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Abstract—We are exploring a new application of virtual and
augmented reality for a novel direction in human-computer
interaction named ‘cultural computing’, which aims to provide a
new medium for cultural trandation and unconscious
metamorphosis. In this application both virtual and robotic
agents are employed as an interactive dialogue figure. The main
objective of this project is to create an interactive installation
named ALICE that encourages people in Western culture to
reflect on themselves, based on the narrative of ‘Alice's
Adventures in Wonderland’ which address issues such as logic,
rationality, and self.
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experience, sub-consciousness.
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. INTRODUCTION

Developments in the field of Human Computer Interaction
(HCI) have opened up a new direction for the application of
computing technologies, including virtua and augmented
reality. After the introduction of personal computing,
cooperative computing and social computing, a new paradigm
named ‘cultural computing’ has emerged [1]. Cultural
computing is based on what is caled Kansei Mediated
Interaction [2]. Kansel Mediation is a form of multimedia
communication that carries non-verbal, emotional and even
unconscious information. “ Through the effects of psychology
and psychotherapy, the unconscious became an optional
ontology through which individuals could reframe their lives.
As such, it has become one of the most powerful artifacts of

psychology” [3].
1.1 Cultures

First we have to introduce in our understanding and
positioning of ‘culture’. Westerners and East Asians perceive
theworld, think about it and act in it in very different ways[4].
Westerners pay primarily attention to some focal object,
analyzing its attributes and categorizing it in an effort to find
out what determinate its behavior. Determinates used mainly
formal logic. Causal attributions tend to focus exclusively on
the object and are therefore often mistaken. On the other side,
East Asians pay primarily attention to a broad perceptual and
conceptua field, noticing relationships and changes and
grouping objects based on familiarities rather than categories.
They relate causal attributions to the context instead of objects.
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Mainly social factors are directing the East Asians attention.
They live in complex socia networks with determined role
relations. Attention to the context is more important than to
objects for effective functioning.

Westerners live independently in less constraining socia
worldsand attend to the object and their goals with respect to it.
Physical ‘affordances of the environment can also influence
perception but is assumed less important. The built
environments of the East are more complex and contain more
objects than those of the West. In addition, artistic products of
the East emphasize the field and deemphasize objects. In
contrast, Western art renders less of the field and emphasizes
individual objects and people [4].

Over the last severa thousand the peoples of four distinct
regions of the civilized world created the religious and
philosophical traditions that have continued to nourish
humanity into the present day: (1) Confucianism and Daoismin
Ching; (2) Hinduism and Buddhismin India; (3) monotheismin
Middle East; and (4) philosophical rationalism in Greece.
‘Monotheism’ and ‘philosophical rationalism’ is the religious
and cultural foundation of the occident. We will use the term
culture as the integration and synchronization of human
behavior that includes attitudes, norms, values, beliefs, actions,
communications and groups (ethnic, religious, social, etc.).

Animportant expansion of cultural theories can be discussed
as faling into four focal areas [5]: (1) cultures as adaptive
systems, (2) cultures as ideational systems, (3) cultures as
socio-cultural systems, and (4) cultures as symbolic systems
that are cumulative creations of mind. Conceiving culture as an
ideational subsystem within a vastly complex system,
biological, economical, social and symbolic, and grounding our
abstract models and theories in the creation and usage of
artifacts should make it possible to deepen the understanding of
ourselves and our future. Whether the concept of culture hasto
be refined, radically reinterpreted, or progressively
extinguished will probably not matter inthelong run, unlesswe
cannot find a way to ask the right strategic questions,
identifying connections that would otherwise be unseen, and
therefore to enable us finding the best answers for our cultural
development.

1.2 Cultural computing

Cultural computing is more than integrating cultural aspects
into the interaction with computers. It isabout allowing the user
to experience an interaction that is closely related to the core
aspects of his/her culture. As such it isimportant to understand
one's cultural determinants and how to render them during the
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interaction [6]. It can be confirmed that Westerners are analytic,
paying attention primarily to the object and the categories to
which it belongs and using rules, including formal logic, to
understand its behavior [4]. In contrast East Asians are more
halistic, attending to the entire field and assigning causality to it,
making relatively little use of categories and formal logic, and
relying on ‘dialectical’ reasoning. These Western and Eastern
types of cognitive processes are embedded in different |
metaphysical systems and tacit epistemologies. It can be
speculated that the origin of these differences is traceable to
markedly different social systems as part of the underlying
cultural determinants [4]. For the Eastern and Western culture,
the main value dealt with is enlightenment, but in different
ways. Utilizing on modern technology, Nakatsu et al. [2] try to
give anew direction in form of “Kansei Mediation” to enable
societies transforming towards enlightenment [also see 7].
Salem and Rauterberg [8] discuss the relationship of cultural
computing and entertainment, and Hu and Bartneck [9] could
conclude that “culture matters’.

In the Eastern application, cultural computing is defined as
cultural trandation that uses engineering methods to represent
essential aspects of a culture [6, 10]. These engineering
methods, such as computer graphics, animations and mixed
redities can give a person the sense of entering and
participating in a different world. ‘ZENetic Computer’ is such
an installation. It incorporates certain elements of the Japanese
Zen culture (i.e., sansui paintings, poetry and kimonos).
Through an interactive dialog with the system, users can
experience the birth of self-awareness brought about through
the unification of one's everyday self and one's unconscious
self [11]. The Zen teachings and symbols that are used in the
‘ZENetic Computer’ are very typical for the Japanese culture
and are not likely to be understood by most people from the
West. Therefore the question is how to create a comparable
experience in the West that is based on symbols that can touch
cultural determinates of Westerners. We tried to answer this
guestion in the project named ALICE by proposing cultural
computing based on the story of ‘Alice's Adventures in
Wonderland’ [1, 12, 13, 14], using a variety of technologies
such as virtual reality, augmented reality, animated virtual
agents and robotic agents.

To support individual metamorphosis and therefore cultural
developments by addressing unconscious layers we devel oped
the ALICE installation to make core concepts of the Western
culture consciously available for reflection and disputation. A
number of well-known cognitive, emotive and behavioral
techniques are available to address our main objectives
including disputation of irrational beliefs, emotive techniques
and a number of behaviorally oriented assignments [15]. One
of the main therapeutic functions of our approach isto support,
in al meanings of the term, the symbolic expression of
unconscious processes and to try to make these processes
intelligible: first of all, intelligible to oneself and then, from the
knowledge acquired through one's own experience, to others
[16].

In the role of Alice, the user goes through an interactive
narrative and encounters six stages that are based on selected
parts of the origina plot. We will now embark on a
walkthrough of all the six stages.

1. THEALICEINSTALLATION

The ALICE installation was build inside of a building of the
Eindhoven University of Technology, which takes a space of
12 by 12 meter spanning two floors over a total height of 7
meters. The ALICE Installation consists of six consecutive
stages. Thevisitor walks by him/herself through them, one after
the other. Given the Western Culture's emphasis on
individuality, the installation is designed for individual
experiences. It is not possible for a group of visitors to
experience the installation at the same time.

Fig. 1. Schematic drawing of the installation.

Fig. 1 shows a schematic drawing of the installation. Notice
the panoramic room on top, the spira rail for the electric seat
and the CAVE in front. We will explain the function of each
part in more detail within each of the corresponding stages. For
each stage, we will first summarize the corresponding section
of Carroll’s origina story. Second, we will give an impression
of the design of each stage, before we talk about its technical
implementation. Last, we will describe the rationale behind
each stage. It is likely that the Alice installation will have an
effect on its visitors, but it is unclear what effects and how
strong they may be. The visitors experience may range from
being mildly entertained to a deeper psychological disturbance.

Sage 1: Waiting

In the first scene of Carroll’s original book, Alice is bored
and sleepy sitting on a bank with her sister. A white rabbit runs
close by her and while looking at its pocket watch it cries out
“Oh dear! Oh Dear! | shal belate!”

The visitor of the ALICE Ingtallation enters this stage
through two curtains. Inside, a 360-degree panorama picture of
Cambridge surrounds the visitor, the place where Carroll lived
and worked. The panorama depicts a location in nature at the
river Cam (see Fig. 2). The visitor has to wait until he/she is
bored and thereby enters asimilar state of mind as Alicein the
origina study. A preliminary study indicates that it does not
take more than 15 minutes before visitors are very bored [17].
Then, a white rabbit appears from behind the curtain. It has a
pocket watch and says through its internal speakers: “Oh dear!
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Oh Dear! | shall belate!” before disappearing into arabbit hole
at the far end of the room. On its way pass the visitor it triesto
seduce the visitor to follow by starting a catch-me-if-you-can
type of behavior. The rabbit enters a hidden section inside of
the rabbit hole before the visitor enters the hole and hence
disappears from sight. The visitor enters the rabbit hole after
the rabbit and thereby enters stage two.

Fig. 2. A visitor follows the rabbit.

The panorama picture was printed on alarge fabric. Severa
lights behind the fabric lighten the room and thereby giving the
panoramathe brightness of asummer day. The rabbit was build
using a carbon fiber fabric, remotely driven by motorized
wheels. A wide-angle video camera mounted in the ceiling
allows to detect the positions of the rabbit and the visitor and
hence to control the behavior of the rabbit accordingly.

Thefirst stageis associated with the concept of time. Fraisse
[18] argued that “the more one pays attention to time, the longer
it seems, with the extreme being expectancy which is nothing
but expectancy of a desired or feared event. Reciprocally,
duration seems short when the task is difficult and/or
interesting.” This theory has been widely accepted and
Feuerstein concluded that stressled to increasesin subjective to
objective time ratio and time following a period of stress was
reported to pass quickly [19]. More specifically, altered sensory
environments have a complex influence on the perception of
time [20]. Visual and auditory stimulation interact in their
production of an altered sensory environment that influences
the cognitive timer. The concept of a cognitive timer is
associated with Glicksohn's Multiplicative Function Model of

time[21].

Several other models of time have been proposed, including
Scalar Timing Model [22], Contextual Change and Attention
Gating Models [23], Multiplicative Function Model Stimulus
Complexity Model [24]. A detailed discussion of the meritsand
differences between the modelsis not in the focus of this study
and neither do we intend to propose a new model. Instead, we
use Glicksohn’s model as aframework for the measurements of
the visitors' perception of time. His model appears to be most
suitable for this study, since it was developed in association
with an altered sensory environment.

Sage 2: Down the rabbit hole

Alice falls down the rabbit hole in an unusual fashion. The
speed of her fall is very slow and she is able to interact with
objects that are attached to the walls of the rabbit hole, such as
cupboards and bookshelves. Thefall takes such along time that
Alice engagesin a conversation with herself before dozing off.
At last, she lands on a heap of sticks and dry leaves. Stage two
can be characterized by environmental space. Alice is
discussing whether she can fall right through the earth and
come out in New Zealand. She disputes the relationship of
herself within the space of the earth.

Fig. 3. A visitor descents through the rabhit hole on the electric seat.

When entering the rabbit hole in the ALICE installation, the
visitor finds an electric seat that is mounted on a rail. Once
safely seated, the seat takes the visitor down atunnel in spiral
movement (see Fig. 3). Along the walls of the tunnel,
cupboards, bookshelves and lamps are mounted. The speed of
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the electric seat is slow.

The seat was build using an electric stair lift, commonly used
in the houses of elderly to enable them to move from one floor
to another. A remote controlled gate prevents the visitor to pass
by the seat and thereby endangering him/her to truly fall down
the rabbit hole. The seat is only activated once the armrests are
put down, which prevents the visitor from falling off while
moving. Infrared cameras are placed inside the rabbit hole to
monitor the visitor. Since both, stage three and four are
associated with the concept of space, we will discuss the
concept in the next section.

Fig. 4. The virtual room(top), eat me and drink me (middle), Visitor eating the
cookie (bottom).

Sage 3: Eat Me and Drink Me

Alice enters a dark corridor with many doors, which are all
locked. She approaches a glass table on which a small golden
key lays. She uses the key to open atiny door that leads to a
garden, but Aliceis too tall to enter. She approaches the table

again, and thistime she notices abottle labeled “ Drink Me” and
later alittle cake labeled “Eat me”. By drinking from the bottle
she shrinks and by eating the cake she grows. Eventualy she
manages to have the appropriate size to enter through the tiny
door.

Similar to stage two, stage three is associated with the
concept of space. Clearly, we could not grow or shrink the
visitors directly, but we were able to manipulate their relative
sizein comparison to the environment by using a5 side CAVE.
The visitor entered the CAVE and had the impression to stand
inavirtual room. A cookies box labeled “Eat Me” and a bottle
labeled “Drink Me” are placed on top of asmall table (see Fig.
4). When the visitor drinks from the bottle, the virtual room
enlarges, giving the impression that the visitor is shrinking.
When eating the cookie, the virtual room shrinks, giving the
visitor theimpression that he/sheis growing. On one side of the
room, adoor is shown. Once the visitor reaches the appropriate
size, the wall on which the door is shown moves aside and
thereby allows the visitor to enter stage four.

Fig. 5. Stage four, with an animated agent.

We used the Vizard VR Toolkit from Worldviz to
synchronize the five projectors. The model of the virtual room
was developed in 3D Studio Max. The floor of the cave is
equipped with pressure sensors that allow us to determine the
visitor’s position in the CAVE. Depending on his'her location,
the perspective of the projection is adjusted to give a true 3D
impression of the virtual room. The bottle features touch and
tilt sensors to detect drinking. The cookie box is equipped with
a microphone that allows us to detect the visitor's chewing
sounds when eating the cookie.

Both, stage three and four, deal with space. Stage two can be
characterized by environmental space, while stage three is
associated with personal space. In both stages the relationship
between the visitors' and the installation’s space is of essence.
This relationship can be described within the well-established
framework of Presence. Presence is often referred to as a
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subjective experience of being in one place or environment,
even when oneis physically situated in another. It isanillusion
of “being there”, “itishere” or “being together” [25, 26, 27].

Sage 4. The Pool of Tears

During her growing and shrinking experience, Alice cries
many tears. When she walks through the tiny door she enters a
pool of tears. Shetalksto amouse that swims alongside her and
together with some other animal they finally reach the shore.
When the visitor enters stage four, the seawith amouseinitis
projected on one of the walls (see Fig. 5) In addition, a smoke
machine creates an impression of moisture and adds a mystical
feeling to this stage. The visitor walks along the projection and
thereby enters stage five.

At the beginning we were discussing building areal poal, but
it was not clear what the visitors would do with their clothes.
Hence we created a virtual pool of tears with the use of
back-projection. The animation of mouse in the water was
created in 3D Studio Max. The symbolic interpretation of this
stage remains difficult. A possible symbolism could be the
Christian ritual of baptizing.

Sage 5: Advice from a Caterpillar

The caterpillar engages Alice in discussion about herself. It
asks Alice who she redly is and how she wants to be. The
complete episode is a dialogue and hence we created a robotic

caterpillar to engagethevisitor in asimilar dialogue (see Fig. 6).

The caterpillar is a robotic agent that features a microphone
array. These microphones record the utterances of the visitor
but also detect the relative position of the visitor. The body and
the head turn to the visitor when the caterpillar speaks to the
visitor. A dialogue system manages the conversation.

Fig. 6. A visitor talking to the caterpillar, a robotic dialogue agent.

This stage can be associated with the concept of the self.
Throughout history, there have been wide varieties of theories
about the self, coming from the fields of philosophy,
psychology, and religion. This includes assertions that there is
no self; that the ideaisalogical, psychological, or grammatical
fiction; that the sense of self is properly understood and defined
in terms of brain processes; that it is merely a constructed

sociological locus, or the centre of personal and public
narratives, or that it belongs in an ineffable category on its own
[28]. Thereisasignificant difference in the construction of the
self when comparing European/American culture and the
Japanese culture [29, 30]. Western middle-class cultures are
generally organized according to meanings and practices that
promote the independence and autonomy of a self that is
separate from other similar selves and from social context. This
resulted in a prevalent self-esteem among western people with
a tendency to self-enhancement. In contrast, many Asian
cultures do not highlight the explicit separation of each
individual, promoting the fundamental connectedness among
individuals in a social group. The result of this on the
construction of the self isthat they are more likely to engage in
self-criticism instead of self-enhancement [29]. Among
con-temporary researchersin social cognition, distinctions are
drawn among self concept (cognitive component), self-esteem
(affective component) and self-presentation (behavioral
component) [31].

By addressing the Western individual self-concept, Alice's
self is challenged in ‘Advice from a Caterpillar’. After she
entered the rabbit hole to follow the White Rabbit, she
experienced a lot of transformations both physically and
mentally. This brought her in an initial state of confusion,
which is emphasized in her conversation with the Caterpillar:
‘Who are YOU?' This challenging attitude of the Caterpillar
makes Alice uncertain about herself, becoming vulnerable and
open for persuasion [32]. Such a situation gives the possibility
for a confrontation with and stimulates awareness of the
self-concept. The character symbolized as a caterpillar is well
chosen. One of the most important characteristics of caterpillars
and butterflies is their unique life cycle. One of nature’s most
mysterious metamorphoses occurs when a caterpillar changes
from a dow-moving, fat and ugly creature to a colorfully
winged, beautiful butterfly. This metamorphosis happens to a
lot of insects, but not as dramatically as it does to a butterfly
[33]. In this respect the ‘caterpillar’ character can
unconsciously pursue the message to a human user not to be
afraid of a fundamental metamorphosis in his or her
self-concept. This symbolic meaning can counterbalances the
challenges intended by a conscious dialog next to it.

Sage 6: The Cheshire Cat

The Cheshire Cat involves Alice in a dialogue about logical
reasoning and madness. During the dialogue the cat disappears
at times completely and sometimes only itsgrin remains visible.
This episode of Carroll’s book is predominantly a dialogue. In
contrast to the previous stage, we did not use a robotic agent,
since the transformations of the cat are impossible in reality.

Wetherefore created an animated virtual Cheshire Cat that is
projected on a screen, which augments the grass surroundings.
When the visitor approaches the cat, it engages him/her in
dialogue similar to the one in Carroll’ s book.

Again a microphone array is hidden next to the screen to
record the visitor’'s responses and to detect the position of the
visitor. A simple 2D animation tool (Adobe Director) is used
for the animation of the cat and the dialogue management.
Similar to the Caterpillar most of the questions are
metaphysical or mystical.
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The necessity of logical reasoning is the topic of the last
stage. Generating alternatives is a key component in human
reasoning [34] and hence we use the Alternative Generation
Task originally proposed by Torrens et al. [35]. After the visit,
visitors are asked to create as many diagrams as they can think
of to visualize amultiple model syllogism. Their responses are
scored in terms of the number of different but correct diagrams
produced.

Fig. 7. A visitor talks to the Cheshire Cat.

1. SYSTEM STRUCTURE

In the Alice ingtalation, every stage has its own
requirements on the setup and employs a different set of
technology-from animated virtual charactersto physical robots;
from CAVE based virtual reality to augmented reality; from
still image prints to simulated real environments. Every stage
uses one or more computers, connecting to different type of
microcontrollers or hardware interfaces that are agan
connected to a variety of sensors and actuators. Many
programming languages were used, such as C++, Java, Python,
JAL, and ActionScript, since different stages were designed
and created by project members with a different background
and expertise. It is a challenge of its own how these software
and hardware bits and pieces can be structured together into
one automated system that brings the visitor a smooth and
holistic experience.

| top level
------------------ e o
'M‘
Intermediate
level
PAC e I [ PAC g
F;AC E PAC E PAC ‘E E E bottom level

Fig. 8. Distributed PAC over Channel connections.

A multi-layered, multi-agent based structure is designed
based on the distributed architecture proposed by Hu (2006)

[36], in which PAC (Presentation-Abstraction-Control) agents
[37, 38] are distributed over a network and connected through
so-called Channels (see Fig. 8). In this architecture a channel
generalize the data and control communication among agents.
In Fig. 8, the channels are depicted by a straight line connecting
adatasupplier (o) and adataconsumer (o). The agents at every
level have actuators (m) presenting data to the environment and
sensors (o) detecting the input from the environment.

Applying this structure to the Alice installation results in a
three-layer structure depicted in Fig. 9. At the top level is the
central controller that coordinates the stages based on a scripted
scenario. Every stage implements a stage server that updates
the central controller with thelocal states and interaction events
and receives the commands from the central controller. At the
bottom level are software components (for example Vizard in
Fig. 9), or programmable hardware interfaces that are directly
connected to sensors and actuators. The stage servers
coordinate their bottom level agents and hide the local
complexity from the top level controller.

Central controller

Fig. 9. ALICE architecture.

The channels between the bottom level and the intermediate
level are mostly implemented over USB or serid cable
connections or over Bluetooth radio. The channels between the
central controller and the stage servers are implemented over
TCP/IP network connections. An XML based communication
protocol is designed and implemented directly on top of
TCP/IP, to ensure the minimum requirement on the software
packages or programming languages used by the stage servers.

This structure enables the ALICE project to decompose the
complexity of the entireinstallation into loosely coupled stages,
and to organize the project in asimilar hierarchical manner that
distributes the tasks in smaller teams and coordinates the
progress at a higher level.

CONCLUSIONS

We have introduced and discussed a new application of
virtual and augmented reality, together with virtual and
physical agents, for the novel research field of culturd
computing. We described the six stages of our instalation,
taking into account the corresponding part in Carroll’s original
book ‘Alice’'s adventure in Wonderland’. We presented how
these stages are trand ated into the visitor experience, which the
technologies are used for the transglation, and which intended
effects are for each stage on the visitors.

Overall, we believe that the ALICE installation can be seen
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as valuable contribution to cultural computing by providing
access to the unconscious determinates of the Western culture.
Yet we are looking forward to measuring the effect of the
installation on the visitors by using a mixture of conscious and
subconscious instruments. This will then revea the full
potential of Alice's wonderful story which remained in the
public attention for already over 140 years.
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