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Editorial Preface
The current issue of PNJ proposes an
emerging framework to look at
mediated environments, the framework
of Space and Place. This dichotomy
dates back to the Seventies (Tuan,
1977, 2001), but probably due to the
appearance of new, original spaces
supported by digital technologies, it has
been appropriated now with renewed
enthusiasm by scholars interested in
mediated relations.
This theme attracted our attention
several years ago, and the success of
the call for papers confirms its current
resonance. Borrowed from Human
Geography, where these philosophical
concepts have been heavily used,
Space and Place seem to have filled a
gap in current reflection on the human
relationship with technologies. This field
has always been able to incorporate
themes elaborated by other disciplines
and to decline them into operational
tools. This was the case of culture and
situated action, borrowed in the ’90s
from Ethnography in order to study
computerization in its context of
occurrence (Button, 1993). It was also
the case of the linguistic turn that has
endowed the study of situated action
with a powerful analytic instrument such
as
Discourse
and
Conversation
Analysis (Wooffitt, Fraser, Gilbert,
Glashan, 1997; Hutchby, 2001). The
current ‘geographical turn’ is orienting
attention towards at least two basic
elements,
often
downplayed
by
previous research on human-computer
interaction, namely materiality and
environment. The former counters a
tendency towards disembodiment that
is latent in the literature on cyberspace
(Horner, 2001). The latter has always
been
around,
but
the
current
pervasiveness of mobile and personal
technologies
makes
a
specific
repertoire of concepts necessary to
deal with it. The choice of the Journal is
to reflect on the ways in which Space
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and Place can be connected to human
experience in mediated environments,
namely to human ‘Presence’ there.
The selection of papers published in
this issue of PNJ offers an overview on
these and other ways in which Space
and Place matter in the human
experience with digital technologies. So
many excellent contributions have
arrived that two issues of the Journal
will be devoted to this theme. The
current issue opens with our own
contribution (A Place for Presence.
Understanding the Human Involvement
in Mediated Interactive Environments),
where a model of the mediated place is
offered. It is argued that it is impossible
to divorce the discourse on Presence
from a discourse on Place and action is
proposed as the criterion to organize
them both. The characteristics of Place,
especially its hybridity and positionality,
are emphasized and their implications
spelled out.
The subsequent contribution is a
theoretical paper authored by Ruth
Rettie (Presence and Embodiment in
Mobile Phone Communication), who
discusses mobile phones, a telling case
of a social place that intersects with
other
simultaneous
places.
By
comparing
several
theoretical
frameworks, the author proposes to
solve the Presence/Absence dilemma
by using the concept of Place. Thanks
to this solution, physical and digital
aspects are not to be treated as
separated realms, and interaction by
phone can legitimately said to have its
specific place of occurrence.
Rod McCall, Shaleph O’Neill, Fiona
Carroll, David Benyon and Michael
Smyth illustrate in their paper
(Responsive Environments, Place and
Presence) several instruments to
capture the sense of Presence and
apply them to evaluate the effects of
two different presentation modalities of
the ‘same’ scene, namely Cave versus
Head Mounted Display. The results of

this long and articulated study on
Presence and Spatial Presence, carried
out within the European Project
BENOGO, are described in the paper.
The findings, according to which the
CAVE environment does not seem to
provide a higher sense of presence
than the HMD, are thoroughly
presented and discussed from the
perspective
of
‘responsive
environments’, a model that considers
the possibility to act and the way in
which it is afforded as a crucial
determinant of the sense of Presence in
a mediated places.
Petra Gemeinboeck and Roland Blach
(Spacing the Boundary: An Exploration
of Perforated Virtual Spaces) lead us
into the fascinating field of expressive,
artistic application of digital technology,
Uzume and Maya, allowing us to
experience some of the spatial
characteristics of a digital place. The
interconnection between the spatial
configuration
of
the
electronic
environment and the user’s body is
highlighted by making the latter
influencing the former. The paper is
enriched with wonderful videos where a
sample of the experiential possibilities
opened by Uzume and Maya are
shown, questioning the very idea that
physical and digital are separated
experiential realms.
In The Third Pole of the Sense of
Presence: Comparing Virtual and
Imagery Spaces, Rosa M.Baños,
Cristina Botella, Belén Guerriero, Victor

Liaño, Mariano Alcañiz and Beatriz Rey
compare Presence in imaginary and
virtual spaces. Several aspects make
this comparison interesting; one is the
fact that the literature on Presence has
often tried a parallel between the two
spaces, yet its actual legitimacy needs to
be demonstrated; the other is that
Presence
is
considered
in
its
development during the immersion,
thereby providing another instance of the
interconnection between Space and
Time.
The issue is beautifully closed by a
paper from another European Project,
EMMA; it is not part of the target theme
of the special issue, even though it is in
several ways resonant of it. ‘A
Preliminary Study on the Use of an
Adaptive Display for the Treatment of
Emotional Disorders’, by Beatriz Rey,
,
Javier Montesa, Mariano Alcañiz, Rosa
Baños and Cristina Botella illustrate the
characteristics of an adaptive display
designed to support emotional therapy.
The paper is accompanied by a videoclip showing the characteristics of these
environments and joins back to a
previous paper on PNJ, where the
characteristics of that EU funded
project were announced.
We would like to express our gratitude
to the people who cooperated with us in
the production of this issue, to the
authors who decided to share their
work by way of our Journal and to the
anonymous
reviewers
for
their
generous
contribution.

Anna Spagnolli,
Luciano Gamberini
PNJ Editors- in-Chief
May 9, 2005
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ABSTRACT
The focus of this paper is the connection between presence and place and the strong belief
that it can illuminate unexplored aspects of the human experience in virtual and mixed
environments. Action is identified as the crucial catalyst for that connection, organizing the
material and symbolic resources that constitute a place and setting the terms of the agent’s
presence. Based on recent contributions from ethnography, cultural psychology and human
geography, the perspective of a Presence-in-Place offers many advantages, including the
adoption of several investigative methodologies beyond self-reports, the connections with
the larger normative and cultural order and a unified approach to any hybrid environment,
whether it be Virtual, Real or Mixed.
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1. Introduction
A vital topic in the area of virtual environments is the users’ sense of being inside the
simulation, her genuine feeling of been located in a world that is patently synthetic. This
experience is referred to as ‘presence’, a concept that makes an important difference to
the study of technology, because it implies that using a device is not just about
deploying an external tool to carry out a task, but also about activating a mode of ‘being
in the world’ with its own coordinates and consequences. The concept of presence
suggests that the user becomes involved in a locus made available by the digital
technology, with implications that involve the social, cultural and material dimensions of
this experience. With the remarkable exception of science fiction, where the idea of a
possible cyberspace was successfully received, these observations have not been
convincingly pursued In academic research on presence, the private sensation of being
in a place is usually divorced from the place to which it refers (Reno’, in press): the
•
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virtual place has an ambiguous status that hovers between literal and metaphoric, or it
is reduced to an external object with respect to the participant, who can be aware of it,
but not created by it. Neglecting the importance of the place in which the user is
present is not theoretically justified and risks undermining the validity of research into
the subject. We will try to take place seriously with the help of disciplines that have a
long tradition in studying human environments, such as ethnography, cultural
psychology and human geography. This paper is organized as follows. Section 2
emphasizes the interdependence between presence and place. Section 3 outlines a
model of this interdependence that is valid both for environments that are heavily
dependent on technology and for those which are not. Section 4 reflects on some
practical and conceptual implications of the model in the research on presence.
2. Place, presence, action
Being present means being somewhere: whenever a person is qualified as ‘present’,
her location is the salient feature above any other attributions. This is partially
acknowledged by the conventional definition of virtual presence as ‘the sense of being
there’ (Lombard & Ditton, 1997; Biocca & Levy, 1995), where the deictic ‘there’ points
directly to the context and leaves to it any further specification of the users’
psychological experience. This ‘there’ provides the frame of reference within which a
presence can be defined and detected, not only for third parties, but also for the subject
herself: in order to be present one must be implicitly or explicitly associated with a
place where such presence manifests itself, otherwise the quality of being present
would not predicate anything useful. One can be present at the scene of a crime, in
which case it is not the space as such that is important, but rather the witnessing of a
crime with its possible juridical consequences. Alternatively, one can be present in
someone’s life, in reciprocal connection with another person at moments when this
connection has proved useful. Or we may have noticed weird ‘presences’, traces of
action played out in a place where they are not expected. In all these cases, presence
is bound up with place and its human significance. What are the defining
characteristics of Place?
Place is not reducible to Space. Casey (2001) effectively formulates the difference
between the two concepts in the following way: Space has to do with the relative
location of objects, Place to their meaning and significance for human life, ‘including
the whole sedimented history of cultural and social influences and personal interest
that compose my life-history’ (ibidem, p. 404). Place provides a perspective from which
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Space can be defined, a subjective perspective rooted in the contingent situation, its
history, its projections on the future. For example, the distance of a certain destination
(Space) depends on the transportation medium one intends to use, her discomfort with
the present location, the feeling attached to the destination (Place).
Place is not a stable, objective formation. As Edward Casey explains in his essay
(1997), it reappeared on the philosophical scene when the mental involvement with the
environment replaced the Cartesian dichotomy between res cogitans and res extensa.
This idea of a constitutive involvement with the environment was at first formulated
from a phenomenological perspective, embraced in order to ‘challenge empiricist and
positivist approaches’ (Adams, Hoelscher, & Till, 2001, p. xvi). Subsequently, this
perspective proved too much oriented towards the individual inner experience, trapped
within the idiosyncrasies of the individual; reformulated as rooted in action, the
involvement with the environment then becomes a public, material and consequential
phenomenon (see the section on ‘space, place and activity’, Nova, in press). More than
just a series of physical movements, action gives way to repeated practices according
to which place is constructed by a community of people (‘situated action’ theory,
Suchman, 1987; ‘distributed cognition’, Clancey, 1997, ‘cognition in practice’, Lave,
1988; conversational sequences, Wooffitt, Fraser, Gilbert, & McGlashan, 1997); in this
way, the variety of different places hosted by the same objective space is not due to
incommunicable individual constructions, but to situational contingencies and cultural
repertoires.
In light of these reflections we can now provide a definition of Place and Presence
that does not stem from the availability of a certain stretch of territory but from action.
Place is the set of resources organized and transformed by the involvement in human
action at any certain moment. The term ‘resource’ is adopted because it implies
interdependency between a certain object and action: a resource is defined as such for
its relevance to action and, in turn, action emerges because it is oriented by the
available resources. Presence is the property of the agent who manifests herself
through the constitution of a place during action: action catalyses some cultural,
material, and cognitive resources and holds them together in a new whole, the Place;
the agents’ connection with those resources becomes the origin and the evidence of
her presence. Space is the relative location of objects, appreciated according to the
pragmatic concerns of the agent. In the following paragraph, we will translate these
definitions into a model, and provide a characterization of mediated places.
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3. A model of the hybrid place of presence
Place and Presence are inseparable, as different sides of the same coin, even though
disciplinary traditions or contingent research goals may concentrate on either of them.
Figure 1 offers a schematic representation of the resources constituting the Place of
Presence: the solid figures represent different ‘layers’ of Place, while the sketched
human figure in the center symbolizes a specific ‘action’ from which a place emerges.

S
L
G

D2

C2

D1
C1

C3

D3

M
A im
B

Fig. 1: The place of mediated action consists of physical (A, B) and cognitivecultural resources relevant (G) and possibly relevant (L) among those available (S).

In particular, the bases of the solids represent the material dimension, often neglected
in presence studies. The agents organize their physical presence through their body
(including the brain, the motor system, the sensory apparatus and other biological
mechanisms) and its peculiar ways to get interlaced with the material environment1
during action (also in aesthetic experiences, see Gemeinboeck & Blach, 2005). The
agents enrich this dimension with expectations, possibilities, and information by adding
those cognitive and cultural resources (objects C 1,2,3, n) that –building on material onesmake action possible. All together, these resources constitute the inner solid, the cone
in Figure 1. The outer solids, represent the unexploited potentialities: Semi-sphere L
represents all resources related to action, but not involved in it for various reasons
1

Pioneer psychologists have detailed the different sensory-motor parameters that organize the animals’ space (e.g.

Mach, 1966). Anthropologists have outlined the characteristics of the human sensory spaces (Hall, 1966) and

Environmental Psychologists have investigated the relationship of the human behaviour with the socio-physical
space (Bonnes & Secchiaroli, 1992) sometimes together with Architects and Engineers (Canter & Lee, 1974).
According to the phenomenological school started by Merleau-Ponty and continued by psychologists such as Mark
Johnson (Lakoff & Johnson, 1999), basic orientation categories such as up and down, front or back, symmetry or
asymmetry would depend on the spatial orientation of the human body.
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including cognitive limitations; Semi-sphere S represent the discarded alternatives,
opposed to the one embraced by the agents.
Where is technology in this model? We learn from Activity Theory (Nardi, 1996;
Engestroem, Miettinen, & Punamaki, 1999) and Cultural Psychology (Cole, 1996;
Mantovani, 2002) that any action relies on some kind of tool: not only machines,
wheels, or hammers, but also language, mathematics, and norms. Tools mediate the
relation with the world allowing actions that would not otherwise be possible. Since time
began, they have supported human activity in near space (the ‘A’ area in Figure 2),
overcoming bodily limitations for manipulating, cleaning and constructing and inevitably
influencing back human beings and the spatial-temporal structure of their action (the
bidirectional ‘i’ arrow in Figure 2). Today, human possibilities have been modified,
amplified and differentiated by technical innovations, further extending the reachable
space and the flexibility of the cone (the ‘B’ area in Figure 2). As illustrated in Figure 2,
action may occur in two concentric circles; the inner one represents the space reached
by the body, possibly incremented with the help of local technical artifacts (area ‘A’);
the outer one represents the space reached through Information and Communication
Technologies (red area ‘B’), extending the amount of human material and cultural
resources deployed (red objects in Figure 2). They have multiplied the possible modes
of presence with unprecedented spatio-temporal configurations of material, cognitive
and cultural resources.

A

i

B

Fig. 2: The mediated place, close (A) and distant (B).

From this point of view, technologically mediated environments do not represent a
discontinuity in the human landscape, but a further instance of a familiar phenomenon,
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its peculiarity residing in the specific kind of mediation afforded. If mediation is so
widespread,

when

can

we

properly

speak

of

Virtual/Mediated

Place

and

Virtual/Mediated presence? These attributions, which cannot be but conventional, may
be posited as follows: a place is virtual or mediated when actions are supported by
digital resources and are recognizably oriented to them. Dragging a file over a folder to
clean up the computer desktop, for example, is impossible without the digital screen
and is oriented to it; therefore, it creates a mediated/virtual place. This does not mean
that it is constituted of digital resources exclusively: material resources such as mouse,
monitor, hand and light, are obviously part of it.
It is necessary to specify that Figures 1 and 2 are a simplified illustration of the Place
of Presence during action: they illustrate the place of one action. However, Place is not
an individual exoskeleton with a fixed extension carried around by turtle-like individuals
across all circumstances. It has specific content and shape. If we had to represent an
actual place, we would probably need to connect it to other overlapping ones since
people are frequently involved in simultaneous activities (Rettie, 2005). People interact,
and their conjoined actions give way to a conjoint place, with asymmetries and
common areas (Figure 3). Finally, Place has a temporal as well as a spatial contour: its
resources include the history of an action and its projected development. This means
that when one interlocutor pauses and the other takes the turn, she still remains
somehow present in a conjoint place, as long as she is still involved in that action
sequence. In the following paragraph, we will reflect on these and other theoretical and
practical implications of the model.

Fig. 3: The place of social interaction (horizontal) overlapped with the place of
individual action (oblique).
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4. Implications
The definition of presence proposed here has important consequences for the way
human interaction with technologies can be conceptualized. Some have been touched
upon in the previous paragraphs, others will be mentioned here.
a) Technologies do create virtual places. Objective distinctions based on spatiality
and materiality alone, made it hard to locate virtual activities somewhere other than in
the space where the technical infrastructure is hosted, thereby depriving mediated
experiences of a citizenship on their own. But in the model highlighted above, Places
are identified by actions and by the resources connected to them. It won’t be necessary
for such resources to be homogeneous or located in close continuity on the same
stretch of land, if they’re part of the same course of (inter)action. Thus people talking
on a mobile phone inhabit a communicative place, supported by mobile phone
technology and characterized by specific resources for action. On the other hand, the
flexibility of this model makes a definition always necessary: while studying presence,
one must take care to ascertain its configuration and the way in which different places
are discriminated.
b) Technologies are always socially positioned (Kling, 1996); each place has access
codes to the actions afforded and to the resources available. As pinpointed by the
phenomenon of the digital divide, mediated places have rules for letting people in and
allocating benefits. Cultural norms appear that make a claim on what is the appropriate
and legitimate form of participation. As a result, mediated actions are never neutral,
but positioned vis-à-vis other alternatives within a matrix of social differences.
c) Presence is a process, not a state. First, it unfolds temporally as well as spatially,
simultaneously taking into account both future and past. Place is experienced for what
it is likely to become in the next future and for what it has just been in the past. So
Presence can be resilient, mutable and distributed across different places. If a user
temporarily interrupts her action in a virtual environment but at the same time displays
a continuous involvement with its trajectory, than she is still inhabiting the virtual place.
Presence departs from the virtual environment when the ongoing activity is no longer
primarily mediated by the virtual environment and oriented to it. Second, Presence is
an active process, for people orient, re-configure and challenge their presence
continuously. If the identity of each participant is subject to the expectations and
possibilities endowed by a certain mediated place, then it is a natural territory for
negotiations and struggles. Participants exploit those resources strategically to save

12

A. Spagnolli & L. Gamberini

face and maintain a positive identity. Finally, Presence is a relational process: being in
a place always means being involved with specific objects, exposed, interdependent.
Therefore, designing presence will be a matter of designing a whole series of situations
that go beyond the digital stimuli per se and studying Presence will include several
observational methods, not only self-reports.
d) In a place, the material and non material dimensions share an equal status as
resources for action. For the acting subject, the mediated Place is simultaneously
physical, cognitive and cultural, populated by objects that are hybrid in nature,
segmented according to their pragmatic properties (Gamberini & Spagnolli 2003;
Spagnolli, Varotto, & Mantovani, 2003). Even the Body, which is a neglected
component of the virtual experience, is an essential part of it, operating on the
interface, processing stimuli, experiencing states (fatigue, …), and executing familiar
routines. In the design of mixed or augmented reality, when technology is supposed to
recognize natural behaviours as inputs, the body will clearly emerge as a key element.
5. From inhibiting to inhabiting the Place of Presence
In this paper, some conceptual tools to address the users’ experience in mediated
environments were proposed, on the basis of contributions coming from several
disciplinary fields; it was argued that a distinction between the subject and her
environment can make ‘virtual places’ difficult to identify and her experience difficult to
grasp. Being present is not a consequence of staying in a certain spatial context or
wearing a certain device, but the result of an involvement with the environment. If
Presence stops being ‘an inner citadel of unimplaced freedom’ (Adams, Hoelscher, &
Till, 2001, p. 406) and become relational, it can acquire a central position in the study
of mediated experiences. First, self-reports that are necessary if presence is meant as
a private, intimate phenomenon, cease to be central in a public, relational perspective
rooted in action: the modifications of presence can be appreciated with quantitative and
qualitative methods for the analysis of the users’ actions and resources. Second, the
model of Presence as positioned in a Place highlights the connections with the larger
normative and cultural orders and offers a unified framework to the macro and micro
dimensions of the digital experience that would otherwise be scattered across different
disciplinary agendas. Finally, the model considers any a mediated environment as
constituted of both natural and digital components, whose depiction is necessary in
evaluating the nature of people’s presence in a certain environment. The model is then
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not confined to a conceptualisation of Presence in Virtual environments, but also in
mixed and natural ones, and is then well suited to a range of mediated situations.
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ABSTRACT
This paper explores the temporal and spatial characteristics of mobile phone
communication, comparing the experience of presence in phone calls and in virtual reality
environments. It is argued that in phone communication interactional affordances create an
experience of presence and a degree of embodiment. The theoretical framework adopted
combines Goffman’s frame analysis with Gibson’s affordance theory and a situated cognition
perspective. The concept of presence is clarified by an analysis of embodiment. The
traditional view of embodiment is criticised as assuming a Cartesian mind/body dualism. An
alternative view of embodiment is developed which challenges the dichotomies of virtual and
physical embodiment, and of virtual and physical environments.
Keywords: presence, embodiment, situativity, mobile phone, virtual environment.
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1. Introduction
Communication is a fundamental aspect of social interaction. The last decade has
seen a proliferation of interpersonal communication technologies. These new forms of
communication seem to change perceptions of time and place, because they enable
people to participate in different interactions at one time, and to take part in interactions
at distant places.
The first part of this paper focuses on the spatio-temporal dimensions of mobile
phone communication. It begins with some dramatic postmodern concerns about the
effects of new communication technologies. This is followed by a review of some of the
effects on time and place wrought by mobile communication. Although much of this
paper is relevant to all phone communication, mobile phones exacerbate the effects of
phone communication because they increase the occurrence of concurrent
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interactions. These distribute the experience of presence between parallel interactions,
creating absent presence in the face-to-face interaction, as presence is diverted to the
phone interaction.
The second part of the paper compares the experience of presence in phone
conversation to that experienced in a virtual reality environment. Firstly, the concept of
embodiment is explored, as a defining characteristic of the experience of presence in
virtual reality (Slater & Usoh, 1994). It is argued that virtual and physical embodiments
are complementary, and that both are created by the affordances of an environment.
An affordance is the perceived potential for action. Affordances include located
perspectives, action with objects and interaction with others. It is argued that the
perception of potential action within an environment generates the experience of
presence and embodiment in that environment. Consequently, in phone calls
interactional affordances create a sense of presence and embodiment in a shared
space.
The themes of this paper find resonances with others in this special issue,
specifically: on the place-space distinction (Spagnolli & Gamberini); on the relationship
between presence and place (Spagnolli & Gamberini; McCall, O'Neill, Carroll, Benyon,
& Smyth); on the relevance of responsiveness to the experience of presence (McCall
et al.); and on the mutable boundary between physical and virtual embodiment
(Gemeinboeck & Blach).
2. Spatio-Temporal Dimensions of Mobile Phone Communication
2.1 Postmodernity
Several writers claim that modernity has radically changed the relationship between
time and space. It is argued that the introduction of universal clock-time and modern
communications changes the relationship between time and distance (Kern, 1983;
Harvey, 1989; Bauman, 2000). Before electronic communication the geographical
distance between places was proportional to the time taken to move from one to
another; this is undermined by modern communications. Telecommunications alter the
relationship between time and space, contributing to the “death of distance”
(Cairncross, 1997), increasing “time-space distanciation” (Giddens, 1990, p. 14) and
compressing time (Harvey, 1989). Simultaneity replaces delay, creating “timeless time”
(Castells, 2000, p. 14) and a “global present” (Adam, 1995, p. 112). Urry introduces the
term “instantaneous time”: the absence of delay increases focus on what is immediate,
“the future increasingly appears to dissolve into an extended present” (2000, p. 128).
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Modernity “tears space from place” because it enables interaction without localised
presence (Giddens, 1990, p. 18). Space and time are replaced by time at the speed of
light; this poses a huge threat to our way of life, “a shock, a mental concussion” (Virilio,
1995, Para. 6). The mobile phone accelerates these changes, it is a “very postmodern
phenomenon” (Roos, 2001, Para. 25) and the “key device of the postmodern age”
(Kopomaa, 2000, p. 121).
These hyperbolic claims are purely theoretical, but their frequency and intensity
reflects concern about the effects of modern communication technologies. Their
recency is perhaps surprising when the telephone, which enables interaction at a
distance, was invented in 1876.
2.2 Time
Harvey (1989) challenges the concept of a single objective sense of either space or
time, arguing that different concepts of time and space are developed through social
processes. Adam, concurs “There is no single time, only a multitude of times which
interpenetrate and permeate our daily lives” (1995, p. 12). She argues that the
quantification of time, through the introduction of clock-time, has meant that time is
treated as a resource, to be saved, spent or exchanged. The mobile phone challenges
this linear concept of time, because it acts as a “Lazarus device” (Perry et al. 2001, p.
14) resurrecting dead or unproductive time, e.g. travelling time, when calls can be a
secondary, supplementary activity. This allows users to fill their time with more
activities (Johnsen, 2002).
Mobile phones both conserve and consume time. They improve time management
(Townsend, 2000; Laurier, 2001) but they also increase “presence-availability”
(Giddens, 1984), creating new opportunities for interaction, so that more time is used
for communication (Gant & Kiesler, 2001; Ling, Haddon, & Klamer, 2001). Green
(2002) suggests that the “always-availability” of mobile phones affects the sequencing
of tasks, and the cycles of work, leisure and family life, with consequent social
implications.
2.3 Place
It is suggested that mobile phones liberate people from place (Wellman, 2001).
Mobile communication is compatible with mobility, removing the need to stay by the
telephone (Geser, 2004) reducing the role of place and the “place-centredness of
schedules” (Palen, Salzman, & Youngs, 2001). The sense of belonging to a place “is
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actually transformed into the sense of belonging to one's communicative network”
(Fortunati, 2000, quoted by Geser, 2004, Sect. 5.1).
Several authors have distinguished space from place. Casey (1997, p. xiii) claims that
place is overshadowed in modern thought by space; he argues that we live in places
not spaces; places are more than geography, they comprise “identity, character,
nuance, history”. Places are located in spaces, but not all spaces are places. Places
are imbued with social meanings (Harrison & Dourish, 1996) but “the concept of space
has nothing to do with experience... . Space is a myth, a ghost, a fiction for geometers”
(Gibson, 1979, p. 3). To emphasise the social aspect of place, Giddens (1984)
introduces the term “locale”, this is the setting for social interaction. Spagnolli and
Gamberini (2004, p. 49) distinguish both “objective space (homogenous and
measurable)” and “mental space (pure and abstract)" from place, which is
“recognizably associated to meaning on a psychological and cultural basis”. In a
counterpart to the process by which situated action (Suchman, 1987) is given meaning
through place, place acquires meaning through social action.
The differentiation between space and place varies: Harrison and Dourish (op cit.)
argue that there are mediated places (e.g. LamdaMoo, an online environment) which
do not exist in (geographical) space, i.e. place without space. Conversely, Giddens
suggests that electronic mediation enables interaction without being in the same
physical place: mediated interaction occurs in space, but not in place. From studies in
cultural geography, Brown and Perry (2002, p. 50) abstract general dimensions of the
place/space distinction. "Specifically, to call something a ‘place’, brings attention to its
located, embodied, personal, local, human nature. And to call something ‘space’ is to
bring attention to its abstract, objective, global, general, inhuman qualities." Space is
“abstract and distributed”; place is “local and (the) contingent”.
Mobile phone communication affects the use of time and the role of place; an
important spatio-temporal effect is its distribution of presence in simultaneous
interactions.
2.4 Place in Mobile Phone Communication
When people are on the phone, there is a sense in which they are in two places at
one time. This is particularly apparent for mobile phone communication, where mobility
means that calls are likely to interrupt concurrent copresent interaction. Palen, Salzman
and Youngs (2001, p. 121) comment, “When mobile phone users are on the phone,
they are simultaneously in two spaces: the space they physically occupy, and the
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virtual space of the conversation (the conversational space).” Ito and Daisuke (2003, p.
6) claim that “Mobile phones … create new kinds of bounded places“. These spaces
are particularly valuable to Japanese teenagers who, they suggest, lack private
physical places.
Schegloff (2002, p. 286-7) repeats an anecdote where one passenger listens in,
rather obviously, to a mobile phone conversation. This outrages the mobile user who
protests, “Do you mind!? This is a private conversation!” Schegloff writes, “She is
almost literally in two places at the same time … The other place that she is is ‘on the
telephone’. And she may well understand that to be a private place. … (she) is not in
the same ‘there’ as the rest of us are; there are two ‘theres’ there”.
Being in two different places at one time is problematic. One way out of this is to use
the distinction drawn in Section 2.3 between spaces and places. The participants are
‘on the phone’, the meeting is real, but there is no meeting place or location; the phone
call occurs in space but not place. The shared space is an abstract logical
consequence of copresence. The shared space has no dimensions and the
participants do not occupy relative positions within it; people can be in two spaces at
one time.
Actually it is more complicated. Phone conversation occurs simultaneously and
remotely in two physical places, both people are heard at each location. In addition,
there is the shared space, where the participants meet ‘on the phone’. There are
therefore three spaces/places, the place where each participant takes the call and the
phone space.
The next section explores the notion of presence and uses Goffman’s frameworks to
clarify the concept. The distinction between place and space is then used to compare
presence in mobile phone conversation to presence in virtual reality environments.
3. Embodiment and Presence in Mobile Phone Communication
3.1 Presence
The concept of presence as used in the HCI literature is the phenomenological
experience of being present, of being in a situation or environment, the sensation of
"being there" (Ijsselsteijn, de Ridder, Freeman, & Avons, 2000, p. 3959). Blascovich
(2002, p. 129) defines presence as “a psychological state in which the individual
perceives himself or herself as existing within an environment”.
Presence in the phone space reduces presence in concurrent copresent interaction,
“as someone talks on the phone, one is in her or his own private space. Talking on the

20

R. M. Rettie

mobile phone in the presence of others lends itself to a certain social absence where
there is little room for other social contacts. The speaker may be physically present, but
his or her mental orientation is towards someone who is unseen” (Puro, 2002, p. 23).
Gergen introduces the term “absent presence”; the mobile phone “extends the domain
of absent presence” (2002, p. 227) because it increases conflicting concurrent
interactions.
The concepts of presence and place are related (Spagnolli & Gamberini, 2004):
presence is about ‘being there’ (Ijsselsteijn et al., 2000) where ‘there’ denotes a place
or space. The mode of presence depends on the nature of the mediated place
(Spagnolli & Gamberini, 2005), or on the frame (Rettie, 2004).
Spagnolli and Gamberini (2005, p. 10) claim that there can be no presence without
place. They allow that there is presence in mobile phone communication, but claim that
this is because there is a shared “communicative place”; however, it is not clear that a
phone ‘communicative place’ includes the psychological and cultural meanings
essential to their definition of place. Most presence definitions include a sense of
physical space (Freeman, 2003; Freeman, 2004) yet mobile phone behaviour suggests
that presence can occur without a sense of physical location; in phone calls people feel
that they are together, ‘on the phone’.
3.1.1 Goffman’s Frameworks
Goffman’s concept of frames helps to clarify the concept of presence (Rettie, 2004).
Goffman (1974, p. 21) introduces the concept of frames as follows: "When an individual
in our Western society recognizes a particular event, he tends, whatever else he does,
to imply in this response (and in effect employ) one or more frameworks or schemata of
interpretation …[which] is seen as rendering what would otherwise be a meaningless
aspect of the scene into something that is meaningful." In other words, we use frames
to interpret our experience. Frames answer the question, "What is going on here?" [p.
46]. Frames are social, and usually shared by the participants of a situation.
Frames shape what is perceived; frames can break due to inconsistency of frame and
content, changing what is perceived to have ‘gone on’. Visual gestalt switches (see
Figure 1) and the placebo effect are just two examples of the way frames affect
perception. In psychology there is considerable empirical evidence for the related
phenomena of priming, conditioning, scripts, schema and personal constructs.
However, these tend to be applied only to representational or symbolic cognition,
whereas the concept of frames can be extended to direct perception. For example the
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frame ‘being in love’ affects the sensory perception of touch, the frame ‘riding a bicycle’
affects the body’s automatic responses to changes in the environment. In the field of
AI, the use of frames is reflected in the idea of perception-conception coupling
(Clancey, 1997). Frames also have the advantage of encompassing the whole
situation, including the self, rather than just 'external' objects. This avoids the
imposition of a dualist stance and makes frame analysis relevant even within the
situativity perspective discussed below.

Fig. 1: Old/young woman.

Presence can be analyzed as engrossing involvement in a frame (Rettie, 2004). If
presence is ‘being there’, involvement relates to ‘being’ and the frame explains what is
meant by ‘there’, it defines the situation or environment. The term ‘involvement’ here
does not describe interest in the content of an experience, but the allocation of
attention to the framed situation as a whole. Goffman suggests that attention is a
limited resource, which is allocated between different frames, and that one may focus
attention on a particular framed experience, becoming engrossed. His theory can be
extended to presence. Presence is the feeling of engrossment in a framed experience;
the frame defines the nature of the presence. Under this analysis, as we become
engrossed in the phone call, we experience presence. This frame analysis of presence
can be mapped onto the three presence factors highlighted by Freeman (2004); a
sense of spatial presence is created by the frame, engagement corresponds to
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involvement, and realism relates to the consistency between frame and contents, which
helps to sustain the frame and to maintain the experience of presence.
Frame analysis helps to explain presence in mediated environments; the frame
provides the context, it both constructs and makes sense of the experience. A
mediated environment may be framed as a space or a place. In virtual reality there is
often a virtual place. Participants on the phone behave as if their interaction occurs in a
separate, shared, private space but, it is argued, not in a location or place. In phone
presence, a sense of place is replaced by copresence and intersubjectivity; social
interaction constitutes “successfully supported action in the environment ” (Zahoric &
Jenison, 1998, p. 87). Phone conversation, in fact, provides the three elements which
Mantovani and Riva (2000) claim facilitate a sense of presence: a cultural framework,
the possibility of negotiation, both of actions and of their meaning (in this case turn
taking) and the possibility of action. In the absence of place, interaction is essential;
there is no sense of presence when talking to an answering machine.
Phone conversation is an example of presence without place; it is not clear whether
presence in the phone space is the same as presence in a physical place. One issue is
the role of the body, which is central to physical presence, but more problematic in the
phone space. The rest of this paper explores the concept of embodiment. In order to
illuminate presence and embodiment in a phone call, it is compared to that experienced
in a virtual reality environment. The theories of Merleau-Ponty and Gibson are used to
explore embodiment, which, research suggests, is a key determinant of the experience
of presence in a virtual environment. Using the concept of affordances, it is suggested
that both presence and embodiment are created by the affordances of an environment.
3.2 Embodiment
“In a sense, all reality is virtual. It is constructed through our sense organs and
cognitive apparatus. Reality is not ‘out there’, it is what we take to be ‘out there’”
(Ijsselsteijn, 2002, p. 245). This quotation suggests a constructionist stance that is
consistent with frame theory. However, it raises two important questions: the distinction
between virtual and physical reality, and the distinction between ‘out there’ and ‘in
here’. This section explores the second question, focussing on the concept of
embodiment; the following section focuses on the relationship between virtual and
physical environments.
The dichotomy that contrasts ‘in here’ with ‘out there’ raises the question of whether
the body is ‘in here’ or ‘out there’. To assume the latter is to adopt a Cartesian dualist
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approach that complicates mind body interaction. In fact, the distinction is misleading
and can be avoided by the situated perceptual perspective proposed by many authors
including Dewey, Merleau-Ponty, Vygotsky, and Gibson (Greeno, 1994; 1998).
3.2.1 Merleau- Ponty and the Corporeal Schema
Merleau-Ponty (1962) disputes the body-subject dichotomy; there is no duality
between consciousness and body or between the body and the external world. He
claims that consciousness implies embodiment, and is primarily perceptual rather than
linguistic and reflective; one is one’s body (Crossley, 2001). The body is therefore not
‘out there’: “…consciousness is inseparable from perception, and in turn perception is
inseparable from the particularities of one’s body” (Richardson & Harper, 2002). For
Merleau-Ponty direct perception applies not only to one’s body, but to the external
world as well. In other words, there is no ‘in here’ and ‘out there’, just a holistic sense of
the body-subject within the world, the ‘corporeal schema’. “The corporeal schema is an
incorporated bodily know-how and practical sense; a perspectival grasp upon the world
from the ‘point of view’ of the body” (Crossley, 2001, p. 123). The corporeal schema
extends to social interaction, where our embodiment enables us to instinctively and
unreflectively interpret social context and norms. The corporeal schema “may be
enlarged or diminished, moreover, through the incorporation of alien elements”
(Crossley, op cit.) The blind man’s stick ceases to be an external object for him and
becomes an “area of sensitivity” (Merleau-Ponty, 1962, p. 143), an extension of his
perception. Adopting the alternative phenomenalist view expounded here, virtual reality
technology extends the field of action and embodiment is extended to the virtual
environment.
Merleau-Ponty describes Wertheimer’s experiment which uses a mirror to create a
virtual room at 45˚ to the vertical. At first the subject sees the room “slantwise” but
“after a few minutes a sudden change occurs”, the reflected room is perceived as
vertical and “the reflected room miraculously calls up a subject capable of living in it.
This virtual room outs the real one to such an extent that the subject no longer has the
feeling of being in the world where he actually is. …What counts for the orientation of
the spectacle is not my body as it in fact is, as a thing in objective space, but as a
system of possible actions, a virtual body with its phenomenal ‘place’ defined by its
task and situation. My body is wherever there is something to be done.” (MerleauPonty, 1962, p. 248-250). Although this report includes the sudden change of gestalt or
break in presence reported by modern researchers of virtual environments (e.g. Slater
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& Steed, 2000), Merleau-Ponty does not interpret this simply as a switch between two
alternative environments, rather in his holistic approach, alternative virtual and physical
‘selves’ are constructed as actors within their perceived environments.
3.2.2 Gibson’s Ecological Psychology
Gibson’s ecological psychology (1979) also challenges the assumption of internal
mental versus external physical processes, an offers an interactional view of perception
and action. This perspective has been developed into situativity or situated cognition
theory in which “cognitive processes are analyzed as relations between agents and
other systems” (Greeno, 1994, p. 337). The level of analysis shifts from individual
cognitive states to interactive processes, either with other agents or with the
environment. In this theory the environment is not an independent factor; the emphasis
moves from a focus on the mental representations of the participants to a focus on the
interactive system as a whole. The situativity perspective also challenges the boundary
between the environment and the body; Gibson notes that tools, when used, become
an extension of the body, but when detached they are part of the environment.
Ecological psychology moves from an internal versus external perspective to a holistic
self-environment relationship. For Gibson, we do not perceive the properties of objects,
per se, but their properties in relation to ourselves, i.e. in terms of what they afford us,
or their affordances. Affordances are properties of the environment in relation to an
agent and in support of an activity, for example, sitting is an affordance of a chair.
Affordances are directly perceived, although they may be learned. Gibson’s theory of
affordances can be used to explain embodiment: the environment is not perceived as
something ‘out there’ and independent of ourselves, but directly and relative to our
selves. It is the relational properties or affordances of an environment which enable us
to construct our embodiment ‘in there’ i.e. within the environment. As Gibson points
out, in visual perception the “ambient optical array” simultaneously specifies the
environment and our embodiment and motion within that environment. Gibson’s optical
array creates the subjective view: a cone shaped, forward directed window on the
world. Visual perception is always relative to the position of the body and includes
propriosensitive information about the observer (Gibson, 1979); this simultaneously
locates us within the environment and constructs embodiment. This is very similar to
Merleau-Ponty’s “orientation of the spectacle of (my) body” which depends “on the
‘system of possible actions” (1962, p.249- 250).
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3.2.3 Embodiment in a Virtual Reality Environment
Embodiment enhances the experience of presence in a virtual reality environment
(Slater & Usoh, 1994); embodiment, and consequently presence, can be enhanced by
relating visual projection to the position of the head. “The way the world responds to
our actions can be conceived of as a reality test. If the world transforms in a way that is
consistent with our perceptual representations of the invariants of the physical
environment, for example exhibiting appropriate motion parallax as we move our
heads, we are more likely to accept the world at face value. …In this way, the
participant will become aware that he or she is an actor within the environment … and
[this]will greatly enhance the feeling of being there within the mediated environment –
the sense of presence.” (Ijsselsteijn, 2002, p. 249-251). In some virtual reality
environments, stereoscopic glasses or head-mounted display enable viewpoint
dependent changes; perception is coupled to observer movement, in real-time. This
creates a situated perceptual perspective and affordances in the virtual environment,
inducing embodiment and increasing presence. The mirror in Wertheimer’s experiment
is also viewpoint dependent, perception will vary with head movement, encouraging
virtual embodiment. Similarly, interaction with other participants in an environment is
responsive and action-dependent, creating a sense of embodiment.
Greeno (1994; 1998) discusses the affordances of interpersonal interaction and
suggests that in face-to-face conversation we directly perceive affordances in pauses,
facial expressions and other gestures. Conversation analysis using recorded telephone
calls (Sacks, Schegloff, & Jefferson, 1974) shows how phone conversations are
governed by numerous subtle cues, for instance, changes in intonation; these also
appear to be directly perceived. These cues indicate conversational opportunities or
affordances

such

as

turn-taking,

topic

introduction

and

repairs.

In

phone

communication, these affordances and the potential to act and interact create a sense
of embodiment, creating subjects that perceive themselves to be copresent. Phone
communication extends the subjective view defined by the ambient optical array.
The situativity perspective explored in this section moves away from the concept of
the body as separate from the mind to a holistic perspective in which self, body and
environment are conceived as a single system. Affordances consist of interaction with
the environment as a whole (located perceptual experience), interaction with objects in
the environment and interaction with others in the environment; this interaction creates
the experience of embodiment and a sense of presence. The theory blurs the
distinction between virtual and physical environment. This is explored in the next
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section, where it is argued that virtual and physical embodiment are complementary,
rather than mutually exclusive alternatives.
3.3 The Relationship between Virtual and Physical Environments
The concept of presence as ‘being there’ creates a paradox under ingenuous realism
(Mantovani & Riva, 1999); presence in a physical environment is seen as conflicting
with presence in a virtual environment. This is conventionally resolved by defining
presence in the virtual environment as an illusion (Lombard & Ditton, 1997). However,
this misconstrues the experience; except in the most extreme cases there is residual
awareness at some level of mediation (ISPR, 2004). Despite awareness of mediation
there is an experience of embodiment in the virtual environment: the illusion of nonmediation is not necessary for the experience of presence and embodiment.
Embodiment is a response to the affordances of an environment: the experience of
being in a virtual environment is not an illusion.
Hayles (1996) reminds us that the body, through which we perceive the virtual
environment, actually plays a crucial role in the construction of the virtual reality
experience. In a virtual environment one does not experience the dissolution of ones’
physical senses, nor does one construe the eyes that see the virtual world as virtual
eyes; rather ones’ embodiment seamlessly spans the physical and virtual worlds. The
proprioception neuron sensors continue to relate to the physical body, there is no
feeling of disembodiment, such as that experienced by some brain damaged patients
(Sacks, 1985). Richardson and Harper (2002) argue that virtual reality does not offer
disembodied reality, but rather a different facet of embodiment “the virtual becomes an
aspect of our embodiment”. See also Gemeinboeck and Blach, this issue, on the
porous boundary between the real and the virtual. The assumption of a categorical
distinction between virtual and physical is founded in the Cartesian distinction between
mental and physical.
In an ecological psychology perspective of virtual reality, the embodied self is situated
in both the virtual and physical worlds, without distinct boundaries between the mind,
the body, the stereoscopic glasses (which become invisible as they are subsumed into
our perceptual apparatus) and the virtual environment in which we perceive ourselves
to act. This is consistent with experience: as I type, I am not aware of boundaries and
interfaces between my mind, my fingers, the keys, the virtual text on the screen and the
meaning I create. Rather, I perceive myself as actor within a continuous physical-virtual
environment. In this analysis, virtual reality complicates reality, but it does not create
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the multiple realities described by Poster (1995, p. 40) and other postmodernists.
Although the self is constructed as actor within both physical and virtual environments,
and embodiment may be experienced in both spaces, these are not separate realities.
The temptation to conceive of virtual and physical embodiment as conflicting realities
arises in three ways. Firstly, the concept of embodiment in the virtual environment
conflicts with our Cartesian concept of the body as an external physical object.
However, the experience of embodiment in virtual reality environments is reported in
numerous empirical studies and can be reproduced consistently and easily; this
experience shows that the traditional Cartesian concept of embodiment is an over
simplification.
Secondly, a sudden switch is sometimes experienced as the dominant awareness of
embodiment moves from the physical to the virtual environment. This perceptual
switch, so clearly described by Merleau-Ponty (1962) is similar to that which occurs in
Figure 1. Even though one is aware throughout that there are two alternative
perceptions, the change from young woman to old woman, or vice versa, involves
conscious effort and is experienced as sudden and exclusive. Garau et al. (2004, p.
237) describe the active effort participants make to “get back” into the virtual
environment after a break in presence; as one respondent commented: “I had to focus
… to bring it back to life. It was an effort”. This is similar to concentrating on the old
woman’s chin or nose to switch perception, this work corresponds to the application of
the specific frame. This gestalt switch does not imply that there are really two pictures;
similarly there is no need to postulate multiple external realities corresponding to the
different forms of embodiment. The alternative frames ‘young woman’ and ‘old woman’
create two conflicting perceptions of Figure 1; similarly there may be conflicting
perceptions of embodiment, which depend on the frame employed. The sudden switch
is a frame break as attention switches from one frame to another.
Thirdly, there is the somewhat disconcerting realization that one perceives oneself to
be embodied in what is framed as unreal; hence embodiment in a virtual environment
seems to be a contradiction in terms. For Goffman (1974) virtual reality would involve a
transformed frame, signalling unreality; but this does not mean that it is not a genuine
experience, only it is not what it appears to be, i.e. an experience of a physical
environment.
Although these conflicts between virtual and physical environments can be resolved,
they are avoided altogether in phone calls because they are framed as occurring in
virtual spaces. The use of the ‘space’ frame allows for some sense of embodiment, but
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avoids the need for a sudden frame switch, such as that experienced when the
dominant experience of embodiment changes from a physical to a virtual place. On the
phone there are no directional cues and one cannot move relative to the environment;
the body is not located within the phone space and this reduces the experience of
embodiment and presence.
4. Conclusions
The mobility of the mobile phone exacerbates the effects of phone communication,
changing the use of time and altering the relevance of place. Mobile phones increase
the occurrence of concurrent interactions, creating absent presence in face-to-face
interaction as presence is diverted to phone interaction. Distinguishing between places
and spaces helps to resolve the paradox of conflicting phone places.

Author
Goffman
MerleauPonty
Gibson

Theory
Frame
Theory

Theoretical Implications for Presence
Presence as engrossment within a frame. The frame
relates to activity or ‘what is going on’. Sudden breaks in
frames create breaks in presence.
Corporeal
Subject summoned by the environment. Presence is a
Schema
response to our perception of ourselves as active within
an environment. Sudden change as orientation switches
from the physical to the virtual environment.
Ecological
Self-body-environment is a holistic system. Embodiment
Psychology and presence are created by affordances and agency
within the environment.
Table 1: Implications for Presence Theory.

This paper highlights the similarities between the work of Goffman, Merleau-Ponty
and Gibson, despite their being active in the diverse disciplines of sociology,
philosophy and psychology. The parallels drawn between the work of these authors,
and their implications for the theory of presence, are summarised in Table 1.
This theory has significant implications for the design of communication interfaces
because presence seems to mediate other factors such as attention, liking, persuasion,
illusions of reality, and learning. These design implications are briefly described in
Table 2.
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Author
Goffman

MerleauPonty
Gibson

Theory
Frame
Theory

Design Implications
Cue relevant frame – for instance, make it clear that it is
as a virtual environment. Increase involvement in frame
through allocation of attention: experience should be
involving and demanding. Maintain consistency of
transformed frame, for instance, through accurate 3D
visual and audio cues and interaction with other actors.
Maximise agency through real time interactivity between
Corporeal
users and the environment, and between users.
Schema
Recognise that artefacts become transparent and an
extension of the body. This is facilitated where use can be
Ecological
Psychology habitual and seamless, without the need for visual
reference to an interface. It also means that the
perception of the interface changes over time with
consequent implications for interface research.
Table 2: Design Implications.

The situativity perspective challenges the dualist distinctions between ‘in here’ and
‘out there’, between self and body, between body and environment and between virtual
and physical reality. Embodiment is conceptualised as a corollary to the perception of
affordances in an environment, we are ‘in there’. The affordances of action and
interaction create a sense of embodiment and the experience of presence. In phone
communication a sense of presence and embodiment in the phone space is induced by
conversational affordances; it is a similar (if somewhat diluted) experience to that in a
virtual reality environment.
The ecological psychology approach to mediated presence undermines the
distinction between virtual and physical embodiment. Virtual embodiment does not
exclude physical embodiment; even in virtual embodiment the body is not conceived
as virtual, but merely as located within a virtual environment. This implies that
modernity does not constitute a radical change and the concerns of postmodernists
are unfounded.
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ABSTRACT
This paper examines the effect that changing arena (i.e. an immersive CAVE or head
mounted display) and adding an augmented barrier has on the sense of place and presence
in two photo-realistic virtual environments. Twenty eight subjects (17 male, 11 female)
mainly undergraduate students or staff took part. The paper summarises two experiments
that used a range of data capture methods including the place probe, semantic differentials,
distance estimates and the MEC Questionnaire. The results indicate that in non-interactive
photo-realistic environments the choice of arena has an impact on the perceived ability to
undertake actions, and hence sense of place and presence; with the CAVE providing a
lower sense of spatial presence for certain aspects than the HMD.
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Introduction
This paper explores how sense of place and presence is altered by changing the
arena in which a virtual environment is displayed and how it is affected by the use of
graphical augmentations. An empirical study was undertaken that compared two
arenas: a fully immersive, six-sided cubicle (a CAVE) and a Head Mounted Display
(HMD). Both displayed a variety of scenes using a photo-realistic display known as
image based rendering (IBR).
The technology explored in this study is based around the idea of capturing
photographic images of a real world location or place. The photographs are then
processed and rendered in a virtual environment arena. A key part of the user
experience of such an environment is an individual’s sense of place (Relph, 1976;
Tuan, 1977). Our previous work explored the comparison of sense of place between
real and virtual environments (McCall et al., 2004) and how to capture the sense of
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place (O'Neill et al., 2004; McCall et al., 2004) so that designers can better design the
virtual experience. As a result we became interested in how sense of place changes
when the arenas are changed, or when aspects of the scene are changed, for example
through the use of graphical augmentations of the photo-realistic scene. Our research
was also driven by the need to provide information that could help the system
developers in selecting appropriate scenes and in improving the technology.
According to Relph (Relph, 1977) sense of place is related to physical properties,
activities and meanings. These are very high-level issues and in this paper we have
chosen to further break these categories down adopting a framework proposed by
Bentley, Alcock, Murrain, McGlynn and Smith (Bentley et al., 1985) known as
‘responsive environments’. The concept of responsive environments shares many of
the basic aspects of environment legibility developed by Lynch (Lynch, 1960). By
focussing on what features make an environment responsive to the needs of its users
we can then begin to explore how properties of virtual environments (such as arena
used for the display and scope for movement) may alter the responsiveness and
ultimately sense of place and presence.
The paper begins with an introduction to the concept of responsive environments
(Bentley et al. 1985), place and presence. From there it discusses the nature of the
studies in this paper, including information on the arenas, augmentation (a barrier) and
data capture methods. It then presents results, discussion and a conclusion.
Responsive environments
Bentley et al. (1985) have developed a set of guidelines which they claim make an
environment responsive to the needs of its users. They do this using the following
concepts:

permeability,

variety,

robustness,

visual

appropriateness,

richness,

personalisation and legibility.
Permeability is a property of how easy it is to move through an environment and
depends heavily upon the paths and objects placed within the space. There are two
types of permeability: physical properties (e.g. a path) and visual appearance. For
example although a path may exist in some environment, if it is not visually obvious it
may remain unused. This in turn affects the sense of place people experience in the
environment. Permeability is also influenced by the nature of spaces, for example
whether they permit private or public access.
Variety refers to the range of activities, people and building forms which can be found
in a space. The varied nature of people, forms and activities will create a range of
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meanings and in turn the meanings may influence the variety of options available. For
example in a museum people can buy gifts, view exhibits, talk to other visitors and
perhaps visit a café. However a virtual version of the same museum may concentrate
only on aspects related to viewing exhibits, thereby altering the sense of place. As well
as being shaped by the range of activities which are built into the space, variety is a
product of the location of features and paths of movement.
Robustness explores how a single space can be put to multiple uses. An example
would be a room where changing the configuration of the furniture may lead to it
becoming a lecture room, dining room or place for a Christmas party. Robustness is
also influenced by temporal aspects. For example a museum exhibit may be open only
at specific times, with people queuing in order to gain access. If large groups of people
are queuing then the queue may act as a meeting point, social space (as people may
begin to converse) or as an area to relax prior to seeing the exhibits. However as soon
as the exhibit opens then the queuing area may simply return to its original use, that of
channelling and controlling movement.
Visual appropriateness is how the provision of cues can support variety, robustness
and legibility, it is vital if people are to correctly interpret how to make appropriate use
of an environment. Examples of poor visual appropriateness are when buildings are
identical in colour and appearance making it difficult to differentiate them.
Richness relates to the range of sensory experiences available, for example sight,
smell, touch and sound. It is also concerned with how the experience can have an
effect on the emotional state of those visiting the place. A visual example would be the
use of paths to provide a heightened sense of awareness of the environment and that
something important is going to happen. Therefore in the visual sense it is important to
consider how long something can be viewed and where it can be viewed from.
Personalisation is the ability we are given to customise an environment on a large or
small scale. Small scale personalisation can include moving a chair in a room, large
scale personalisation being the ability to change the appearance of a building.
Legibility is how easy it is for a person to construct a mental map of their environment
and depends to a large extent to the form of the environment and the activities people
undertake. Lynch (Lynch, 1970) discusses many features such as paths, nodes,
landmarks, districts and edges.
Although these concepts are drawn from the real world they are relevant to the
development of virtual environments. For example paths play a key role in nearly all of
the properties of a responsive environment, due to the fact that they are a predominant
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part of the mental image a person possesses (Appleyard, 1970; Kuipers, 2001; Lynch,
1970). They shape the activities of people and are shaped by the activities people
undertake. Paths also provide a rich sensory experience, as they act as a means to
walk by and through features of a space. This results in them playing a critical role in
the development of a sense of place. In real world environments they suggest and
provide a means of movement. However in the virtual environments discussed in this
paper technical restrictions prevent people from moving. Although the environments
suggest that paths are available using them is not possible. Moreover, virtual
environments often restrict several aspects of the experience such as richness, variety,
robustness and personalisation; therefore reducing the potential cues available that
may help people in developing their sense of place.
Place
Researchers in the field of environmental psychology and more recently virtual
environments have explored the idea of place in order to understand the whole
experience people have of locations (spaces) that they visit (Spagnolli & Gamberini,
2005). The work has often taken a phenomenological perspective (Relph, 1976; Tuan,
1977) with the objective of uncovering the core aspects of a space that result in it
becoming a place. In basic terms a space is the physical manifestation of a location, for
example a room, its walls and furniture etc. Whereas a place contains higher level
aspects such as the activities people undertake, any meanings they attach to it, as well
as the physical properties (Norberg-Schultz, 1976;Relph, 1976).
Presence
Assuming that an environment is responsive to the needs of its users and that our
sense of embodiment allows people to experience the range of activities, people and
forms provided, we contend that they are likely to experience a strong sense of place
and presence. Therefore in a virtual environment presence can be seen as ‘the
subjective experience of being in one place or environment even when one is
physically situated in another’ (Witmer & Singer, 1998). If the sense of place is strong
and the technology provides a high quality experience then people will experience the
'illusion of non-mediation’ (Lombard & Ditton, 1997). Presence also manifests itself in
three ways: physical, social and co-presence (Ijsselsteijn & Riva, 2003). Physical
presence is the focus in this paper and deals with feeling as if one is physically located
in a mediated environment. Social presence is when there is a feeling of being with
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others, either locally or remotely and co-presence is where one feels a sense of being
co-located somewhere with others and combines aspects of social and physical
presence. This paper focuses on physical presence as both virtual environments
studied are for single users only.
A contrasting view of presence is offered by Floridi (Floridi, 2004) as the 'successful
observation' of entities in our surroundings. This view creates two ideas of presence:
forward and backward. Forward presence is where we seek to extend our boundaries
of experience to a remote location, for example by manipulating a robot at a remote
location such as the moon (also known as tele-presence). In contrast backward
presence is where the environment is brought to the participant, for example by placing
someone in an immersive CAVE and projecting images of a given location. The
experiments in this paper focus on backward presence as the environments used seek
to bring another environment to the user.
Contributing Work
The approach adopted from the outset of the research has been to understand
presence in relation to place. Initial studies explored a number of different techniques
for eliciting data, ranging from questionnaires; such as the immersive tendencies
Questionnaire (ITQ) (Witmer & Singer, 1998), the Sense of Presence Inventory (SOPI),
structured interviews, talk-aloud protocols and the subsequent development of our own
method the Place Probe (O’Neill et al., 2004; McCall et al., 2004a)
The effectiveness of these methods has been explored through a variety of data
analysis techniques such as grounded analysis, peer reviewing, semiotic analyses and
various forms of coding. Furthermore, the utility of these techniques has been studied
in a variety of settings such as environmental architecture (Smyth, 2003), real and
virtual representations of botanical gardens, a university stairwell and a city view of
Prague (McCall et al., 2004a; McCall et al., 2004b; O’Neill & Benyon, 2003).
One of the motivations underpinning this research has been to compare virtual
representations of places against their real counterparts. Such comparisons can be
made at many different levels of abstraction. The comparison of the Prague botanical
gardens and the Edinburgh botanical gardens (O’Neill & Benyon, 2003) was
considered to be valid at the level of general characteristics i.e. the virtual gardens did
not feel hot and humid which was a key characteristic of the real gardens. However,
the representational quality of many of the plants provided an overall feel of ‘being in’ a
botanical garden.
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Similarly, the virtual viewpoint study (O’Neill et al., 2004) allowed for the comparison
between a real viewpoint in Prague and a virtual representation of that same place. Of
course it is very difficult for the real and the virtual places to ever be exactly the same.
The impossibility of making a detailed and exact replica must always be kept in mind
when considering the data. However, for the purposes of informing the design of a
virtual place that is as faithful as possible to the real place, focusing on key emergent
themes does appear to be useful. The comparisons made by probing participants’
sense of place in both real and virtual versions of the viewpoint highlighted similarities
in participants experiences, as well as significant technical problems that tended to
interfere with their sense of place and ultimately presence.
Study
Equipment
The virtual environments in the study used a photo-realistic rendering technology
developed within the EU funded BENOGO project. Firstly a digital camera is used to
capture a set of images at a given location. The images are mapped onto a concave
sphere and are displayed in a HMD or CAVE. The actual image seen by the user is a
composite of those previously captured and is based on their position and a software
algorithm.
Unlike certain other photo-realistic technologies the BENOGO system lets people
move freely within a specified area and provides horizontal parallax. However the level
of movement is limited, for example in the system used in this study people can only
walk within a 60cm diameter (in the horizontal plane). Moreover, when looking at the
top and bottom (of the world or sphere) there are some graphical distortions. The
system does not allow interaction with others or photo-realistic objects.
In addition to the rendering technology used the environments were displayed in two
arenas; a HMD and an immersive CAVE. The HMD had a resolution of 640x480 pixels
and displays 14 pixels per degree of view. In comparison the CAVE has a resolution of
1024x1024 pixels but only displays 11 pixels per degree of view. The lower number of
pixels per degree combined with the fact that the images in the CAVE are stretched
across a larger surface area results in the images appearing at a much lower
resolution.
Head tracking was used within the HMD in order to calculate the position of the user
and hence to render the scene from an appropriate point of view in real time. In the
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CAVE the images are projected on to each wall (or surface) with tracking provided via
a head sensor.
Environments
In order to carry out the studies two environments were chosen. The first was a view
from a balcony within the Czech Technical Museum in Prague (see figures 1a & 1b).
This environment was used to conduct the evaluation of place and presence as it
contains interesting content. The second environment was an office within the Czech
Technical University (figures 2a & 2b), it was chosen as it was used high resolution
graphics and all relevant distances within the space were known.
We were also interested in exploring the effect of augmentations on the sense of
place, presence and distance in both arenas. Hence we implemented a computer
generated augmented barrier (see figures 1a and 2a). A barrier was chosen since at
the time of the studies movement of the users was restricted to a 60cm disc and it was
felt that the barrier may discourage people from venturing out with the disc area and
hence experiencing blank displays and other technical problems. It is our intention to
explore the effect the barrier has on movement in future publications. The barrier is
computer generated and when compared to the photo-realistic virtual environment
there are a number of noticeable differences, namely the resolution appears different, it
is brighter and the textures appear less natural.

Fig. 1(a) and 1(b): The technical museum with the augmented barrier and
a view from the balcony in the technical museum.
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Fig. 2(a) and 2(b): The augmented barrier in the box world and the box
world without the augmented barrier.

Data Capture Methods
The objective throughout the study is to combine qualitative and quantitative data
sources and to look for corroboration within the results. It was felt that while measures
such as the MEC questionnaire may provide numerical scores for the varying
conditions, they do not shed light on the higher level experiences which may be related
to the sense of presence; for example the ability to understand content or feelings of
space and size. Moreover the objective of the work was to provide feedback to the
system developers hence there was an interest in relating specific features of the
technology to feelings of place and presence.
The Place Probe
During prior studies it became apparent that using any single method to capture
aspects of place and presence was insufficient. Consequently we began to explore a
variety of methods that would be capable of capturing rich information about places;
from technical aspects through to higher level issues such as meaning and activities.
The result was the development of an en-situ tool known as the ‘Place Probe’ (O’Neill
et al., 2004; McCall et al., 2004a).
Probes have been used in two main contexts. Cultural probes (Gaver, 1999) for the
capture of rich data about the context in which a technology was being used, or where
it was likely to be used. The probes were not intended to simply elicit some objective
data, they were intended to provoke responses. In a similar vein Technology probes
(Westerlund, Lindquist, & Sundblad, 2001) have been used particularly in the domestic
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setting to explore new uses of technologies. The probe which they developed used
methods that were intended to inform the design of a prototype system which would
provide a common interface where different generations within a family could
communicate, even if they were are at different physical locations. They used probes to
capture information about the nature of communications between family members. The
probes contained a communication diary, notebook, two disposable cameras, address
envelopes and a pen. Other probes have been used by (Eggen et al., 2002) and by
Baillie (Baillie et al., 2002).
The probe reported here differed in that it was designed to capture experiences at a
specific point in time or a particular place rather than over an extended period of time.
Drawing on the experiences of the previous empirical studies our place probe included
several key elements; a visitors book, sketch maps, semantic differentials and a six
word summary. Earlier experiences of the probe found that it was capable of identifying
a rich range of data about real and virtual places, in particular attributes which were
relevant to exploring the concepts behind responsive environments.
The place probe is completed by each participant after they have completed a
relevant part of the study, for example after they have experienced the CAVE or HMD.
The probe takes approximately ten to fifteen minutes to complete and the participants
can request assistance if they are unsure what they must complete for each section.
Part 1: The Visitors Book
Research undertaken by Turner and Turner (2003) has highlighted the written reports
contained in visitor’s books as a source of rich data about place. Indeed such reports
have the advantage that they are often ask open-ended questions e.g. ‘Please tell us
about your experience’ rather than ‘Tell us about the lighting’, hence they do not
prompt people to provide answers on specific topics.
Part 2: Sketch Maps
Sketch maps provide information on the layout and key features of a location. In this
case accuracy of the map is not of prime concern, rather it is the depiction of those
aspects of the place that people remember; for example a tree, building or seating
area. They can also be used to provide additional information such as where people
are standing or their paths through the environment.
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Part 3: Semantic Differentials
Semantic differentials are sets of descriptors of the place on a bi-polar scale. For
example, people are asked to indicate where they would position the place on a scale
of attractive-ugly, big-small, colourful-colourless, noisy-quiet, and so on. Eleven
characteristics have been used (O’Neill et al., 2004). The results presented later do not
include data from this element of the probe. However, a similar instrument was
included in the experiments.
Part 4: Six Words
The final part of the probe asked people to write down six words which best described
their experience of being in a particular place.
Semantic Differentials
A set of semantic differentials which are identical to those found in the place probe
were used. In this instrument participants were asked to rate various features of the
environment (see tables s1-s4 at the end of this paper). The differentials combine
Osgood’s (Ogood, Suci, & Tannenbaum, 1957) semantic differentials and Relph’s three
aspects of place (physical features, activities afforded and affect engendered). For
example people are asked if the environment is attractive or ugly, with the rating
ranging from Very Attractive, through neither (i.e. not attractive or ugly) to Very Ugly.
Prior to each set of differentials a question is provided so that participants will
concentrate on the relevant area. The differentials build on the aspects of place
developer by Relph (Relph, 1976) by adding a section specifically designed to explore
the effects of the mediating technology. The objective of the semantic differentials is to
develop maps of the connotative associations people have with certain words and the
environment, which in turn allows the abstraction of information on their feelings
towards it.
Semi structured Interview
The semi-structured interviews were conducted within a relaxed framework, which
allowed for the retrieval of both general and focused qualitative information. Five
questions were formulated before the interview (see
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Table 1 : Interview questions) with some random questions materialising during the
interview. All the questions were discussed in an informal manner with the interviews
lasting between ten and twenty minutes. The first question is an open-ended question
while the preceding questions are more specific. The method of questioning was quite
flexible and each question was designed and phrased to probe for relevant details.
Each participant experienced the virtual technical museum, either through the HMD or
the CAVE and each interview was recorded using a DAT recorder.

1. Can you tell me your general feeling and thoughts on your
experience in the VR environment?
2. Did anything in the environment trigger your curiosity?
3. Was there anything odd or unusual in the environment?
4. Where did you think you were?
5. What did you think you were doing there?
Table 1 : Interview questions.

MEC Spatial Presence Questionnaire
The MEC questionnaire (Vorderer et al., 2000) is designed to measure the
experience of spatial presence. The questionnaire is derived from a solid theory of
spatial presence and is divided into a number of different sections:
• Attention allocation.
• Spatial situation model.
• Spatial presence: a) self location, b) possible actions.
• Higher cognitive involvement.
• Suspension of disbelief.
• Domain specific interest.
• Visual spatial imagery.
It is designed for immediate use after media exposure and the scoring system
consists of a five point scale. Depending on the requirements of the study, the
questionnaire can contain 8,6 or 4 items per section. Data from studies conducted
during the development of MEC pointed to the 4 item set being suitable for our work
and it was chosen for use throughout both experiments. A list of the questions used in
this study can be found at the end of this paper in tables M1-M7.
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Distance Estimate Test
For an environment to be responsive its users must feel as if they have the ability to
move around and interact with objects in their personal and action spaces. An action
space is usually categorised as a distance of greater than arms length (which is
personal space) but less than 30 metres (Loomis & Knapp, 2003). In the box world
environment chosen for this study all objects existed within the action space.
Prior work on distance estimates within virtual environments has found that users of
HMD’s typically underestimate distance relative to the real environment, with the
display being the problem area not the weight of the HMD (Willemsen, Colton, CreemRegehr, & Thompson, 2004). However image quality or realism was found not to have
any significant impact (Thompson, Willemsen, Gooch, Creem-Regehr, Loomis, & Beall,
2004). Other aspects such as depth cues play a critical role, and in the BENOGO
technology some issues remain such as the lack of horizontal occlusion or reflections.
Early experiences of the BENOGO technology and the different arenas suggested
there may be a variation in the feeling of being able to touch objects. Furthermore
anecdotal evidence pointed to objects in the CAVE feeling further away, hence
reducing the feeling of being able to act within the space. Consequently the focus of
this part of the study was on how estimation of distance changes between each arena.
Moreover the augmented barrier became an additional aspect to explore as it was built
specifically to make participants feel as if there were less actions available.
In order to conduct this study a box world was used (see figures 2a & 2b) where the
exact distances to the specified points were already known. The box world was chosen
as at the time of the study it offered the highest resolution available and the distances
were known. The participant experiences the environment from the perspective of the
camera (see the black spot marked camera in figure 3), giving then an egocentric view
of the space. In this study the focus was on exploring distance measures within the
action space of the user. It should be noted however that the objective of exploring the
distance measurements is to compare the different arenas (CAVE vs. HMD) and the
effect of adding the barrier, rather than to compare them to the actual distances.
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Fig. 3: Box World Map. The black dot indicates the position of the user, each
coloured block represents a point they were asked to measure.

Prior to being asked for distance measures of the virtual environment, each
participant was asked to estimate a relative distance of something in the real
environment and for their own height. On entering the virtual world they were asked
how they felt relative to their normal height. The distance estimates explored feelings of
absolute distance (i.e. from themselves to a given point) and relative distance (i.e
between two points), the questions are outlined below:
1. How tall are you?
2. Relative to your normal height do you feel short, tall or normal in the scene?
3. Which box is nearest you?
4. Which box is furthest away?
5. What is the distance of the blue box?
6. What is the distance of the far green box?
7. What is the distance between the two red boxes?
8. Facing the near green box, what is the width of the room?
9. Facing the blue box what is the length of the room?
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Procedure
The experiments were conducted during a two day workshop at Aalborg University,
Denmark. Two sets of experiments were conducted on consecutive days using
different sets of participants and varying methods as described in Table 3. They are not
intended to be comparative studies but instead are intended to explore the use of
different methods and to capture as diverse and large a set of data as possible.

CAVE

HMD

Experiment 1
Museum:
With Vs Without Barrier
(Semantic differentials, MEC)
Box world: distance estimates
With Vs Without Barrier
Museum:
With Vs Without Barrier
(Semantic differentials, MEC)
Box world: distance estimates
With Vs Without Barrier

Experiment 2
Museum:
No Augmentation
(MEC, Place probe,
Semi-structured
Interview)
Museum:
No Augmentation
(MEC, Place probe,
Semi-structured
Interview)

Table 2: Structure of the studies carried out during the workshop.

Experiment 1 was conducted with another team of researchers who were interested
in exploring sound augmentations. Due to the number and nature of tests being
conducted during experiment 1 it was felt that participants may get bored if they were
asked to complete the place probe on several occasions. Hence the experiment used
only the semantic differentials element of the place probe. The MEC questionnaire was
used during both experiments simply to allow for maximum data collection.
On being assigned to an arena the participants were then informed of the structure of
the test, the range of environments and that they would be asked to complete a series
of questionnaires. The order in which participants experienced the environments and
barrier conditions was chosen at random. After each of the museum test conditions
they were asked to complete a MEC questionnaire and set of semantic differentials
(from the place probe). Prior to starting the box world tests the participants were asked
to provide a distance estimate of an aspect of the real environment. After the initial test
they asked to complete the two augmentation conditions, after which they were asked
to provide a series of distance estimates.
Experiment 2 was intended to compare the difference in sense of place and presence
when comparing the CAVE and HMD. For this the only variable which was changed

48

R. McCall & al.

was the arena. This resulted in there being more time available for each participant
once they had completed the task. Hence they were encouraged to complete the Place
Probe, MEC questionnaire and take part in a short semi-structured interview.
There were no complex tasks involved in any of the test conditions, hence it was felt
that only basic instruction on how to use in the CAVE or HMD should be provided.
These included telling people that they could move around or adjust the positioning of
the HMD.
Participants
A total of 28 subjects took part in the study, for the most part they were students and
staff from Aalborg University and ranged from those in computing to those from an Arts
and Social Sciences background. During experiment 1, 10 males and 4 females took
part. While during experiment 2, the group consisted of 7 females and 7 males.
Statistics Used
The nature of the study resulted in only a small number of participants experiencing
each condition and as a result the data was not always normally distributed.
Accordingly non-parametric statistics were used to permit comparison between the
different data sets. The primary statistic used was the Mann-Whitney u-test which
allows for comparison of two data sets in order to ascertain whether there is a genuine
statistically significant variation in the data. The confidence interval used was set at
95% which translates into their being less than a 5% chance of the result being due to
a random factor (p<=0.05). Therefore where the data indicates p=0.03 this indicates
the result has a 3% chance of being due to a random factor.
Results
The results presented focus on the order in which the studies were conducted (see
the experiment breakdown in table 1), and the data capture method used. The
semantic differentials and distance measures apply only to the studies carried out as
part of experiment 1. Data from the MEC spatial presence questionnaire covers
findings from both experiments. Data from the place probe applies to studies carried
out during experiment 2 only. The results do not report the findings from the semantic
differentials component of the place probe during experiment 2.
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Semantic Differentials (Experiment 1)
The full list of attributes of the various measures used are presented in Appendix 1.
However, there were few statistically significant differences when comparing the
different arenas and barrier settings which may be due to the small sample size
(approximately 6) and the course nature of the questionnaire. Data is presented where
it is most relevant. Where statistics are reported they relate to a confidence interval of
95% or p<0.05.
HMD: adding an augmentation made the environment feel:
• Bigger (p=0.0023)
• More permanent (p=0.0027)
CAVE: adding an augmentation made the images in the environment feel:
• Grainy (p=0.0329)
When comparing the effect of adding augmentations to both arenas:
• The objects in the HMD felt more touchable (p=0.0051)
When both arenas did not contain augmentations
• Images in the CAVE were less believable (p=0.0165)
• Images in the CAVE felt slower (p=0.011)
• CAVE made users feel less free (p=0.0301)
• CAVE made the environment feel bigger (p=0.0026)
• CAVE made the environment feel more permanent (p=0.009)
• CAVE made the environment feel less responsive (p=0.004)
A further analysis using correlations was carried out in order to ascertain the links
between semantic differentials. In the information presented later in this section the
words such as ‘meaningful’ relate to an individual semantic differential (see appendix
1). Although the correlations suggest links between the semantic differentials they
should not be taken to indicate causality, instead they should be viewed as areas of
future study.
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On exploring the correlations it was found that how ‘meaningful’, ‘interesting’,
‘exciting’ and ‘memorable’ the environment was, depended to large degree on the
overall image quality, with ‘meaningfulness’ being correlated to ‘realism’ and ‘nearness’
of objects. ‘Accuracy’ correlated with ‘believability’, which affected the feeling of
‘orientation’, with ‘orientation’ being correlated to the ‘colourfulness’ and ‘lightness’ of
the scene. As a result ‘accuracy’ is related to the ‘colour’ and consistency of images
when a person moves.
The CAVE and HMD both present the scenes in different ways with objects in the
CAVE appearing further away. The perception of distance and the ability to touch
objects appears important in making the environment feel responsive to the needs of
the users. Further examination of the correlations found that the perceived ability to
touch objects has a direct impact on the sense of ‘mobility’, ‘freedom’ and ‘activity’.
The sense of being inside the environment was positively correlated to the perceived
ability to ‘touch’ objects, the ‘lightness’ of the scene (arena) and how ‘beautiful’ the
environment felt. ‘Beautiful’ correlated with feeling of being ‘oriented’ and the
environment feeling ‘full’ rather than ‘empty’. In turn ‘fullness’ of the space was directly
related to ‘realism’, ‘accuracy’ and how ‘believable’ the environment felt. The sense of
scale (or ‘bigness’) of the environment had a direct impact upon how ‘meaningful’,
‘memorable’ and ‘interesting’ the scene was.
Distance Measures (Experiment 1)
The distance measures have been calculated for both arenas and augmentation
settings, the sample groups are approximately 6 or 7 for each condition. The table
headings refer to the objects in the distance estimate tests (see table 3), with the blue
box [A], green box [B], W & L room relate to the width and length of the virtual room
and between is the difference between dark boxes C & D. Correct is the measured
distance of the objects or distances from the standing point in the real world equivalent
of the virtual environment. A map of the blocks used in the study can be found in figure
3.
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Absolute Distances

CAVE
Barrier

Relative Distances
Between
Blue Box Green Box W Room L Room Objects
Actual 100
433
782
658
115
Mean
113.33 558.33
950.00 950.00 250.00
Median 90.00
500.00
850.00 800.00 200.00
St Dev 51.25
307.27
339.12 388.59 173.20

CAVE

Mean
126.00
Median 100.00
St Dev 48.79

HMD
Barrier

HMD

560.00
500.00
304.96

900.00
800.00
353.55

186.00
200.00
21.90

Blue Box Green Box W Room
Mean
66.67
358.33
641.67
Median 60.00
350.00
700.00
St Dev 19.66
91.74
185.52

L Room
783.33
800.00
213.70

Between
250.00
250.00
70.71

Mean
48.78
Median 60.00
St Dev 25.43

599.01
783.33
333.79

190.24
250.00
103.51

266.69
350.00
151.57

920.00
900.00
349.28

509.06
641.67
281.71

Table 3: Comparative distance estimates for the CAVE and HMD, with and
without the barrier.

Fig. 4a: Median distance measures for blue box task.
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Fig. 4b: Median distance measures for the green box task.

The results in table 3 indicate that people thought the distances for the location of
objects and room dimensions were larger within the CAVE than the HMD, this applied
irrespective of whether the barrier was present (see figures 4a&b and 5a&b). However
there were no such variations when comparing between object distances. At this stage
these findings are only indicative as the only statistically significant result related to the
distance of the blue box; many others came close to being significant and hence
warrant further investigation. However we found no link between object distance
estimates and the presence of the barrier (see figure 6).
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Fig. 5a: Comparing median length of room measurements task.

The absolute distance estimates of blocks in the CAVE and HMD varied substantially,
but were not statistically significant. At this stage it is possible to speculate that for the
distances of objects people consistently underestimated them in the HMD, and were
approximately accurate or over estimating them in CAVE. With the distance estimates
in the HMD increasing when an augmentation is added. There was also a consistent
overestimation of room size in the CAVE, and underestimation in the HMD.
Interestingly though the between objects score for both environments appeared to be
consistent and more accurate in the CAVE.
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Fig. 5b: Comparing median width of room measures.

Fig. 6: A graph illustrating the median between objects distances.

The data partially confirms some findings from prior work (Willemsen et al., 2004) that
people consistently underestimate distances in HMD’s. However it also points to some
variations, in particular with absolute distance measures when comparing the CAVE
and HMD.
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MEC Spatial Presence Questionnaire (Experiments 1 & 2)

Fig. 7: A chart comparing the results from the MEC questionnaire in the
HMD. (A) Attention allocation (B) Spatial Situation model (C) Spatial
Presence: Self location (D) Spatial Presence: Possible Actions (E) Higher
cognitive involvement (F) Suspension of Disbelief (G) Domain Specific
Interest (H) Visual Spatial Imagery.

The data from the HMD study (see figure 7) without the barrier shows a high average
score for spatial presence (self location, C, scoring 3.958 and possible actions, D,
scoring 3.499). The level of participants’ attentiveness is quite high (A, score of 4.458)
and as is the spatial situation model (B, 4.12). The participants’ ability to suspend
disbelief is average as is their cognitive involvement and ability to visualise the space.
The participants’ interest in the environment is low. On adding the barrier there appears
to be a drop in the scores for spatial situation model, spatial presence (self location),
cognitive involvement and suspension of disbelief but an increase in domain specific
interest and visual spatial imagery.
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Fig. 8: MEC data when comparing the CAVE with and without the barrier.

There are similar trends in the data when exploring the effect of adding the barrier to
the CAVE condition (see figure 8); with the only difference being the level of domain
specific interest which marginally increases when the barrier is added to the CAVE.
Also on a quick examination of the data the drop in scores when the barrier is added to
the CAVE is much higher than in the HMD condition. One very interesting finding is that
the scope for possible actions drops substantially when the barrier is added.
On comparing the arenas without the barrier the results are somewhat mixed (figure
9). Interestingly though the HMD performs better with respect to spatial situation,
spatial presence (self location and possible actions). With the CAVE appearing only to
materially enhance aspects such as cognitive involvement, domain specific interest and
visual spatial imagery.

The scores for the CAVE for attention allocation, spatial

presence (self location and possible actions) are much lower than for the HMD.
However the barrier (see figure 10) appears to make little effect on issues such as
spatial situation, domain specific interest and visual spatial imagery.
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Fig. 9: MEC data when comparing the HMD and CAVE without the barrier.

Fig. 10: MEC data comparing the HMD and CAVE with the barrier.

Place Probe: Descriptions and Keywords (Experiment 2)
The place probe was given to fourteen participants after they experienced the virtual
technical museum (HMD=6, CAVE=8). The following are the overall key themes from
the data from both arenas obtained from the descriptive section (visitors book) and six
words of the probe:
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•

Restrictiveness

•

Size

•

Oldness

•

Strangeness

•

Fun

•

Impressiveness

•

Emptiness

•

Negative feelings

•

Physical objects

•

Technology

The action space of both arenas was restricted and this recurring theme emerged
from the data leading to the participants feeling disappointed as their ability to explore
the environment was curtailed.
• ‘I missed that I couldn’t move around.’ (Female, 28, CAVE)
• ‘I would have liked to see more of the museum, not just turn around and see
the things placed in a circle around me.’ (Female, 30, HMD)
• ‘Better movement capabilities would take the experience to a higher level.’
(Female, 47,HMD)
• ‘The restriction of the movement seemed annoying.’ (Male, 25, CAVE)
Legibility and visual appropriateness remained a problem within both arenas, with
more technical problems being noted in the CAVE. This was highlighted by words such
as ‘stereo’, ‘real’, ‘VR’, ‘science fiction’ and ‘technic’ being used to refer to the CAVE,
while these terms were not used with respect to the HMD.
• ‘Impressive stereo – effect though the resolution leaves something to be
desired.’ (Male, 25, CAVE)
• ‘Also when looking down the image and the experience was pretty bad.’ (Male,
32, CAVE)
• ‘I had a problem with errors.’ (Female, 28, CAVE)
Physical objects were noted from both experiences i.e. trains, planes , cars, bikes,
railing, ceiling, balcony (the planes were noted 10 times, motorbikes were noticed 4
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times, bikes were noted 3 times, trains were noted 4 times, railing were noted 3 times).
However, problems with resolution meant that legibility was a problem with participants
being able to see objects yet not able to identify them.
• ‘I found it quite hard to actually see things clearly at all times.’ (Female,
25, CAVE)
• ‘I tried to read the information in the museum.’ (Female, 47, HMD)
In both arenas they got the sense of the size of the room, with words like large, huge,
big, and great used to describe experiences. In the CAVE the word ‘large’ tended to be
used more while in the HMD they used the word ‘big’.
From both arenas, the feelings that were emerging varied from scary, spooky to an
interesting, nice and very good experience. People in both, found it scary because they
felt if they moved too far, they would fall down while a person in the HMD also felt
spooked because it was so realistic they could ‘almost smell the dust and oil from the
old machines’.
Participants in both arenas described it as a nice and good experience. Words like
‘old’, ‘history’ and ‘vintage’ were used to describe the environment. The words ‘vintage’
and ‘old’ being used more in the CAVE while the words ‘vintage’ and ‘historical’ being
used in the HMD arena. People in the CAVE arena got more of a strange, surreal,
confused, curious feeling while those in the HMD got more of a mysterious feeling.
People in both mentioned it was fun and a person in the CAVE described it as an
‘interesting’ experience while those in the HMD described it as an ‘exciting’ experience.
The CAVE experience was noted as being dark and was described as empty,
deserted, scary and bad while the HMD was described as boring, melancholy and
silent. Nevertheless, people in both arenas have started to make certain connections
with the environment and the real world. For example, in the CAVE arena, they
described the experience like being inside a ship or inside a computer game while in
the HMD it was more like the feeling of being back in the twenties/thirties.
• ‘It sounded like the inside of a ship.’ (Female, 38, CAVE)
• ‘I had the impression of being inside a computer game.’ (Female, 25, CAVE)
• ‘I had the feeling of being back in the twenties/thirties.’ (Female, 24,HMD)
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Place Probe: Sketch Maps (Experiment 2)
The sketch map section of the probe provided some interesting information about
what people considered to be the most salient aspects of the environment they
encountered. In both the HMD and the CAVE participants identified the same kinds of
objects, the most common of which were:
• Motorbikes
• Planes
• Trains
• Cars
• Hanging planes
Individual preferences revealed examples of specific objects such as the ‘gold motor
bike’ or ‘the yellow plane’ but none of these were common across participants or
environments.
The tables 4 & 5 illustrate the specific counts for map goodness, objects, total position
of objects and the position of the most significant objects. They also show the position
ratios of all objects and significant objects.

No

Goodness

8
9
10
11
12
13

2
1
1
1
1
3

Object
Count
7
9
4
4
3
22

Total
Position
4
4
4
0
1
22

Significant
Position
4
4
2
0
1
5

Table 4: HMD with 6 participants.
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All Pos
Ratio
0.13
0.13
0.13
0
0.03
0.73

Sig Pos
Ratio
0.8
0.8
0.4
0
0.2
1
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No

Goodness

Object
Count

Total
Position

Significant
Position

All Pos
Ratio

8
9
10
11
12
13
14
15

2
2
2
3
3
1
2
3

5
5
3
28
11
7
10
14

4
4
0
28
11
5
8
14

3
4
0
5
4
3
2
5

0.13
0.13
0
0.93
0.36
0.17
0.27
0.47

Sig
Pos
Ratio
0.6
0.8
0
1
0.8
0.6
0.4
1

Table 5: HMD with 6 participants.

According to Billinghurst and Weghorst, (1995) an ANOVA must be conducted across
the significant position ratio of all the maps in each world and over the All position ratio.
Significant ratio produces results regarding how well oriented participants were in both
environments, whereas all position ratio identifies if either of the worlds had more
clearly identifiable landmarks. However the lack of participant numbers in these tests
meant that using an ANOVA is not very reliable.
Mann-Whitney tests were used instead to look for significant differences between
both all position and significant position ratios. The test results suggest that there are
no significant difference between the two versions of the worlds.
We also compared the object count and Map Goodness scores across the worlds.
Billinghurst and Weghorst, (1995) suggest that these aspects of data only be used to
compare across maps of the same environment. While we were comparing across two
different arenas we felt that the environment was rendered using the same images and
experienced spatially in largely the same way according to the lack of significant
differences in the ratio tests. Therefore we felt that it might be relevant to compare map
goodness and object count statistics.
In employing statistical analysis to look for differences between the data, nothing was
found to distinguish between the two different groups of maps. The data from the
sketch maps appears to show that the level of cognitive mapping is indistinguishable
between both the HMD and CAVE.
Semi structured Interview (Experiment 2)
Data from the semi-structured interviews covers experiment 2 only, i.e. the CAVE or
HMD without the augmented barrier. The findings from the semi structured interviews
show that even though many of the participants got a ‘sense of the place’ in both
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arenas, they still were not achieving a strong ‘sense of presence’. Many participants
could identify the place as a museum and recognise the objects:
• ‘I thought it looked real, it was …I got the feeling it was a museum… Oh it was
the way it was …the things were planted in the room with signs (Female,28,
CAVE)
• ‘Ya I had the feeling it was a large room and I could identify the main objects in
it …(Female ,35, HMD)
• ‘It was like a tech museum, ya there was sights of aeroplanes, bicycles and
transportation.’ (Female ,38, CAVE)
• ‘‘I really felt I was standing in a room and looking at this old museum.
‘(Female, 21,HMD)
Despite the positive comments made by the participants they were not experiencing a
true complete sense of being there. This lack of being there can be attribute to the
breaks which they experience in the sense of place (such as feeling as if they were in a
movie) and technical aspects (such as occasional blackness) as outlined below:
• ‘… but I don’t think I got the feeling I was there I was kinda of looking into it
so… It was kinda like being in the environment …ya I would describe it like
…Kinda like looking into the movie about it ’ (Female,28, CAVE)
• ‘It was quite real and then again it felt like I was inside a computer game’
(Female, 38, CAVE)
• It was quite a sensation it really felt like being there …well until you turn the
other side or went out of the sensory frame’ (Male,25, CAVE)
While the content of both arenas visually engaged the participants, they felt
disappointed in that although they could see paths and other objects they restricted
movement range prevented them from doing so. This is outlined in the comments
below:
• “But the …I felt there was some restrictions in the movement because you
couldn’t move out very much,” (Male,32, CAVE)
• “I could look over the fence but of course I was limited in the …I think it was a
metre /a square metre where I could move around” (Male,25, HMD)
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• “I also felt restricted, I felt I couldn’t walk very far and if I turned too much it
would go black” (Male, 25, CAVE)
Problems also arose in relation to visual appropriateness and legibility, namely that
although participants could identify objectives such as hanging planes, motorbikes,
vintage cars, it was not possible to find out more about the exhibits. For example signs
and pictures on the wall were difficult to read, this would often result in people suddenly
becoming accurately aware of the technical issues and hence detecting the medium.
Some examples are provided below:
• “The things were planted in the room with the signs …I tried to see if I could
read one but…” (Female, 28, CAVE)
• “I would have been much more satisfied if I could have got closer to see more
specific details. Ok” (Female, 30, HMD)
• “And there was some text but it was unreadable but I could easily identify the
object ….I could easily identify planes and cars” (Male,25, CAVE)
Discussion
The premise of this paper is that an environment which is responsive to the needs of
its users will exhibit a stronger sense of place than those that are not responsive. This
is primarily based around the idea that many aspects of responsive environments are
critical to models of place. For example activities play a key role within a sense of place
and the responsiveness of an environment. Hence if a virtual environment adequately
provides relevant cues (such as people, paths and forms) it should lead to more
activities being available to users and hence a heightened sense of place. Moreover,
by drawing the users’ attention away from technical issues or limitations it is suggested
that the sense of presence will also increase as people are focussing on the content
not the medium. To this end the discussion will examine how the virtual environments
used in this study respond to the needs of their users and ultimately shape their sense
of place and presence.
Comparing Arenas
In general the participants found the CAVE less responsive than the HMD. This may
initially be due to the lack of permeability; the ability to move around an environment
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and for the movement channels to be clearly visible. In terms of the study presented
here the semantic differentials point to movement being related to the ability to touch,
and senses of freedom, mobility and activity. Taking these as a starting point both
arenas do not compare well to the real equivalent as movement is restricted thus
reducing the ability to touch objects, as well as freedom and mobility. Data from the
interviews and probe back this up with participants indicating they found movement
restrictive through comments like “you couldn't move around very much” and “the
restriction on movement seemed annoying”. In addition, people felt they could move
around less in the CAVE, this was noted in both the MEC questionnaire and semantic
differentials.
Variety is the range of activities, people and forms which exist within an environment.
In the context of the study here it would be expected that the real version would afford
more variety when compared to its virtual counterpart. On closer examination there are
variations between arenas, for example the semantic differentials indicate there is a
link between the feeling of being inside the environment, and how the ability to
undertake activities is related to nearness and ability to touch objects. Additionally the
CAVE seems bigger, thus reducing the nearness, ‘touchability’ of objects and the
feeling of being inside. The sense of things being further away from the participant is
reinforced in the CAVE by the increased estimates of distance. Further evidence can
be found within the interviews with one person saying the CAVE made them feel like
they were in a movie, which implies they are passive and not active within the scene.
Another participant commented on trying to touch the railing to prevent falling within the
HMD. This connection between touch and objects in the scene was not prevalent within
the CAVE. The perceived inability to carry out even basic tasks such as holding the
railing may be due to the increased sense of scale within the CAVE which in turn may
provide an indication as to why objects felt less touchable. The MEC spatial presence
data confirmed the feeling that there seemed more scope for activities within the HMD
than in the CAVE. At this stage there appears to be no difference in the sense of
variety when related to forms and other people, this may be due to the same images
being used in both arenas.
A robust environment is one which affords many uses through small or simple
changes, such as moving furniture or through temporal and social changes. As this is
also related to the ability to make changes it will be discussed alongside the ability to
personalise the environment. In this study neither arena offered the participants the
ability to customise any part of the environment. Moreover, there was no social
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interaction, which may have brought about a change of use or temporal changes
(except for sound cues). Aspects discussed earlier such as the lack of ability to touch
objects clearly have an effect on robustness, however beyond the issues already
discussed it is not possible to make meaningful comparisons between the arenas.
We would contend that the change in aspects such as variety and permeability
between arenas has an effect on sense of place. For example there were variations in
the descriptive attributes of the place probe and semantic differentials, to the extent
that the same environment appeared to have different meanings between the two
arenas. For example in the HMD people commented on it making them think of the
20’s and 30’s whereas the CAVE felt like a ship. There were also variations the nature
of descriptions with more technical aspects predominating from those using the CAVE.
Furthermore the levels of spatial presence (self location and possible actions) (columns
C & D, figures (9 &10) were lower for the CAVE than the HMD.
Comparing Augmentations (The Barrier)
The barrier appears to have had some effect on place and presence but not as much
as the choice of arena. There was some indication that the barrier caused people to
feel the CAVE was more grainy, possibly leading to problems with visual
appropriateness and legibility. The barrier also lowered the degree of spatial presence.
Anecdotal evidence would point to this being caused by the different light intensities
and resolution of the augmentation in comparison to the rest of the scene. Adding the
barrier to the CAVE had by far the largest impact, with the MEC scores for spatial
presence (possible actions and self location) and attention allocation falling
substantially. The drop in the score for possible actions appears to confirm the theory
that the barrier reduces the scope for actions but the affect on attention allocation
requires more research.
General Findings
From the perspective of real environments visual appropriateness and legibility are
how the appearance of the environment helps people identify its uses. There were
clear issues with image quality which had a direct impact on the ability to read signs or
gain more information from other content. Within the probe data the issue of resolution
in the CAVE (legibility) was noted by a number of participants, and seemingly on a
more regular basis than for the HMD. However for both environments the lack of
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resolution made it difficult to read signs and hence gain a greater understanding about
the content of the exhibition.
For both environments if people experienced a sense of place, this was exhibited in
the data found in the structured interviews and many aspects of the place probe. It was
frequently noted that people felt they were in a museum, with the main negative points
being they felt they were in a computer game and that the screen resolution wasn't
always very high. These combined with the general awareness of other technical
issues would point to people being distracted by the medium.
Conclusion
The studies presented in this paper have looked at the effect of changing arena and
adding the graphical augmentation of a barrier to two virtual environments, a technical
museum and a box world. Further work is required for example in exploring the
correlations within the semantic differentials and improving the sensitivity of the
measuring techniques. There is also a need to further refine how the concept of
responsive environments can be used to evaluate virtual environments, and the links to
place and presence.
In contrast to anecdotal evidence the CAVE did not provide the heightened sense of
presence or place that we would have expected. This is especially surprising given that
we would expect its immersive nature to have improved both areas. While this in part
can be put down to basic technical limitations, such as the different size of pixels and
lightness much of the findings can be explained in terms of the lack of how the
properties map onto responsive environments. One of the major reasons being that the
environment felt more distant and hence less easy to touch. The other problem area for
all arenas being the implied range of movement options (paths) when in fact none were
available. Both of these had the effect of implying more opportunities for movement
and activities than actually existed.
The findings point to the choice of arena being an important factor in the sense of
place and presence, primarily on account of the increased sense of size which people
experienced in the CAVE. This points to the need to carefully consider the nature of the
tasks which are likely to be undertaken in the environment and the importance of
accurate distance measures. A core aspect of the expected sense of place is the ability
to touch items and hence the HMD would appear to offer a better solution.
The idea of responsive environments provides a clearer method of looking for specific
features within an environment and how they impact upon the sense of place, in
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particular aspects such as paths, activities and legibility. It clearly does not cover all
aspects of the place experience but does provide a useful framework upon which
arenas and environments can be explored.
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Appendix 1
Semantic Differentials Tables
1 Technology differential (for virtual environments only)

Did the images that were displayed seem?
Very
Quite Neither
Grainy
Realistic
Unbelievable
Distorted

Quite

Very
Clear
Unrealistic
Believable
Accurate

Table S1: Differentials relating to image quality

Did the movement of the images seem?
Very
Quite
Neither
Smooth
Broken
Slow
Consistent

Quite

Very
Jerky
Unbroken
Fast
Erratic

Table S2: Differentials relating to how images behaved when moving

2 Activity differential

Did you feel that you were?
Very
Quite
Passive
Free
Disorientated
Inside
Mobile

Neither

Quite

Very
Active
Restricted
Oriented
Outside
Immobile

Table S3: Differentials relating to user activities
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3 Space differential

Did you feel that the environment was?
Very
Quite Neither
Small
Empty
Light
Enclosed
Permanent
Colourless
Static
Responsive
Far
Untouchable

Quite

Very
Big
Full
Dark
Open
Temporary
Colourful
Moving
Inert
Near
Touchable

Table S4: Differential relating to the sense of space

4 Affective/Meanings differential

Did you feel that the environment was?
Very
Quite Neither
Ugly
Pleasant
Stressful
Harmful
Exciting
Interesting
Memorable
Meaningful
Confusing
Significant

Quite

Very
Beautiful
Unpleasant
Relaxing
Harmless
Boring
Uninteresting
Forgettable
Meaningless
Understandable
Insignificant

Table S5: Differentials relating to meanings and affect

Q1 I devoted my whole attention to the [medium].
Q2 I concentrated on the [medium].
Q3 The [medium] captured my senses.
Q4 I dedicated myself completely to the [medium].
Table M1 MEC: Attention Allocation Questions

Q1 I was able to imagine the arrangement of the spaces presented in the
[medium] very well.
Q2 I had a precise idea of the spatial surroundings presented in the [medium].
Q3 I was able to make a good estimate of the size of the presented space.
Q4 Even now, I still have a concrete mental image of the spatial environment.
Table M2 MEC: Spatial Situation Model (SSM)
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Q1 I felt like I was actually there in the environment of the presentation.
Q2 It was as though my true location had shifted into the environment in the
presentation.
Q3 I felt as though I was physically present in the environment of the
presentation.
Q4 It seemed as though I actually took part in the action of the presentation
Table M3 MEC: Spatial presence: Self Location (SPSL)

Q1 I had the impression that I could be active in the environment of the
presentation.
Q2 I felt like I could move around among the objects in the presentation.
Q3 The objects in the presentation gave me the feeling that I could do things with
them.
Q4 It seemed to me that I could do whatever I wanted in the environment of the
presentation.
Table M4 MEC: Spatial Presence: Possible actions (SPPA)

Q1 I thought most about things having to do with the [medium].
Q2 I thoroughly considered what the things in the presentation had to do with
one another.
Q3 The [medium] presentation activated my thinking.
Q4 I thought about whether the [medium] presentation could be of use to me.
Table M5 MEC: Higher Cognitive Involvement

Q1 I concentrated on whether there were any inconsistencies in the [medium].
Q2 I didn’t really pay attention to the existence of errors or inconsistencies in the
[medium].
Q3 I took a critical viewpoint of the [medium] presentation.
Q4 It was not important for me whether the [medium] contained errors or
contradictions.
Table M6 MEC: Suspension of Disbelief (SoD)

Q1 I am generally interested in the topic of the [medium].
Q2 I have felt a strong affinity to the theme of the [medium] for a long time.
Q3 There was already a fondness in me for the topic of the [medium] before I was
exposed to it.
Q4 I just love to think about the topic of the[medium].
Table M7 MEC: Domain Specific Interest (DSI)
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Q1 When someone shows me a blueprint, I am able to imagine the space easily.
Q2 It’s easy for me to negotiate a space in my mind without actually being there.
Q3 When I read a text, I can usually easily imagine the arrangement of the
objects described.
Q4 When someone describes a space to me, it’s usually very easy for me to
imagine it clearly.
Table M8 MEC: Visual Spatial Imagery (VSI)
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ABSTRACT
This paper discusses the performative boundary between real and virtual spaces, as it
constitutes itself based on the conditions, abilities, and potentials of Virtual Reality (VR). In
addressing specific issues of the users’ embodiment, the authors argue that one of the
greatest challenges of VR is its capability to connect the virtual and the real; a potential that
is considered as fundamentally spatial. The premises and conditions of the production of
such an interfacing space are explored in relation to its underlying generative dynamic
processes, the superimposition of real and virtual places, and their inhabitation. Joining the
fields of interactive art and computer science, the authors’ discussion unfolds based on two
of their collaborative works: the CAVE environment Uzume (2002) and the tele-immersive
installation Maλa–Veil of Illusion (2004).
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1. Introduction
In 1990, when Virtual Reality (VR) technologies were about to venture out of their
isolated development in research laboratories, the media theorist Derrick de Kerckhove
pointed at a fundamental difference between Virtual Reality and all other mediaexperiences. In his view, Virtual Reality exhibits a capability that allows its users to
externalize their imagination in a dynamic process (De Kerckhove, 1999). Given the
advancements of interface and representation capabilities of interactive media in recent
years, however, such an instantaneous, fluid sculpting of our externalized thoughts is
not specific to the medium of VR. What is particular about this medium is that it allows
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us, in Florian Rötzer’s words, “to enter the digitally produced three-dimensional space
with the entire body” (Rötzer, 1995).
The technological interface that affords such a corporeal inhabitation and an
experiential sharing of virtual spaces, referred to in this paper is known as the CAVE®
Virtual Reality System1. Unlike a Head Mounted Display (HMD), the CAVE® consists of
a cube the size of a small room, commonly defined by 4 projection screens, in which
the participants are coupled to the VR system by means of a head sensor, mounted on
a pair of LCD shutter glasses, and two hand sensors. While the projection room can
accommodate 15 people, only one person is tracked and thus actively involved, and all
other visitors experience the virtual world three-dimensionally and yet passively. Two of
the most fundamental characteristics of this system are the human-scale stereoprojection and the adaptation and response of that stereo-imagery in real-time,
according to the present input of the sensors, attached to the participant’s body.
Linking space and time through the participants’ movements, VR technologies can be
considered space-creating media, rather than media which merely represent space.
The key to this creation lies in the implication of the user’s body and its significant role
in the production and the experience of space as it is about to emerge.
Architectural approaches in the early nineties, such as Marcos Novak’s ‘Liquid
Architecture,’ already explored computer generated spaces, seeking the “gradual
substitution of liquid patterns of change for structures of stillness” (Novak, 1997).
Driven by ‘keywords,’ such as behaviours and emergence, these architectures exist
only in the digital domain and evolve in a permanent state of becoming, rather than
aiming for a final form. Yet, there’s more to such dynamic, unfixed spatial pattern than
their programmability, transaction and playfulness (Oosterhuis, 2003). As we are bodily
implicated, real and virtual space are superimposed, creating thus a porous interface
that complicates the denial of physical presence of cyberspace. Rather, here both the
production and the inhabitation involve a constitution of boundaries in-between that
continuously twist, shift, and perforate. It is here, where Posthuman views on bodies
and territories and immersive interface technologies meet the issue of space: as the
unsettled ground is bodily negotiated, the interface between the real and the virtual is
fundamentally spatial.
While the medium of VR may have lost its initial fascination, what is still significant
and unique about the ‘dynamic coupling materialized in VR’ is, according to Mark
Hansen, “the indiscernibility of perception and affection that it brings about” (Hansen,
2004). With respect to this discussion, the technological interface of current Virtual
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Reality systems is considered only a short-lived tool; a tool, or rather, a medium that
nevertheless not only allows but also provokes an exploration of the specificities of the
constitution and negotiation of virtual spaces. Based on two of the authors’ practicebased works, the CAVE® environment Uzume (2002) and the tele-immersive
installation Maλa–Veil of Illusion (2004), the following sections revolve around the
question of space. They examine this central theme from various angles, such as the
relation between space and time, the intertwining of the real and the virtual,
embodiment and bodily spacing, the perforation and crossing of boundaries, and the
multi-inhabitation3 of shared, networked virtual places. In this discourse, virtual
environments don’t represent a predesigned world, but rather constitute the emerging
ground for a space, which primarily unfolds in an experiential process.
2. Uzume: a performative event
Uzume4 was implemented for a one to six wall CAVE® projection system. While many
CAVE® environments present a world, which exceeds the (physical) projection space
and are conventionally navigated through by the means of a joystick, Uzume’s world is
bound to the (physical) boundaries of its projection space that can be bodily ‘occupied’
and thus only explored by the participant’s physical movements.

Fig. 6: The virtual environment Uzume.
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Uzume [Japanese: whirling] is named after a Japanese Shinto goddess, whose myth
tells of her strange dance which lured the sun goddess Amaterasu out of a cave,
where she had hidden herself. Even though the virtual environment does not
thematically refer to this mythological narrative, it likewise presents its visitors with a
strangely playful, whirling behaviour. Immersed in Uzume, an abstract, dynamic and
sensitively responsive environment surrounds the visitor, revealing the communicative
nature of an untameable virtual entity (Figure 1). Communicating with this entity is
similar to pursuing a dialogue without knowing the language of the other as the tension
between responsive and yet unpredictable behaviours perpetually interferes with the
illusion of control. Its dynamic, transforming mirror alludes to the unsuturable gap
between one’s self and a virtual other that evolves beyond the mirror plane.
2.1 Space that unfolds in an experiential process
Space conventionally presents itself as a ground or a container that exists prior to all
subjects, things and actions; it is constrained to such a limited concept primarily in our
imagination and our daily experience as well as in the absolute Cartesian universe.
According to Henri Bergson, space indeed signifies fixity and infinite divisibility and
space is also what we thrust into extensity (Bergson, 1991). Space, however, can also
be thought as eruption, oscillating between event, movement or action and rule,
stillness or inertia, in which we find different zones of quality, difference and
discontinuity. Uzume’s dynamic spacing occurs in a continuous becoming, shaped by
an apparently infinite number of unfinished transitions. Emerging and transforming
along the contours of the moving body, its concept is inspired by Bergson’s notion of
motion that precedes space. Here it “is real motion that deposits space beneath itself”
(Bergson, 1991).
2.2 Four interrelated compositional layers
Uzume's ‘whirling’ appearance is based on spatial representations of the temporal
behaviour of nonlinear, chaotic systems, so called Strange Attractors (Figure 2). Their
parametric fields are spatially mapped around the user’s body, and hence, by
physically moving around inside the projection space and gesturing with their arms, the
participants actually traverse the various chaotic states of the system.
At the same time the participants’ physical exploration subtly transforms a viscous
fluid-like force field, whose force interplay continuously affects the shape of the
attractors’ trajectories. It sensitively reacts to the physical presence of the visitor by
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locally displacing and transforming the chaotic, whirling patterns and adds an almost
tangible quality to the projected virtual world.
The real-time sound-space consists of various discrete voices, whose compositional
parameters are spatially mapped around the user. As the visitor touches the floating
sound objects, different combinations of these voices develop endless variations of
individually modulated, tenuous passages along the traces of the movements.
Uzume’s spatial configurations are choreographed by an additional control layer that
triggers transitions between various attractor types, and assigns initial parametric
settings. Only indirectly influenced, this layer tracks the participants’ movements inside
the CAVE® space over time.

Fig. 2: Uzume’s various strange attractor types.

2.3 A leakage between time and space
The evolving fluid boundaries, Uzume’s whirling lines (trajectories), are drawn by a
succession of points in time (rather than in space) and thus form the dynamic traces of
transitions between endlessly varying chaotic states. These lines, determining the
environment’s spatial expressions, represent the temporal behaviour, rather than
traditionally fixed architectural boundaries such as edges or planes. They unfold a
spatial simultaneity, evolving in a vertical lamination of contemporaneities, rather than
in a horizontal sequence of geometric places. It is an unscripted space, whose
becoming is propelled by its in-betweeness, the always incomplete and continuously
differentiating. Space as we experience it in Uzume appears like a trace, a living trace,
always flowing and yet never forming an encrusted surface; or, in Elizabeth Grosz
words, “neither clearly space nor time but a kind of leakage between the two, the
passage of the one into the other” (Grosz, 2001). It is then not the participants’ bodies
but rather space that becomes a prosthesis, a fluid extension of their movements.
How then are time and space themselves interrelated? In the context of the present,
constituting itself, Jacques Derrida talks of ‘spacing’: “the becoming-space of time or
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the becoming-time of space (temporization)” (Derrida, 1982). In considering the
present, Jean-Luc Nancy’s idea of presence contrasts the continuity of Derrida’s
‘spacing.’ Speaking of contiguity or singularly plural coexistence, Nancy describes a
concept of the in-between that forms in “the interlacing [l’entrecroisement] of strands
whose extremities remain separate even at the very centre of the knot” (Nancy, 2000).
Considering a physical notion of time, in which it as an independent variable, time
becomes the driving force that carves a single path out of an abstract space of infinite
possibilities or possible paths, respectively: space as it is experienced. As we relate
this idea to the concept of the event horizon from the theory of space-time, the arrow of
time is a kind of selecting mechanism that manifests reality out of many possible
realities, constituting the future.
The abstract mathematical space of possibilities, then, serves as a foundation for the
induction of time, out of which ‘tangible’ space emerges and is experienced. In the
applied context of immersive interactive media, the encoded mathematical space of
possibilities shapes perceived and experienced space along the layer of time, in which
the participant enacts the encoded rules of change (dynamic behaviour descriptions).
While in interactive media, such as those found on the web or interactive CD-ROMs,
the user ‘chooses’ at given pre-defined points (links), the field, consisting of discrete
points of decision, dissolves inside of a rule-based design. If the time-behaviour of a
system is inscribed only by rules, which define the dynamics of the system, we are
unable to model a discrete path, carving through the space of possibilities. Rather,
such a system allows only for the defining of continuous trajectories through state
space, which then display the behaviour for one possible instance.
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Fig. 3: One-minute sequence of Uzume’s evolution.
http://www.psychnology.org/Images/gemeinboeck_uzume.mpeg

2.4 Unfolding beyond author-defined interdependencies
When such a rule-based system evolves as unpredictable and irreproducible,
the complexity of its evolution exceeds the imagination of both, the rules’
designers and the participants. Yet it is exactly this open, process-oriented
design that allows the participant to experience the environment beyond the
authors’ predefined interdependencies. The dialogue unfolds in an interplay of
apparent provocations, allure and discoveries, in which relationships between
one’s own gestures and movements and the environment’s responses and
modifications drives the evolution (Figure 3). As the participants are given neither
instructions to follow nor scores to reach, becoming acquainted with the
environment’s otherness is supposed to be intuitive and playful. The dynamic
interrelation of input and response produces a transformative mirror space, in
which users are involved in an oscillatory play: mirroring themselves and
perpetually discovering the unknown other. Playing with Uzume, then, the
exploitation of the dynamics of strange attractors introduces a necessary
openness and yet nevertheless enables the ‘players’ to recognize patterns and
their relationships over time.
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3. Bodily spacing
Inhabiting virtual spaces already challenges the participant on a quite basic level; as
s/he needs to negotiate between the isotropic conditions of the computer-generated
space and the experiential framework of the human, still bound to horizontal and
vertical. In the process of negotiating, experience, body and space are inseparably
coupled. From this kind of an experiential viewpoint there is no such thing as
disembodied space, or as Lars Spybroek points out, “one can really only talk about
“space” as a result of an experiential body timing its actions” (Spybroek, 1998).
Considering space in relation to experience as a dynamically evolving passage, also
constitutes the framework of embodiment that, according to Katherine Hayles, “always
is contextual, enmeshed within the specifics of place, time, physiology and culture,
which together compose enactment” (Hayles, 1999).
If, according to Mark Hansen, “time can be intuited only through direct experience, or
alternatively, through the spacing of the body itself” (Hansen, 2004), it is this
continuous spacing that not only couples but also implicates the participant and
constitutes the perceived ‘real.’ It is then, as Hansen calls it, ‘the body’s affective
autopoietic dimension – its capacity for absolute spacing,’ based upon which “aesthetic
experimentations in VR” (Hansen, 2004), accounts for a rearticulation of the boundary
between matter (body) and information.
3.1 Real and virtual space superimposed
Merleau-Ponty’s body-subject becomes the entre-deux that inseparably intertwines
the experience of mind and body and whose relational condition corresponds to a
concept of space and time that is corporeally constituted (Vasseleu, 1998). Based on
Merleau-Ponty's notion, which Ruth Rettie (2005) discusses in detail with regard to
presence, embodiment is an essential condition for the formation of the context that
enables relations between our selves and others. It also forms the context within which
we relate to our surroundings and within which we can extend our selves. The visitor's
embodiment then allows for the sensors to connect the self to a virtual space that, in
Uzume, constitutes itself in response to the movements of our bodies (Gemeinboeck,
2004).
Our body becomes the interface between these two spaces, the real and the virtual,
based on whose exploration, movement and performance we produce knowledge and
provoke space. While a sense of immersion beyond the constraints of our body and its
physical location is at the heart of VR technology, it, likewise, aims for a sensation of
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presence in a mediated sensory environment. It does not matter whether presence is
seen as beyond or within, both can only be achieved by sensorially extending and
coupling our body to the technological interface. The disavowal of the corporeal is thus
one of the greatest illusions ever evoked by Virtual Reality. The desire to abandon our
physical and thus bodily boundaries arises from the Cartesian division of mind and
body, and thus also of space. Cyberspace and its non-physicality has thus become a
controversial field, legitimizing a determined control over the body’s messy and noisy
conditions.
According to Cathryn Vasseleu, however, we can only experience virtual space or a
sense of ‘disembodied agency,’ precisely because we are embodied: “The aims of
many who are investigating virtual environments are being directed toward the
legitimation of fantasies of disembodied mastery and eradicated corporeal limits.” And
yet this fantasy is bound to the very bodies it excludes (Vasseleu, 1994). The context of
embodiment also implicates the issues of cultural identity and inscription; it is a lived
context, whose inevitable and inescapable cultural, social, historical, gendered, and
technological specificities always render the body multiple and unfinished. Both,
Uzume and Maλa, to be discussed in the following sections, are concerned with the
perforation of boundaries as it involves our body and hence its determination as “a
negotiable territory” (Vasseleu, 1994).
4. The transformation of the real
The computer’s capacity to store information has rendered time independent in that it
is no longer intrinsically bound to the realm of the material subject to decay. Yet the
medium proves not only capable of storing information but also of applying
mechanisms that manipulate, change and extend its content. From this point of view,
the computer presents the complexity of an environment or a world, rather than being a
(transmission) medium in a conventional sense. It allows numerous people to
participate, enter and to leave its access points at will and, given that electricity is
provided, the informational world also exists and evolves, if so programmed,
independently. The virtual environment Maλa-Veil of Illusion2 strongly addresses this
‘world’s’ potential to transform what is given based on an underlying self-evolving,
independently interpreting system.
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Fig. 4: Maλa-Veil of Illusion: both sides (sites) of the veil are presented above (gold
corresponds to the local participant's convex imprint, blue to the remote
participant's concave impression).

5. Spacing a passage: Maλa-Veil of Illusion
In contrast to Uzume’s concept, Maλa’s evolution doesn’t solely emerge from the
process of the underlying computer-controlled system. Rather, it evolves in an interplay
between the local participants’ self-projection, another remotely captured self and a
computer-controlled translator in-between. In Hindu-Buddhist thought, Maya [Sanskrit:
illusion] stands for the constant movement of the universe, so powerfully masking the
essence of all matter that the phenomenal world of reality can only be perceived behind
a 'veil of illusion'. The tele-immersive installation alludes to the translation of presence
and encounter in a shared, networked virtual space (Figure 4). The idea of Maya’s ‘veil’
is translated into an elastic membrane, a meshwork of interconnected particles, whose
two sides are split apart and networked in order to become a three-dimensional,
performative ‘looking glass’ on each remote site (Gemeinboeck, 2004).
5.1 Tele-immersion: stretching the screen to a passage
Networked virtual environments provoke the reconstitution and crossing of yet
another boundary as they apparently allow the participants to be present on ‘the other
side.’ The greatest challenge of Virtual Reality has always been the promise of
transcendence of (physical) space, its physical anchorage or at least that of its
interface. Embodied in current realizations of tele-immersive virtual spaces, however, it
seems that we don’t actually travel to distant places but rather bring them into our local
environment – together with the (representations of the) remote users; the ‘remote
place’ exists thus only as an abstract idea. Both, the sensuous experience as well as
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the process of interacting take place locally, ‘at home.’ The virtual place, apparently
stretched in-between doesn’t seem to be able to break away from its physical
anchorage and the cybernetic transfer of our self (still) seems to be somewhat
uncanny. The most exciting aspect for remote users is commonly the fact that they are
connected to other participants, located at physical places that they can relate to in
their mental map of the world, rather than the fact that they actually –virtually—share
the same space.
Yet the (multi-)inhabitation of such a shared environment exhibits quite an obscure
aspect of remote data transfer. The data’s detachment from the sender as well as the
irrelevant locus of the source, significantly influence how the supposedly shared space
is constituted and how we are embodied in that space. Even though the work is often
‘collaborative,’ it is not clearly comprehensible for the local participant where the
(apparently) incoming data arises and how the remote system is handling the signal
and data processing of their local, outgoing data.
In order to span a passage to the ‘other side,’ Maλa-Veil of Illusion utilises two
networked single-wall VR projection systems, whose physical frames the virtual veil is
sutured to. The participants communicate and interact with one another by means of
web-cameras. The virtual veil, apparently spanned between two remote locations, is
transformed by what the system perceives, interprets and reinterprets on each site. As
the participants move towards the projection screen, Maλa‘s virtual veil seems to
expand along their body contours and to stretch to the other side (Figure 5).
The veil’s movement is shaped by the mould of its remote participants who are
interpreted as three-dimensional interference patterns. It produces an intrication of
space, superimposing the representation of the local participants as a concave
impression with the convex expansion exerted by the other side. The participant’s
three-dimensional mould is then continuously transformed by the play of the particle’s
force interaction. Hence, the more one tries to reach the other, the more one’s
flickering mirror image melts into the other’s projection.
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Fig. 5: Maλa-Veil of Illusion: 30 second sequence of the interference of
Maλa’s veil.
http://www.psychnology.org/Images/gemeinboeck_maya.mpeg

5.2 Porous boundaries
Appearing on the other side of Maλa‘s divide, it is not the participants’ bodies that
have become transformed, but rather their ‘act of passage’, whose elastic boundaries,
according to Elizabeth Grosz,
“do not so much define the routes of passage; it is movement that defines
and constitutes boundaries. These boundaries, consequently, are more
porous and less fixed and rigid than is commonly understood, for there is
already an infection by one side of the border of the other; there is a
becoming otherwise of each of the terms thus bounded” (Grosz, 2001).
Maλa’s passage never actually opens up and its passengers are thus forever caught
in a kind of in-between space as the only way out of this passage is to shatter it. It only
opens at the point in which this interplay of forces becomes unbalanced and eventually
unstable, resolving the passage into black nothingness. Traversing the virtual passage
requires one to understand that there is no continuous spatial passage. As its
boundaries are perpetually redefined and replaced, transcending them reminds one of
Deleuze’s notion of how to arrive at Alice’s Wonderland: “It is by following the border,
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by skirting the surface, that one passes from bodies to the incorporeal” (Deleuze,
2001).
6. Conclusion
The apparent irrelevance of the data’s origin or its illusory placelessness,
respectively, seem almost ironic given the underlying technological apparatus that is
both physically constrained and anchored. With respect to non-immersive media, the
technological advancements have reached a level at which the infrastructure is fast
enough to provide the illusion of immediacy and ubiquity. Immersive or ‘spatial media,’
by contrast, still struggle with the issue of dissemination. Even though the future design
of spatial, immersive interfaces is likely to become increasingly perforated, implanted
and may eventually dissolve to a point, involving pervasive and wearable computing,
mixed reality, and biotechnology, the greatest challenge seems to remain at the level of
the conceptualization of the interface between the real and the virtual.
One of the most important aspects of a ‘virtual reality’ that is so deeply entangled with
technologies lies in “the transformation of the real through the concept of the virtual”
(Grosz, 2001) precisely because it is these technologies, according to Elisabeth Grosz,
“through which this change in conceptualization is made necessary” (Grosz, 2001).
Henri Lefebvre has already noted a transforming interplay in the context of what he
calls the ‘double illusion.’ The double illusion is not always composed in a rigidly
antagonistic opposition, but according to Lefebvre, each illusion often embodies and
nourishes the other (Soja ,1996).
“The shifting back and forth between the two, and the flickering or
oscillatory effect that it produces, are thus just as important as either of the
illusions considered in isolation” (Lefebvre, 1991).
Lefebvre’s notion of an emerging ‘third space’ enables an in-between that not only
allows for other aspects or positions to emerge but also for the two interplaying parts to
be seen unfixed, perforated, and to be negotiated. Maλa’s passage of interferences, in
particular, draws on the idea of spacing such a ‘third space,’ in which boundaries are
not so much crossed but rather reconstituted and renegotiated. And yet, the concept of
this other, emerging space also encompasses many of this paper’s central themes.
The space, as it is experienced in Uzume and Maλa, emerges from a continuous flow
that at the same time is driven by and implicates the embodied participant. Interfacing
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them then involves a multiple form of inhabitation or a simultaneous inhabitation of
multiple spaces, respectively. Even though the virtual space can exist and evolve
without being inhabited and the technological interface of the CAVE®, for instance,
enables a participant to connect to this virtual space, it is the participant along whose
bodily contours the real and the virtual meet. Hence, the spaces of the physically real
and the virtual overlay only where the participant (multi-)inhabits them.
Becoming a fluid extension of the participants’ movements, the emerging space
always remains unfinished and produces points of contact and leakage, lines of
continuity and cracks, planes of reflection and polarization in-between. The inhabitation
of space in this instance occurs along the divide of space and time, the real and the
virtual and the embodied and the informational, and perpetually provokes a
renegotiation of those allegedly well-defined counterparts. Both, Uzume and Maλa
produce a reality that can never be controlled or be reproduced. Rather, they create a
space in-between the real and the virtual, perforating and interlacing the two: it is to be
(bodily) mediated and negotiated and always unfolds in the present.
7. Notes
1 CAVE®, for Cave Automated Virtual Environment; developed at the Electronic
Visualization Laboratory, University of Illinois at Chicago in 1992. Documentation
online: http://www.evl.uic.edu/pape/CAVE/oldCAVE/CAVE.html
2 Maλa–Veil of Illusion (2004). The tele-immersive installation was implemented at the
Electronic Visualization Lab, UIC, Chicago, USA and the Fraunhofer IAO, Stuttgart,
Germany. The installation has been shown in four exhibitions in Europe and the United
States,

including

Archilab

2004,

Orléans,

France,

October–December

2004.

Documentation online: http://www.evl.uic.edu/beta/maya/
4 Irit Rogoff introduces the notion of a multi-inhabitation of multiple co-existing spaces
in her book terra infirma: geography’s visual culture (London: Routledge, 2000).
3 Uzume (2002). CAVE® environment by Petra Gemeinboeck, Roland Blach and
Nicolaj Kirisits; implemented at the Fraunhofer IAO Stuttgart, Germany, and the
Electronic Visualization Lab, UIC, Chicago, USA. The virtual environment has been
shown in over ten exhibitions in Europe, Japan and the United States, including the Ars
Electronica festival 2003 and the Siggraph Art Gallery 2002. It is part of the CAVE Art
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Collection of the Ars Electronica Center, Linz, Austria. Documentation online:
http://www.uzume.net
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ABSTRACT
As Biocca pointed out, the “two poles model“ of presence has only considered the virtual
and pyshical spaces, but not the imaginary spaces. This work is aimed at comparing the
sense of presence between virtual and imaginary environments. 100 participants were
randomly assigned to one of the two conditions (imagined versus virtual spaces) and the
subjective sense of presence was measured in three moments (begining, middle, and end).
Results indicate that the participants in “imagery” spaces indicated a decrease of their sense
of presence, whereas the opposite occurs in participants in “virtual” spaces. Imagination
seems not to be a long-lasting procedure to elicit presence. However, VR helps users to stay
there as time goes by. That is, it provides a “physical” context in which the self can be
placed.
Keywords: presence, virtual reality, imagination, mental space.
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1. Introduction
The sense of presence, the sense of "being there", is a psychological experience,
determined by a complex variety of characteristics or components. In a simple way, it is
usually defined as the subjective sense of being in a place. Many authors assume that
a person feels present in an environment when his/her cognitive processes lead to a
mental representation of a space, where the person locates himself / herself (Biocca,
1997; Schubert, Fridemann, & Regenbrecht, 2001). From this definition, it can be said
that a person could feel presence in different kinds of spaces: real, imaginary,
dreamed, “hallucinated”, or virtual spaces. The recent possibility of creating virtual
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spaces has increased the interest for studying the sense of presence, but presence in
non-real spaces was studied before virtual worlds were created. As Schubert and
Crusius (2002) remind us, the phenomenon of presence has been researched in other
domains, but with different labels, such as “diegetic effect” (in film theory), or
“transportation” (in narrative theory and research). To review all of these contributions
is beyond the scope of the present work. We are going to restrict it to the VR field.
In the VR field, research on presence has been dominated by what Biocca (2003)
called “the two pole model”. Although the two poles model could be useful in the initial
engineering research on remote operated telerobotcis or telepresence, it was
erroneously generalized to all media and became a cognitive theory of presence
(Biocca, 2003). This model has only taken into consideration two spaces: virtual and
physical. Furthermore, it has over-emphasized the role that the “technological”
variables, such as interactivity and immersion, play on the sense of presence.
However, research is showing that although important, technology is not the only
determinant of the sense of presence. Biocca (2002; 2003), Schubert, and Crusius
(2002) have brought out into the open what is called “the book problem”, that is, the
possibility of experiencing presence in a seemingly very low immersion, and the
possibility of experiencing presence in a “non-perceived” space, but an imagined one.
Biocca (2003) has proposed “the three pole model of presence”. In this model, a third
pole called “mental imagery space” is added. It is supposed that the processes
involved in the presence in mental imagery space would be similar to those involved in
physical or virtual spaces. In all cases, the experience of presence would be
“mediated” by mentally constructing a simulation, a mental model of the space around
the body. Virtual or imaginary, in either case, stimuli are only the raw material for the
mind that constructs that mental representation of an environment. All physical,
imaginary or virtual realities are a consequence of internal processing, they are not
developed only from the immediate sensory information we receive (Schubert et al.,
2001)
Biocca’s three-pole model offers a possible solution to “the book problem”. According
to it, narratives achieve a level of presence by making use of the imagery space to “fill
in” the spatial model cued by the book. Biocca suggests that spaces generated from
mental imagery may not have as much sensory resolution, salience in memory and
intersubjetive consistence as those generated from virtual spaces. The sense of
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presence could be strong, but it may more difficult to generate and maintain the level of
presence experience in virtual spaces. Also Schubert et al (2001) suggest that
presence in imagined and virtual spaces could differ because virtual spaces offer a
higher level of immersion and interaction, whereas imagination depends mainly on the
cognition of the subject. So mentally representing the self in a space could be easier in
virtual reality and harder in imagination. In fact, Freeman, Lessiter, Keogh, Bond and
Chapman (2004) compared the sense of presence in a virtual relaxation island to only
a relaxation narrative, and they have found differences indicating that presence was
higher in the virtual environment. This study has only compared post-hoc measurement
of presence.
The present work is addressed to test this assumption. We compare the sense of
presence elicited from a perceptual / virtual environment with the presence elicited from
an imagery environment in different moments through the experience. Following the
above suggestions, presence in imagery spaces must be weaker than in virtual spaces.
2. Method
2.1 Experimental Design
A between-subjects design (factorial design) using repeated measures was used. A
standard mood induction protocol (MIP) was used, in which we measured the
subjective sense of presence in three moments during MIP (intra-subjects
comparisons).
2.2 Participants
A hundred participants were recruited for the study from the Polytechnic University of
Valencia, University of Valencia and University Jaume I of Castellon. There were 37
males, and 63 females. The mean age was 22.83 (SD = 3.90) with a range between 18
and 41. Participants were randomly allocated to one of the two experimental conditions
(VR versus Imagery MIP). All participants fulfilled the following inclusion criteria: a) non
history of neurological disease, head injury, learning disability or mental disorder; b)
non history of psychological disorders; c) non use of any medication for psychological
or emotional problem; and d) scoring lower than 18 in BDI (Beck Inventory Depression)
(Beck et al.,1961).
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2.3 Measures
UCL Presence Questionnaire (Slater, Usoh, & Steed, 1994): This is a post-test
subjective presence measure composed by 3 items that assesses a users sense of
presence by determining: a) Subject’s sense of “being there” b) Extent to which the
virtual environment becomes more “real or present” than everyday reality; and c)
Extent to which the virtual environment is thought of as an actual place visited rather
than seen. This questionnaire was adapted to ask about the imagery environment.
A variation of the first and the third questions of this measurement were selected to
also be asked during the MIP (Presence: “Are you here, in this park?”; and Reality
Judgment: “Do you feel this park is real, it is a place you are visiting?”). These two
questions were implemented in the virtual and imagined environments in three different
moments: a) Moment 1: at the beginning, one of the participants listens to an initial
narrative that gives an introduction of the environment, and they are watching or
imaging a first image of the park; b) Moment 2; in the middle of the experience, just
after Velten task; c) “Moment 3”: at the end, when the induction procedure is finished.
Participants had to answer in a 0-10 scale.
2.4 Mood Induction Procedures (MIPs) Description
MIPs are experimental procedures whose aim is to provoke in an individual a
transitory emotional state in a non-natural situation and in a controlled manner; the
mood induced tries to be specific and pretends to be an experimental analogue of the
mood that would happen in a certain natural situation (García-Palacios & Baños, 1999).
MIPs include a broad diversity of methods and have proven to be efficient in achieving
these changes in the target mood (for a review, see Gerrards-Hesse, Spies, & Hesse,
1994; Martin, 1990; Westermann, Spies, Stahl, & Hesse, 1996). The MIP designed for
this work consists of a neutral environment that progressively changes depending on
the mood state to be evoked on the user. The scenario was a park, and four variations
were used, in order to evoke sadness, happiness, anxiety, and relaxation. In order to
build the different environments, variations of every one of following elements were
included: music, narratives, Velten self-statements

2

(Velten, 1968) plus picture

(selected from International Affective Picture System IAPS, Lang, Bradley, & Cuthbert,
1995), movies, and autobiographical recalls. A previous study (Baños, Botella
Guerrero, Liaño, Rey, & Alcañiz, 2004) has proved that this MIP is able to induce
2

It is a MIP developed by Velten (1968), where mood induction is achieved by means of statements written in first person relative to the mood.
Subjects are asked to read the statements, and to try to feel a mood similar to the one described in them.
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different moods in users. Data from subjective mood state measurements showed that
the four emotional environments (sadness, joy, anxiety, and relaxation) were able to
produce mood changes in the users.
1) Description of the Virtual Reality MIP:
The MIP using VR was as follows: Users listened to a short history according to the
emotional condition (sadness, happiness, anxiety and relaxation) (“Moment 1” in the
assessment). A woman’s voice guided users through the virtual walking. From the
beginning, a piece of music was heard. The initial appearance of the environment was
the same for all users. However, the aspect changed soon depending on the emotional
condition (see Figures 1 and 2). Users had two minutes to freely explore the park.
Then, they were asked to go to the center of the park, where a bandstand was. In five
of the sides of the stand (it is an eight-faced polyhedron), a statement of the Velten
(1968) technique appeared in a disordered manner and they had to order it. The
content of the statements depended on the emotional condition. For each sentence,
users had to choose a picture between four options, the one that best represented for
them the meaning of the sentence. All pictures were selected from IAPS (Lang et al.,
1995), in function of two criteria: they had to be “emotional” according to Lang et al.
(1995) data and they had to be related with the content of the sentence. Users were
asked to get involved in the contents of each sentence during 45 seconds, to think
about the personal meaning of each statement (“Moment 2” in the assessment). After
that, they could again walk around the virtual park during two more minutes. Then
users were asked to go to the cinema to watch a short film. Once the cinema session
was finished, users were asked to tell in a loud voice a personal recollection similar to
the things that happened in the park (“Moment 3” in the assessment).
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Fig. 1: The happy park.

Fig. 2: The sad park.

Regarding hardware, the hosts for virtual environments were hi-end computers with
fast graphic cards and 128Mb of graphics memory and textures. The displays device
was a metacrilate retro-projected screen of 400x150 cm. The retro-projection option
allowed users to walk near the screen without blocking the image and projecting
shadows on the screen. Resolution projectors were 1024x768 pixels and a power of
2000 lumens; however, it was regulated for a power of 1000 lumens in order to make
users feel more comfortable. Regarding the interaction device, a joystick was used.
This device was configured to have different modes of use, so by pressing a button it
changed from navigation to interaction mode.
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2) Description of the Imagery MIP:
In order to compare the levels of presence achieved in both virtual and imagery
spaces, a traditional MIP was developed, using the same procedures (Velten
sentences, movies, pictures, and music) without the mediation of the virtual
environment, but imagination. The difference between VR-MIP and “imagery” MIP was
that the first one uses a virtual environment where all elements are included, whereas
the second one uses an imaginary environment where the same elements are
included, that is, virtual parks were substituted by imagined parks, and all the rest
elements and the procedure remained equal. The “imagery” MIP has been also
developed to evoke four mood states: joy, sadness, anxiety and relaxation.
The procedure was as follows: Participants were alone in the laboratory. They
listened to a tape-recording including all the instructions. First, they were asked to
imagine a park that would leave them feeling sad, happy, anxious or relaxed. They
were requested to generate a vivid image of the environment. Afterwards, participants
listened to a narrative in function of the mood state that has to be induced (“Moment 1”
in the assessment).. From the beginning, music was heard according to the mood
state. Subjects were instructed to explore the imaginary park for 2 minutes freely.
Then, they received instructions to go to the center of the imaginary park, where there
was an imagery bandstand. In that moment, subjects had to read five Velten sentences
written in a piece of paper (according to the mood state). In each piece of paper, for
each of the sentences, they had to choose a photograph (selected from IAPS, Lang et
al., 1995) between four options, the one that represented for them the content of that
sentence (Pictures and sentences were printed on a notepad that participants got on
the table). Participants had to get involved in the contents of each sentence during 45
seconds (“Moment 2” in the assessment). Then they were requested to again walk
around the imaginary park during two more minutes. After that, subjects were asked to
turn on a screen and to watch a part of a movie (selected to evoke some specific mood
state). Finally, they were asked to tell in a loud voice a personal recollection similar to
the things happening in the imaginary park (“Moment 2” in the assessment).
3. Results
For UCL post-test items, t-tests were carried out. Descriptive statistics and results are
shown in Table 1. Statistical analysis revealed that VR group scored higher on realism
than “imagery” group.
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VR
Sense of being
there
Realism
Visited somewhere

IMAGERY

4,68
(1,51)
4,48
(1,63)
4,77
(1,47)

4,83
(1,26)
3,55
(1,50)
4,22
(1,90)

Group
differences
N.S.
t=2,89, d.f.= 18
p < .057
N.S.

Table 1: Mean and (standard deviation) ratings from “UCL questionnaire.

Furthermore, the two questions about presence and reality judgment during the
induction were analyzed. Descriptive statistics are shown in Figures 3 and 4. The only
significant effects were the moment x condition interactions for both questions
(Presence: F (2, 91) = 22,564, p< ,000; Reality Judgment: F (2, 91) = 22,217, p< ,000).
That is, whereas “VR” group shows an increase on the “sense of being there” and
“reality attribution”, “Imagery” group shows the opposite pattern.
PRESENCE
7
6

5,9

5

4,85

4

4,05

4,77
4,25

Moment 2

Moment 3

3

VR
IMAGERY

3,35

2
Moment 1

Fig. 3: Presence scores during MIP.

REALITY JUDGEMENT
7
6

6,2

5
4
3
2

4,68
4,35

5,15
4,52

Moment 2

Moment 3

2,55
Moment 1

Fig. 4: Reality judgment scores during MIP.
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4. Discussion
Results of this study show that there are differences between subjective sense of
presence in virtual environments and imagery environments. Data indicate that
participants in the imagery space informed a high sense of presence at the beginning,
but a decrease was observed and at the end they informed a low sense of presence.
However, participants in the virtual space showed the opposite pattern: their subjective
sense of presence was increasing through the virtual experience. It seems that the
imagination is a good procedure to elicit sense of presence, but users have some
difficulties in maintaining it in an imaginary space. It could be difficult for people to
suppress for a long time the actual physical environment (laboratory) in favour of an
alternative and cognitive environment. However, VR system helps the user to “stay
there” as time goes by. That is, it provides the person a “real physical” context in which
him/herself can be placed, instead of the actual environment.
Some limitations of this study have to be mentioned. Firstly, the narrative to which
participants listened was mainly focused on emotions and feelings. Some spatial cues
were offered, but individuals were aimed to mentally construct the space by
themselves. However, Gysbers, Klimmt, Hartmann, Nosper and Vorderer (2004)
manipulated two elements of message to facilitate spatial presence during reading: the
number of spatial descriptions (cues) in the text and the integration of explicit
instructions to imagine the described spatial environment as vividly as possible.
Contrary to their initial hypothesis, data indicated that the spatial presence scores were
highest in the condition of few spatial cues and no imagination instructions, and
“suspension of disbelief” was also most intense in this experimental condition. The
authors suggested that detailed spatial descriptions and imagination instructions in the
text could limit readers’ imagination and fantasy regarding their ‘active illusion’ to be
located in the space. According to the authors, the high “suspension of disbelief” value
in the “low spatial cues and no instruction” condition supports this interpretation,
because it points at more active imagination processes in the readers of this
experimental group. Along with this study, readers will more likely succeed in imagining
self-location in the text’s world if the text leaves the specific spatial configuration of the
portrayed environment open to the individual reader’s spatial imagination.
The main shortcoming of this study is the lack of consideration of individual
differences in mental imagery ability. So it will be needed to study the role of individual
imagery skills on the sense of presence in imagery spaces. However, Freeman et al.
(2004) have found correlations between mental imagery ability and induced relaxation
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(only in the narrative condition, not in the virtual condition), but they have not found
relationships between mental imagery ability and presence.
Despite limitations, results of this study suggest that it is easier to feel presence and
to maintain this feeling when the representation of the space comes from
“perceptual/outside” stimuli, at least for individuals in a normal state of consciousness.
This finding is also relevant from an applied perspective. One of the more promising
VR applications is psychological treatment. Virtual exposure to the feared
environments has shown to be an efficient tool in the treatment of phobias. Results of
the present study point out that “virtual exposure” could be more efficient than “imagery
exposure” because it could elicit a higher sense of presence. Exposure techniques are
usually applied during long sessions (30-45 minutes usually), and it is needed that
patients feel the feared environment as real, and that they locate themselves in it. So,
when long sessions are used, it could be easier for people to maintain their selves
located in a “perceptual” (virtual) space rather than an imagery space.
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ABSTRACT
A preliminary study on the use of an adaptive display for treating emotional disorders is
presented. The purpose of this study is twofold: to obtain a virtual environment that adapts
to the emotional states of the user at each moment and to analyze the possibility of using it
for the treatment of emotional disorders. Until now, different types of adaptive displays have
been developed and studied, some of which try to react to affect states of the user
(Reynolds et al., 2004). The novelty of our system lies in the use of the adaptive display for
the treatment of emotional disorders.
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1. Introduction
1.1 Adaptive displays
An adaptive display can be defined as a device that autonomously adjusts its
presentation and actions to better match the immediate goals and abilities of the user.
The system has to monitor several variables, such as user status, tasks and context.
The possibilities depend on the capabilities of the technology that carries the display.
Rothrock et al. (2002) identified two types of adaptability depending on the tasks that
the user must perform in the system: interaction and knowledge content. If the user’s
purpose is to execute and control tasks using the system, interaction adaptability would
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be required. In this case, a perceptual adaptation is usually made. On the other hand, if
the user’s purpose is to acquire knowledge, the focus would be on content adaptability.
This knowledge content adaptability can be used in web browsing, learning activities
and so on. The system would elicit information from the user and continually update the
information that is shown based on patterns of interaction.
In recent years, interest in adaptive displays has greatly increased, as it is a
technology that can be applied in many different areas. A lot of research has focused
on the technical aspects such as improving resolutions and detail of the displays. Other
research has focused on cognitive aspects such as analyzing the problem of
information overload and the observer’s ability to process the information that is shown.
A few studies are centred on the perceptual adaptation of the user. Schowengerdt et
al. (2004) have recently built several prototype displays that can vary the focus of
objects which are at different distances in a displayed scene. The purpose of the
authors was to couple accommodation and vergence in a stereoscopic display to better
simulate natural viewing conditions.
Other special kinds of adaptive displays are gaze-contingent. These devices attempt
to balance the amount of information displayed with the visual information processing
capacity of the observer (Duchowski et al., 2004). Depending on the user’s focus of
attention, content is shown in different ways using different display processing means.
Eye tracking can be used to follow the user’s eye movements in real time.
While Duchowsky and many others focus on spatial adaptivity, other authors focus on
temporal adaptivity. The sampling in these studies is not only denser but also more
frequent. Watson et al. (2004) have developed a display that emphasizes older
samples in static settings and new samples in dynamic settings. This offers new
possibilities for adaptation to the user state (not only where it is needed, but also when
it is needed). Watson’s prototype also included eye tracking to respond interactively to
changes in the user’s viewpoint.
Other adaptive displays emphasize content. Their goal is to minimalize the flood of
information towards the user, taking into account the user’s speciphic needs and
capabilities as well as the technical features of the system. There are different levels of
meaning that are integrated within human information processing (Duke, 2004), and it
is important to identify these levels in order to adapt the delivery of graphics and
information to the user.
Cai (2004) describes a case study of video stream monitoring for traffic safety. Since
it is impossible to display all the video streams from all the buses in a metropolitan
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area, a selection must be made in order to broadcast a set of channels that falls within
the capacity of the bandwidth for the operator. Narayan et al. (2004) describe a system
that assists users in locating and navigating data sources in a repository of information.
Once again, the emphasis is on facilitating information search and knowledge
discovery. Beal (2004) describes the use of an intelligent tutoring software program
that dynamically adapts the instructional information that is shown to a student,
depending on the student’s cognitive strengths, motivation and attention.
Currently, there are research groups that are developing new kinds of sensors and
algorithms that can detect information related to affect. This could be the basis of a
new kind of display that adapts to affect (Reynolds et al., 2004).
The research that we present in this paper has been performed within the EMMA
(Engaging Media for Mental Health Applications) Project, IST-2001-39192 (Alcañiz et
al., 2003). It is representative of this latest category of adaptive displays. We have
developed a virtual reality application whose contents and aspects change dynamically
depending on the emotions of the user. It can be described as an adaptive display that
reacts to affect. This environment is designed to be used in psychological therapy.
1.2 Treatment rationale
During the last century, there has been excellent progress made in the field of
psychological treatments and “empirically validated” treatments are now available
(Task Force on Promotion and Dissemination of Psychological Procedures, 1995). The
cognitive model has greatly contributed to the development of these treatments.
However, this approach cannot control all the changing human processes. This is due
to theoretical limitations. There are discrepancies between the linear rationale of the
cognitive theories, and the complexity of the therapy. It is difficult to change certain
personal beliefs, and the importance of emotions has not been taken into account.
Miller (1956) pointed out that cognitivists were victims of their own success; they traded
the construction of a metaphor of the meaning for a human mind model based on a
computer.
Nowadays, more attention is being paid to the importance of the emotional aspects in
therapy, specifically emotion control problems. Recently, an entire issue of the Journal
of Clinical Psychology (2001, vol. 57(2)) was dedicated to this topic. This issue states
that emotion and its control is emerging as a topic of central relevance in
understanding psychological problems and their treatment (Paivio & Greenberg, 2001).
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For example, Paivio and Laurent (2001) consider that a great challenge for clinicians is
to address emotion control problems that prevent many patients from processing
traumatic experiences. Wiser and Arnow (2001) point out that emotion is a key factor in
the process of change and that it is an important source of information. For this reason,
the awareness of emotional experience is considered as necessary for effective
emotion control and adaptive functioning for positive emotions as well as for negative
emotions.
The aim of this work is to test some of these developments in cognitive psychology.
That is, to focus on meaning and emotion as central subjects in psychological
research. To do this, we have designed and tested virtual reality strategies that
structure effectively the treatment procedures described by these theoretical
approaches. We propose going beyond changing the observable behaviour or
changing the central cognitive contents that influence the individual functioning. Our
goal is to modify cognitive processes and structures and to activate and modify basic
emotional patterns.
2. Description of the virtual environment
2.1 Clinical aspects
The application has been designed to help in the treatment of post-traumatic stress
disorder, adjustment disorder, and bereavement. In all these situations, people have
suffered a traumatic experience (e.g. the loss of a loved one, loss of a job, divorce,
rape, etc.). To accomplish our therapeutic goals, a series of emotional objects can be
used and personalized so that they are meaningful to the user and contain the
fundamental elements that the person must confront. The objective is to obtain a
physical representation of personal meanings and the emotions that are related to
those meanings and to study how this strategy helps the person to change. The set of
personal experiences that is created can be used to activate, correct, structure and
restructure those previous experiences. By using them as cognitive-emotional
structures, the therapist can help the patient to structure a new way of processing and
integrating past, present and future experiences.
2.2 General description of the different tools
In the first stages of the therapy, the patient learns how to navigate and interact with
the system by practicing in a neutral environment.
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The treatment environment is a special place where patients can feel free to express
their emotions and where emotions are going to have an effect on everything that
surrounds them. A series of tools are used in each session. They are always available
in the environment and are selected based on the therapist’s instructions. For example,
if the patient is asked to relive an experience while speaking to the therapist, the virtual
environment will reproduce these feelings in different forms (such as a dark forest with
no exit). Another tool provided by the system is “the living book”, which has been
designed so that the person can reflect feelings and experiences in it. It contains
images, objects and other elements that are also present in the virtual environment.
The objective is to represent the most important moments, people and situations in the
person’s life. Anything that is meaningful for the patient can be incorporated in the
system: photos, drawings, phrases, videos...
Both the therapist and the patient are physically present in a room. The patient
visualizes the virtual environment in a retro-projected screen. The virtual environment
contains a circular room, so the environment outside the room can be visualized from
the inside. The user can navigate both inside the virtual room and outside it (Figure 1).

Fig. 1: Image of the room from the outside.

The patient can select different objects that can appear in different places of the
environment in order to personalize it. The therapist can control the contents that the
user views from another computer, and can make the environment change in real time;
for example, a beach can be changed to a snow-covered town. The therapist can also
create different effects in the environment such as rain, snow, earthquakes...
In this section, we describe in greater detail the kind of actions that can be performed
by the patient and the therapist.
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2.3 Personalization by the patient
The environment includes different systems that interact to allow the patient to
express ideas through different items. The characteristics and positions of these items
can be modified in real time.
2.3.1 Object selection
The first customization that the user can make in the environment is the selection of
different objects and elements that can be added to the environment in real time.
A database with different elements can be created for each patient. A graphical
element, the database screen (Figure 2), provides access to the different categories of
objects that can be held and used in the system: sound, video, images, threedimensional objects and colours.

Fig. 2: The database screen. The object category is shown in the image.
The user can select other categories by pressing the correct tab.

Each category is composed of an array of icons that represents objects that are
present in the database. When the patient selects them, they are copied to a temporary
storage tool called the inventory tool, from where the elements can be copied to
different places in the virtual room.
In order to identify the parts of the virtual room where objects can be copied, there are
special objects, called “object holders”, which are distributed throughout the room. The
objects that are in the inventory can be copied into these holders. The effect created is
different depending on the object that is copied. If it is a three-dimensional object, it is
viewed above the object holder (Figure 3). If it is a sound, it will be heard when the user
approaches the object holder. If it is a video, it will be viewed on a small screen above
the object holder when the user approaches it. If it is an image, it will be viewed in a
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small screen above the object holder. An object holder can serve as a mixing tool to
combine several elements to form a new more complex element. This is achieved
when different elements from different categories are copied to the same object holder;
thus, an object holder can simultaneously show a 3D object, a video and an image; the
associated sound can be heard when the patient approaches it. Also, if a colour
element is copied to an object holder that already has a 3D object, a coloured light will
be applied to the object. The size of the different elements that are shown in an object
holder can be controlled by the patient.

Fig. 3: An environment object holder that contains a book. The book is
viewed above the object holder.

The elements in the object holders can be moved by copying them to the inventory.
This makes them disappear from their current location. Then, they can be copied in
other object holders of the virtual room.
Besides object holders, there are other special elements that are used inside the
virtual room. The most important one is the living book (Figure 4).

Fig. 4: The living book. The title can be read on the upper left corner of the
first page. There are different slots for placing different objects.
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The representation of this element is a book that contains pages that represent
different chapters. A title for each chapter can be introduced by using a virtual
keyboard. The living book is the instrument that the patient uses put in order and keep
all the contents that have been analyzed with the therapist during the session. Initially,
the living book is empty. The user can select the elements that will be introduced in
each of the chapters directly from the database screen or from an object holder. The
elements are copied temporarily to the inventory tool, and from there to the different
positions that are available on each page of the living book. The elements are
represented in the living book by means of an icon. Once the elements have been
copied in the book, their order can be changed at any point during the session.
Finally, there is another special element that is used to eliminate objects, the drain
(Figure 5). It is used to destroy the objects that are no longer needed. The interaction
with the drain is similar to the ones that we have described above. When the user
drops an element from the inventory to the drain, the element is deleted from the
inventory and can no longer be used.

Fig. 5: The drain. This is the graphical representation of
the object used to destroy elements.

2.3.2 Emotional discharge system
The emotional discharge system (Figure 6) provides a space that allows the patient to
modify and manipulate the characteristics of the virtual environment and the objects
that are placed in it in accordance with emotions.
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Fig. 6: The discharge area. It is composed of three special object holders
that allow the user to modify the objects that are placed above them.

The discharge system has been implemented as three special object holders that are
on the balcony of the virtual room. Patients can modify the shape and the aspect of the
objects that are placed on them with their voices (shouting in a louder or softer way
depending on their emotional state). The size of the objects placed in those special
object holders is modified according to the loudness of the input sound. More than one
object holder can be active at the same time. In this case, the aspect of all the objects
placed over them will change simultaneously.
2.4 Personalization by the therapist.
The therapist accompanies the patient during the session and can have an important
role in the customization of the environment.
A special interface has been prepared to allow the therapist to control several
aspects of the appearance of the outer part of the virtual room. The application that
controls this runs on a different computer from the one with the virtual environment.
The commands that the therapist introduces are sent using TCP/IP to the environment
computer, and the appearance of the environment changes depending on the
command that the computer has received.
There are five different pre-defined aspects (Figure 7): a desert, an island, a
threatening forest, a snow-covered town and meadows.
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Fig. 7: The different aspects of the virtual environment: the meadows, the desert, the
island, the snow-covered town and the threatening forest.

The environments are related to different emotions. For example, the desert can be
related to rage. The island can be shown when the therapist wants to induce relaxation
in the patient. The threatening forest can be related to anxiety. The snow-covered town
can be used during the session when the patient is remembering a sad situation in his /
her life. The meadows can be used to induce happiness in the patient. However, the
specific use that is given to each environment depends on the context of the session
and can be selected by the therapist in real time.
Apart from this large-scale control (changing the entire aspect of the outer part of the
virtual environment) the therapist can also make small-scale changes. Different effects
can be applied to the environment (Figure 8): a rainbow can appear; it can start to rain
or to snow; an earthquake can be generated; the hour of the day (and the
corresponding illumination) can change...
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Fig. 8: Sad environment with a storm, rain, and snow. The therapist
can control the appearance of these effects at the relevant moments.

All these effects can be launched from the same interface, and the therapist can
control both the appearance and disappearance of the effect, as well as the intensity
with which the effect is shown.
The following video shows changes that can occur during a real session using the
virtual environment.
Video 1: http://www.psychnology.org/Images/rey_video.avi

3. Conclusions
We have developed a virtual environment that can be used in psychological
treatments. It acts as an adaptive display that varies the contents that are presented
depending on the emotions of the user at each moment. With this new technical
approach, different environments can be created to help the therapist treat different
kinds of psychological problems.
The principal contribution of this work (from the technical point of view) is the
possibility to dynamically change the aspect of the virtual environment. This opens up a
new area and new possibilities not only in the field of psychological disorders, but also
in many other sectors such as industry, architecture and medicine.
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