant. A primary goal for the user is for he or she to engage in
interpretive processes in relation to the artwork’s behaviors as well as his/her
own behaviors. The synthesis of these processes is emergent relative to the
experience of the work.

2. WHAT IS MEANT BY THE AESTHETICS OF INTERACTION?

2.1 Background. What is Meant by the Term Aesthetics?

In our work, we understand the term aesthetics to refer to the study and anal-
ysis of judgements by human experiencers. At its face, this assertion seems
merely to shift the definitional burden from the term aesthetic to the term

1Key originators of A-life were Chris Langton, Doyne Farmer, Norman Packard, John Holland,
Danny Hillis, and Thomas S. Ray [Levy 1992].
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Judgement, but the notion of a judgement allows us to shift to a frame of ref-
erence in which we can distinguish, (1) between percepts and mental states,
and (2) among different sorts of mental states, such as affective states (sensori-
emotional values, emotions, feelings, and so on) and other mentalistic states
(e.g., beliefs). We are especially interested in those beliefs that involve the at-
tribution of state to others, including artificial others. Although the sensory
impact of the built object or artifact can never be discounted as a factor in aes-
thetic appreciation, the emphasis in our analysis is on the processes that make
up the interactant’s experience. This includes processes that are judged by the
interactant to be initiated by, or wholly generated by, the artifact itself.

The term aesthetic has proven to be notoriously difficult to pin down. For
instance, sensory discrimination is touted as part of an aesthetic judgement,
but aesthetic judgement is not merely that: the sensory discrimination must be
linked to some sort of emotional elicitation (e.g., pleasure, disgust, humor). In
the arts, there is a longstanding and ongoing attachment to both sensory plea-
sure and emotional impact as aesthetic registers. In the visual arts specifically,
what has changed is that we no longer equate aesthetics only with beauty in ap-
pearance: the conceptual and experiential impact of contemporary works of art,
as well as their broader cultural implications, are never entirely separable from
their aesthetic effect. In our culture, technological artifacts are pervasive and
elicit a range of intuitive and intellectual responses that people bring to inter-
active new media artworks. These responses underlie any aesthetic judgement
we make about new media art, of which A-life art can be considered a subset.

2.2 Purpose of Investigating Aesthetics

The characterization of aesthetics that one constructs depends on the intended
use or purpose of the characterization. The desire to sidentify tangible aspects
of aesthetics motivates designers, even if only tacitly, and not only for the sake
of conducting critiques—these tangible aspects are not only descriptive, but
also can be predictive when they correspond to mechanisms whereby aesthetic
judgements are made. But, as Heller [2005, p. 49] points out, when it comes to
visual and industrial design, certain tangible aspects have been employed to
formalize our critiques of aesthetics (e.g., on the basis of aspects of line, color,
weight, type, volume, space, etc.), but these tangible aspects are lacking when it
comes to interaction design. Still, designers seek to develop artifacts to exploit
these mechanisms of aesthetic judgement, in pursuit of their design goals, and
particularly those design goals that relate to desired aesthetic judgements. For
example, using Platonian principles, if one wants to create a beautiful object,
then one would create an object that incorporates proportion, harmony, and
unity among its parts. The golden ratio is another analytical principle that is
relevant to the process of design, as it speaks not only to which proportions
are visually pleasing (its descriptive role) but also provides a tangible princi-
ple for design (its predictive role). Such tangible design principles are highly
amenable to an engineering design approach: perform requirements analysis,
derive design specification to meet the requirements, and then design a com-
putational artifact, using available and relevant design principles, to meet the
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specifications. The field of human—computer interaction, thanks to its compu-
tational pedigree, has availed itself of this approach: it often seeks to exploit
analytic principles that are known to satisfy the given specifications. Even the
call for papers for this special issue espouses this worldview (e.g., “How can
we design for aesthetics of interaction?”). The engineering design dimension
of aesthetics seeks to turn descriptive models (which can be thought of as the
outcome of basic research) into predictive models.

A crucial difference exists, however, between designing a computational ar-
tifact and designing an interaction between a human interactant and a compu-
tational artifact. We argue that the notion of designing an interaction is flawed
because it incorrectly characterizes the nature of interactions. First, we distin-
guish between autonomous and joint activities. The psycholinguist Clark [1996,
p.- 30] used Levinson’s notion of activity type to distinguish between two types
of contexts within which actions? might be performed by an individual: as part
of an autonomous activity or as part of a joint activity. A wide range of activi-
ties are joint—two individuals playing a piano duet, paddling a canoe together,
playing catch, conducting a business transaction, negotiating an agreement,
gossiping, and so on. An autonomous activity (or solo or individual activity)
has a single participant, whereas a joint activity is carried out by two or more
participants who are working collectively. This collectivity is the essential qual-
ity of joint activities—joint activities require coordination. These two types of
activity provide two different contexts in which actions might be performed.
An action performed as part of an autonomous activity is an autonomous ac-
tion, whereas an action performed as part of a joint activity is a participatory
one. Unlike autonomous actions, the performance of a participatory action re-
quires coordination among the participants. Clark used this distinction to dis-
tinguish a conversation (participatory) from other arenas of language use (often
autonomous). We use the distinction here to distinguish human—computer in-
teraction (participatory) from other (autonomous) human activities. Second,
we assume that the entity (the computational artifact) with which the user in-
teracts has certain abstract characteristics: it has some sort of internal state
space, it outwardly manifests information as to its internal state (at least to
some level of granularity and possibly in a nonobvious way), and its behavior de-
pends on its state. In sum, the entity affords interaction and becomes a de facto
participant. Cultural theorist Margaret Morse [2003, p. 20] concurs that “the
computer cannot be reduced to a medium of communication between human
subjects. Its very capacity to give feedback and the immediacy of its response
lends the quality of ‘person’ to what is a computational tool.” Mayer [1998, p.
52] also concludes that “Figures like ‘the computer,’ ‘he/she/it’ (the application,
or a character avatar within a game world) are experienced as interlocutors ...
based on the immediate nature of the responsiveness experience by the user.”
In sum, “communicative” processes are afforded not only between “partners or
poles that are not just subjects but both subjects and objects” and “each in-
teraction involves a negotiation of the status of the subjects and the meaning

2Clark [1996, pp. 18-19] used the term “action” to refer both to single acts and to sequences of
actions (i.e., activities).
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of the communication” [Morse 2003, p. 32]. Although these theorists are not
explicitly describing principles of A-life research, their ideas are very closely
linked to A-life principles in their attribution of lifelike behaviors to artifacts.

The human user’s actions in the context of the interaction are participatory
actions, and the artifact’s actions are participatory too (even if only in the sense
that its state changes are context-dependent). It follows, therefore, that the
interaction is emergent to the participatory actions of the engaged actors (in
the same sense that the playing of a duet is emergent to the participatory
actions of the individual musicians). Thus, to return to our earlier assertion, a
designer cannot design an interaction, because interactions depend crucially on
the human interactants, who cannot be designed a priori.? At best, a designer
can design interactive media that affords certain types of interactions with the
goal of eliciting interactions that have certain characteristics, provided that
the behaviors of its human interactants fall within a particular scope. The
challenging aspect is that, in the realm of outcomes that are not performance
based (e.g., in the realm of aesthetics), these behaviors encompass mental and
cognitive behaviors that are not yet well understood. In many cases, the desired
characteristics relate to the affective states to hopefully arise in interactants
and to aesthetic judgements to hopefully be made by interactants.

In designing and making an interactive artwork, the requirements for the
object, the interface, and the interaction are generally understood to go well
beyond allowing a user to accomplish a goal. We propose that the interactive A-
life artworks we discuss here are exemplary of emergent, co-constructed experi-
ence. We are interested in how an emergent aesthetic experience can be afforded
for an interactant that is unique to that individual, because each individual’s
behaviors and responses are unique, yet the experience can be aesthetically
judged, and therefore analyzed and discussed, through specific commonalities.

2.3 Use of the Term Aesthetics in the HClI Community

In the HCI research community, the term aesthetics has been used, synony-
mously with the terms appearance, visual appearance, or even beautiful in
appearance. For instance, “ ... aesthetics are usually applied to making prod-
ucts desirable in appearance” [Djajadiningrat et al. 2000a, p. 66]. It has also
been used as an adjective relating to the appearance, for example, the aesthetic
qualities of a document. For instance, Fitzmaurice [2006, p. 46] referred to
“ugly aesthetics,” as in a future trend is to “move from ugly aesthetics towards
cinematic visual experience.” Aesthetics has been characterized as a “design
feature” that “relate[s] to the system’s external appearance” [Ben-Bassat
et al. 2006, p. 211], primarily in terms of certain elements of graphical design
(e.g., use of shadow and fluidity of line) [Ben-Bassat et al. 2006, p. 220].
Moreover, this external appearance can be measured in such a way as to afford
comparison: “more aesthetic” versus “less aesthetic” or “low aesthetic” versus
“high aesthetic [pp. 212, 219, 231] (ordinal measurement) or even numerically
quantified [p. 220] (interval measurement). In contrast, Hassenzahl [2004,

3Although interactants cannot be designed a priori, they are also not immune to influences and
experiences that serve to shape his or her behaviors (i.e., diachronic change).
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p- 345] does not equate aesthetics with beauty. Rather, he characterizes
aesthetics as having something to say about beauty: “research in aesthetics

. explores how objective, perceptual features of objects cause beauty.”

Hallnés and Redstrom [2002, p. 116] refer to an “inner logic” or “consistent
appearance” of a thing that generates “depth in its expression.” Aesthetics is
then based on a “logic of expressionals” that connects the material qualities of
an artifact with its expressiveness. They go on to say that we can analyze such
“expressiveness” of an interface structure, and that it is “comparable to ana-
lyzing the logical form of an argument and evaluating its logical correctness.”
This idea of aesthetic is very much in the tradition of the Platonic Ideal that we
referred to previously. Petersen et al. [2004] present an overview of the concepts
of aesthetics in HCI so as to situate their proposal for “aesthetic interaction”
that is based in a pragmatist aesthetics, drawing on Shusterman [1992]. We
will discuss this work further in Section 3.

If one grants that aesthetics concerns affective state, subjective judgements,
and attributions, then Hassenzahl’s [2004] model can be viewed as another
model of aesthetics in the HCI research community. The model not only speaks
to the notions of affective state and beliefs, but also proposes their theoretical
substrate: product attributes are constructed by users, combining percepts
of features and the user’s own personal expectations and standards. Such
attributes are then hypothesized to be bundled into a product character, and
these cognitive structures are not merely aggregates of attributes, but also
contain contextualizing information (such as the user’s beliefs about the space
of possible attribute values and their inter-relationships: covariation between
attributes). The model further distinguishes between attributes that are prag-
matic (relating to the need to achieve goals) and hedonic (relating to the user’s
self-stimulation and self-identification/self-presentation). “Using a product
with a particular product character in a particular situation will lead to con-
sequences, such as emotions (e.g., satisfaction, pleasure), explicit evaluations
(i.e., judgements of appeal, beauty, goodness), or overt behavior (i.e., approach,
avoidance). The separation of the perception of attributes from their evaluation
allows for the fact that individuals may find a product novel (an attribute) but
not necessarily like it (an evaluation).” [Hassenzahl, 2004, p. 322, emphasis
added].

3. WHAT IS MEANT BY THE TERM AESTHETICS OF INTERACTION?

3.1 Aesthetics of Interaction as Beauty/Pleasure/Enjoyment in Interaction

The term aesthetics of interaction has been used in the sense of eliciting en-
joyment, beauty, or pleasure in interaction: products that are “beautiful in use”
[Djajadiningrat et al. 2004, p. 296]. For instance: “we think the emphasis [in
product design] should shift from a beautiful appearance to beautiful inter-
action, of which beautiful appearance is a part.” [Djajadiningrat et al. 2000b,
p. 132]. “This [coupling between a rotary dial and a circular flow of charac-
ters] makes for a beautiful aesthetic of interaction, a pleasurable act in itself”
[Djajadiningrat et al. 2000b, p. 133].
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The notion of beauty/pleasure/enjoyment has also been used in a somewhat
expanded sense, in that affective states have been given a role in mediating sen-
sory experiences and have a relation to usability: Djajadiningrat et al. [2000,
p. 66] asserted that aesthetics of interaction has a focus on “enjoyment of expe-
rience,” as opposed to usability or ease of use, and argued that the goal should
be to strive “for making the unlocking of the functionality [i.e., the use of a prod-
uct by someone] contribute to the overall experience,” an experience that may
be “challenging, seductive, playful, surprising, memorable, or rewarding,” all of
which “[result] in enjoyment of experience.” All of these facets play a role in us-
ability, which is more than mere ease of use [Djajadiningrat et al. 2000b, p. 132].

An example of enjoyment of experience would be an enlightening interaction
that would be afforded by a so-called “attentive object”: an object that “can con-
vey interesting information to people that would never have bothered to look
up in the first place, thereby turning every moment into a learning opportunity.
For example, objects could tell you about their history, how they are made or
what others have said about them.” [Maes 2005, p. 46], for example, to reveal
to an object’s interactant what others have experienced about the object previ-
ously. This idea was the basis for the handheld museum tour guide: “we raised
the profile of information about other visitors to the level of information about
the art.” [Sengers et al. 2005, p. 54].

A tangible design principle can be deduced from the research literature: “a
requirement for an aesthetics of interaction is attention to the richness of a sys-
tem’s appearance, interaction, and potential roles” [Djajadiningrat et al. 2000a,
p. 66]; this means that, in order to elicit enjoyable/pleasurable interactions, at-
tention must be paid to these facets of system (or interactive object) design.

3.2 Interactive Media: Interactivity as an Arena for Social Experience

3.2.1 New Media Art. The history of new media art (also known as elec-
tronic media art) is, in one sense, a history of interactivity in the arts. Interac-
tive art is only one subset of new media art, but it is an area that very much
foregrounds the role of computing: just like any interactive product (in the HCI
domain), interactive art, (1) must have an interface at which the public meets
and engages with the artwork, and (2) relies on digital manipulation so as to
handle what can be seen at a fundamental level as data flow to and from the
interactant.

Interactivity may be one of the defining characteristics of new media art.
But there has been some objection to using this term without further theoriz-
ing what it means and implies for art. For example, new media theorist Lev
Manovich [2001] has called interactivity a “myth” in its claim to turn the viewer
into a coauthor of an interactive artwork. Manovich also makes a distinction
between “closed interactivity,” or selection from a set of predefined choices, and
“open interactivity,” in which the content is not entirely predetermined but is
generated in real time as a response to an interactant. Theorizing or defining
interactive new media art is a work in progress; Manovich stated: “I still think
that interactivity remains the most difficult among the new cultural dimensions
brought about by computerization” [Quaranta 2004, p. 31].
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Computer technology that was newly available in the 1970s brought about
the technical possibility for the first interactive artworks. Morse [2003] has
aligned the advent of this technology with the then emerging spirit of par-
ticipation and reciprocity in art, which stood in contrast with the historically
prevalent, one-way presentation of most artforms to an audience. The social
implications of the appearance of interactive work in the art world have been
analyzed in the following way: the new communication media began to offer an
“object-to-think-with” [Mayer 1998, p. 51], that is, an object that not only could
be communicated with but that also afforded contemplation of the meaning of
such communication and the status of the subject-participants [Morse 2003].
Mediated interactions began to enable the user to enter into the “change and
development of social structures” and interactivity could involve the user in
forms of social reflexivity (Mayer [1998], as pointed out in Morse [2003]).

Morse differentiates between interactive works, which involve the receiver
or user in a process that entails “purposiveness, conclusiveness and agency,”
and traditional cultural forms, which have “passive readers and viewers” and
which “espouse a one-sided notion of authorship” [Morse 2003, p. 20]. Thus,
and in sum, if a designer or artist sets out to design rather than to guide the
interaction, then most likely this will result in a closed interactivity or one-side
authorship, in Manovich’s or Morse’s terms, respectively.

The stage was set for these developments in art many decades earlier (e.g.,
see Tenhaaf [1998] for a more detailed discussion). Throughout the twentieth
century, art has been expanded by important moments of formal and philosoph-
ical reinvention of its relation to the real, quotidian world—moments when the
revered status of the art object has been diminished and process has been val-
ued over product. Anti-art is a concept derived from these reformulations of the
relationship between art and everyday life. Its precedents include the Russian
Constructivists’ and the Futurists’ merging of art and revolutionary politics.
Anti-art was adopted by the dadaists in post-WWI Western Europe, to express
an inseparability between social and political concerns and art manifestations.
Marcel Duchamp’s readymades are considered anti-art, of which the most fa-
mous example is the urinal that he brought into Alfred Stieglitz’s gallery in New
York in 1917, signed as R. Mutt and named Fountain. Duchamp’s idea was both
to put forward industrial objects as beautiful in their own right, and to pull
the “real world” of industry into the rarified sphere of art. The Happenings of
the 1960s and 70s, and novel media such as video and performance, were also
imbued from the outset with a spirit of reconnecting art to ordinary people and
to the issues of the moment. These practices are open to, and even embrace,
social causes, but it is in their expression of dissatisfaction with the ability of
established art practices to connect with lived reality that they become anti-art.

Developments of interactive artwork in the intervening years have been
hugely multiple and diverse, but in essence this concept of reflexivity still has
strong currency, in that the meaning of interactive works tends to extend out-
ward from the immediate experience of an interactant (which very often is
geared to her/his pleasure and enjoyment, or the “wow” factor) towards the
broader implications of new technologies in society—especially reflecting on the
desires and expectations that surround them. In her brief history of interactive
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art, Soke Dinkla [1994] highlights artists who in the 1980s began to develop
novel “friendly” interfaces that could elicit both familiar behaviors and famil-
iar physical activities for the interactant. For example, Australian artist Jeffrey
Shaw, working in Amsterdam, began a project in 1988 that invited viewers to
get onto a bicycle and, by pedaling and steering, navigate through a “projected
city of letters.” The wish to have digital technology readily deliver information
in a contextualized, relevant format is overtly responded to in this work. Be-
cause Petersen et al. [2004, p. 271] draw upon art as well as HCI theory, their
emphasis on this notion of the integration of the everyday is very relevant to
our ideas: “In a pragmatist perspective aesthetics is a part of everyday life. It
stems from a use-relationship. Aesthetic Interaction comprises the views that
aesthetics are instrumental and that artifacts are appropriated in use.”
Particular modes and uses of interactivity arise in A-life art. We will discuss
below how the attribution of agency to virtual A-life agents occurs through inter-
active processes. Given these particulars, it is interesting to consider A-life re-
search in parallel to anti-art, as the emergence of an alternative, para-scientific
practice, an anti-science: it doesn’t seek to negate its terms of reference or their
knowledge base, rather it depends on them so as to propose reinventing them.
Anti-science does not at all mean “not science,” but rather serves to expand our
thinking about science in a way that parallels how anti-art reorders the sym-
bolic systems we use to interpret and constantly reinvent everyday life. Anti-art
shows that once art and life are perceived as enmeshed, the transformative po-
tential of art increases exponentially. Similarly, awareness of how we construct
nature through science and technology on a daily basis could deliver a compa-
rable empowerment. It is a way to explore the premises of research, to reveal,
unpack and go beyond what has been naturalized in the practices of a given field.

3.2.2 Parallels in New Media Art and HCI. Interactive media artists have
made an impressive contribution to the development of interfaces that refuse
to be bound by an established worldview and that don’t take for granted in-
herited values or working methods. In parallel, there is a body of HCI devel-
opment that is concerned with “unconscious assumptions” in the field (e.g., see
Sengers et al. [2005]). This research is tuned to the “recognition of critical blind
spots,” for example the often tacit assumption that the workplace offers the ob-
vious model for interface design, which in turn “risk[s] making all of life work”
[Sengers et al. 2005, p. 49]. Reiterating the ideas of Mayer and Morse, the
research of Sengers et al. proposes that interactivity and the interface are
not only technological apparatuses, but are also bound up with our social and
cultural values. Further encapsulating this idea, Allucquére Rosanne Stone
[1995, p. 15] identified that computers provide an “arena for social experience,”
and delineated this conception of technology as follows [p. 891:

(1) selves and relationships between selves constituted and mediated by tech-
nologies of communication: an apparatus for the production of community;

(2) technologies that mediate cultural legibility for the biological substrates to
selves, substrates that legally authenticate political action: an apparatus
for the production of body;
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(3) technologies mediating between bodies and selves that may or may not be
within physical proximity: interfaces.

In sum, interactive media artists and theorists, in parallel to HCI researchers,
have also articulated that “... aesthetics has a purposeful role in the use of in-
teractive systems. ... Emerging in use; it is an integral part of the understand-
ing of an interactive system, and its potential use” [Petersen et al. 2004, p. 271].

3.3 Aesthetics of Interaction as Eliciting Embodied Subjectivity

Cognitive technology—in which the notion of embodiment is strongly rooted—
shares many commonalities with certain notions of the aesthetics of interaction.
Just as aesthetics has the dimensions both of product design and of a basic
research agenda, so too does the so-called cognitive technology approach:

“[Cognitive technology] is the study of the integrative processes which condition
interactions between people and the objects they manipulate. It is concerned
with how technologically constructed tools (A) bear on dynamic changes in Au-
man perception, (B) affect natural human communication, and (C) act to con-
trol human cognitive adaptation.” (Marsh et al. [1997]; as cited by Dautenhahn
[1998, p. 575] boldface added.)

Dautenhahn is particularly interested in the design of socially intelligent
agents and the use of cognitive technology to do so, a pursuit that is relevant to
“experience design,” and shares a commonality with the pursuit of an aesthetics
of interaction.

Embodiment is a key notion in Dautenhahn’s stance with respect to design-
ing for interactions that are informed by social intelligence. Embodiment both
affords one’s coupling to his or her environment and affords a state of being in
the world. Dautenhahn identifies two types of dynamics that arise from one’s
embodiment: the internal dynamics of experiencing of self and others (phe-
nomenological dimension) and the external dynamics of having a physical body
embedded in the world. The phenomenological dimension can readily be seen
as one of the seats of aesthetic judgement about an interaction. However, these
are interconnected and, as will be further elaborated, one’s bodily presence and
response in an interaction plays a role in the aesthetic response. Petersen et al.
[2004, p. 271] situate this point of view within pragmatist aesthetics’ concern
with “designing for mind and body”: “Where as (sic) analytical aesthetics is
preoccupied with separating humans into mind and body, a part for thinking
and a part for sensing, pragmatist aesthetics insists on their interdependencies
in the aesthetic experience.”

Dautenhahn [1998, p. 586] further hypothesized that empathy is one of the
most important mechanisms at work in the phenomenological, internal dy-
namic: “I consider the internal dynamics of empathic resonance a basic mecha-
nism of bodily, experimental grounding of communication and understanding.
A state of willingness and ‘openness’ toward another embodied, dynamic system
is a direct, immediate way of relating to another.”

That embodiment, in its more physical sense, plays a role in interaction
suggests, to some thinkers, a new paradigm of representation. Media artist
Simon Penny [2004] proposes that, “In interactive media a user is not simply
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exposed to images which may contain representation of things and actions. The
user is trained in the enaction of behaviors in response to images, and images
appear in response to behaviors, in the same way that a pilot is trained in a
flight simulator.” Djajadiningrat et al. [2004] distinguished between the “data-
centered” view (the view centered on the data that is being transmitted during
the interaction) and the “perceptual-motor-centered view” (the view centered
on the perceptions and motor actions that are being formed/performed during
the interaction). A recognition of the role of embodiment serves to unify these
two views as simply different facets of a common phenomenon.

The environmental context of an individual also plays a role in subjective
attribution (and not only his or her embodiment). The projects of Benford and
colleagues [Benford et al. 2004; Flintham et al. 2003] seek to blend mobile tech-
nologies, digital content, and artistic performances, to create interactive expe-
riences for participants, including both performers and spectator-bystanders. A
central observation is that there exists, for performances in conventional the-
atre and other “traditional” performances, a series of well-established rituals
and that spectators who follow them are able to willingly suspend disbelief and
engage with the fictional world of performance. The projects explicitly seek to
blur “the boundary between the fictional world of a performance and the real
world of everyday events” [Benford 2005, p. 57]. Indeed, Benford and colleagues
found that spectators did engage in the performances—and therefore entered
the albeit-blurred fictional world of the performance—despite the absence of
the well-established rituals that would otherwise be offered if the performance
were in a traditional venue. This observation is relevant for aesthetics: the
process whereby participants make subjective attributions is influenced by the
degree, if any, to which the participant has become engaged in the fictional
world of a performance. In interacting with a fictional world, participants can-
not solely remain grounded in the real world of everyday events, although the
fictional world can be coupled with the everyday world. An understanding of
the integrated mind-body mechanisms whereby a participant becomes engaged
in fictional worlds, or in altered realities, is important to our understanding of
the mechanisms of aesthetic response themselves.

3.4 Aesthetics of Interaction as Eliciting Contemplation During Interaction

Sengers et al. [2005] advocated incorporating the use of critical reflection into
practices of technology design. The term critical reflection means “bringing un-
conscious aspects of experience to conscious awareness, thereby making them
available for conscious choice” (i.e., “conscious value choices in their attitudes
and practices”) [Sengers et al. 2005, p. 50]. The purpose for such reflection is to
be able to understand the world in a more complete way, a way that “alters our
perception and interpretation of what is going on around us and the implica-
tions of our actions” [Sengers et al. 2005, p. 50]. Initially, Sengers et al. [2005]
were referring to the practitioners of technology design (it is the practitioners
who must examine their own perceptions and interpretation), but they address
users as well: they argue that “[critical] reflection [by users] itself should be a
core ... outcome” of HCI technology design, and that “design practices should
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support both designers and users in [being able to engage in] ongoing critical
reflection about technology and its relationship to human life.” This is closely
related to the conception of Petersen et al. [2004, p. 271] of the socio-cultural
dimension of a pragmatist aesthetics: “According to the thinking in pragmatist
aesthetics, aesthetic is not something a priori in the world, but a potential that
is released in dialogue as we experience the world; it is based on valuable use
relations influencing the construction of our everyday life.”

In a similar vein, Morse [2003, p. 18] identifies the metainteractive aesthetic
strategy in artistic production, which is to “[foreground] the contradictions and
mystifications of interactivity itself.” In Ken Rinaldo’s interactive A-life artwork
Autopoiesis (see Section 4.5), a very strong part of its impact lies in the “mys-
tification” resulting from the feeling that the piece is alive and watching. The
sense of aliveness in the system is elicited through what Dautenhahn [1998,
p. 574] characterizes as “believability,” a mechanism of social understanding
(how one understands others mediated by social processes), which relies on
“storytelling” (the narrative construction of social reality), empathy (see Sec-
tion 3.3), ecological grounding (interpretation of the ecological situatedness of
the interactant and his/her embodiment) and autobiographical memory (that
which is used to define/construct and to historically ground the self). For in-
teractants engaged with Rinaldo’s work, ecological grounding is particularly
operative. The contradiction in the work arises from two features: one is that
interactants know rationally that they are anthropomorphizing the artwork,
the other is that this knowledge is completely overpowered by their sense of
the piece as being completely autonomous. Although a large proportion of the
public is not able to articulate how these two features are elicited, they are
nonetheless readily enticed to find out more because the interaction is so fas-
cinating and so aesthetically powerful. In the context of this work, in which
beauty is so strong, it is apropos to declare that “the prospect of beauty of in-
teraction may not only tempt users to engage in interaction, but also tempt
them to persevere in interacting” [Djajadiningrat et al. 2004, p. 296]. We would
further note that the aesthetic judgement of beauty in this context includes
the aspect of believable aliveness, and that it encourages users to engage, to
persevere, and then to reflect on their experience through recourse to whatever
supplementary information is available to them.

3.5 Aesthetics of Interaction as Eliciting Percepts of Agency During Interaction*

3.5.1 Anthropomorphism. Not only smartness but also various kinds of
other behaviors have been, and still are, increasingly associated with comput-
ers and digital systems by their interactants; because of this association, such
connotations are more and more, reliably and robustly, elicited. It follows then
that we can never reduce the computer merely to a medium of communica-
tion between human subjects [Morse 2003 p. 20]. It is wrongly simplistic for a
designer to attempt to do so.

4This section builds on work previously described in Baljko and Tenhaaf [2006].
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Concerning the aliveness factor we raised, aesthetic response in interaction
can be elicited by shallow approaches to believability that merely take advan-
tage of the anthropomorphizing tendency in humans [Dautenhahn 1998]. Such
anthropomorphic connotations are not always embedded in the term interactiv-
ity. And within A-life art, connotations of anthropomorphization are members
of a larger sphere of biological metaphors that are acknowledged and under-
stood to structure our relations with machines (and especially the computer).
For instance, this realm of metaphor also makes recourse to the phenomena of
evolution and of adaptation as a computational capacity.

The tendency to anthropomorphize remains a primary response toward A-
life art works. Thus, for these art works, designing to elicit or to afford a certain
interaction can be couched as an investigation into the anthropomorphic urge,
an endeavour to understand it and to use its components. To adopt it in an
unquestioning way is to assume that everyone’s anthropomorphic gesture is
equal; it also entails the assumption that the resulting set of relations among
humans and virtual entities is also the same for all interactants. We take apart
the anthropomorphic gesture and consider two important, linked components
in a human interaction with virtual agents (in which the latter seem life-like:
anthropmorphized in a first—order response): (1) the attribution of agency by
interactants to virtual agents; and (2) participation in a mixed society and its
mixed relations composed of human and nonhuman agents. These two compo-
nents allow for each interactant’s experiences to be unique because they are
instantiated in the phenomenological dimension, the interactant’s subjective
internal dynamics. But they also serve to establish a common ground among all
interactants because they are foundational mechanisms of social understand-
ing. The agent architecture taps into these mechanisms, such that interactants
converge around their understanding of the A-life artifact.

The affordance of interactivity in A-life art, and in new media more broadly,
can be used effectively to elicit attributions of agency. In the state of being en-
gaged in an interaction, the user acts—and this is readily and willingly linked
to the sense of agency for the user. There is a distinction between the user’s
recognition and acknowledgement of his or her own agency in the interaction
and the user’s construction of agency for the media, although we believe that
these are strongly linked. Depending on the life-experiences that the interac-
tant brings to the interaction, which can be hugely varied, these two types of
constructions arise from some combination of preconception (present at the out-
set of the interaction), or from dynamic processes of construction or elicitation
during the interaction. Moreover, the interactive system may build a represen-
tation of the interactant that is incorporated into the workings of the system
as an agent—or it may not.

3.5.2 Current Work: The LoFi System. Low-Fidelity Embodiments. An ap-
proach for designing interaction of particular interest in our interactive A-life
sculpture work is the technique of using low-fidelity embodiments. Our cur-
rent instantiation of this technique, which we developed from our common in-
terest in abstract computational representations [Baljko and Tenhaaf 2006],
embodies agents as compositions of electronic components (clusters of LEDs
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Fig. 1. Swarm algorithm-based software prototype for collaborative herding task.

and two-channel audio displays—stereo speakers). Such embodiments provide
multiple degrees of freedom with which the agent can articulate behaviors that
correspond to the agent’s modes of articulation. These embodiments also pro-
vide the physical infrastructure for the mounting of sensors in a nonobvious
manner. These provide the agent’s modes of sensory-perception. Such embod-
iments afford interaction that is multimodal in the sense of having and mak-
ing use of multiple modes of articulation and/or modes of sensory-perception.
Such embodiments also provide the physical infrastructure for the mounting
of sensors in a nonobvious manner. Such low-fidelity embodiments stand in
stark contrast to high-fidelity ones, such as humanoid-like, digitally rendered
characters, and are preferable to use because they circumvent the clichés and
expectations attached to humanoid characters, avatars, or (even worse) car-
toons. Low-fidelity embodiments also have the advantage of making use of a
high level of abstraction. This allows either a single agent or a population of
such agents to be embodied in a particular physical infrastructure. The human
interactant distinguishes between the two cases on the basis of the behavior of
the articulators—whether the pixellated lights and audio displays cohere into
perceivable subunits.

Shared Task. Another goal of this work is for the public interactive scenario to
afford to its interactants, both human and artificial, the role of task performer.
Of particular interest to us are tasks that require collaboration and must be
shared among the agent population (to which the human interactant belongs via
their representative agent). It is expected that the particular task embedded
in the artwork may be modified in subsequent design iterations, but for the
current version, a herding task has been implemented. A software prototype has
been developed in which the agents are represented simply as two-dimensional
cir