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Abstract

In addition to established methods, the treatment of
mental disorders using Virtual Reality Exposure
Therapy is becoming commonplace. We present an
approach, which extends this concept in three ways:
(1) the provision of maximum control for the therapist
over the exposure environment, (2) the inclusion of
different media and mediation elements in the
virtuality continuum in Mixed Reality, and (3) support
for co-located and remote collaboration between
therapist and client.

This paper gives a brief overview of related work in
the field, describes our conceptual approach and a
first implementation, and highlights initial findings
and issues. Empirical results of our work in progress
will be presented at the conference.

1. Introduction

Many of us experience fear or try to avoid certain
situations in different ways. We feel uncomfortable
while standing at the edge of a cliff, do not really like
to touch a hairy spider or simply do not like to travel in
a 30 year old airplane. This feeling of discomfort is a
normal reaction and is probably a result of
evolutionary survival strategies.

With some people, these reactions of fear or
avoidance are developed to an extent, where normal
social behavior is negatively affected and therefore
treatment is advisable or even necessary. In particular
phobias, like the fear of heights, fear of flying, or the
fear of public speaking, the problem can be a
significant disadvantage for some persons in their
private or business relationships and behavior.

Therapists in clinical psychology have developed
several successful methods to treat these phobias.
Clients (patients) are confronted with the fear-evoking
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stimuli either in reality (e.g. taking the client to a high
bridge) or in letting the client imagine a fearful
scenario, showing pictures or reading texts evoking a
situation normally avoided by the client. The level of
exposure to feared stimuli in these situations can be
controlled by the therapist in terms of the approach
adopted in the therapy from unexpected, sudden
confrontation (flooding, implosion) to a carefully
chosen, graduated exposure to images or situations
(systematic desensitization). In any case, the client
learns to cope with the fear evoking stimulus by
experiencing the control of his/her avoidance /
approach behavior.

In recent years, these methods, in vivo therapy
(reality exposure) and in imagino therapy (imagined
exposure), have been supplemented by a third method:
in virtu therapy, thanks to the developments in
interactive, three-dimensional computer technology
(Virtual Reality — VR). [16] As proposed by North et
al. [14] the virtual therapy environment should
provoke the same psychological and physiological
reactions as in the real world situation. Rothbaum et al.
[19] laid the foundations in proving the empirical
evidence of successfully applying Virtual Reality
exposure therapy (VRET). They implemented a VRET
system for the treatment of acrophobia (fear of heights)
utilizing virtual lifts and bridges and could show, that
the patients developed effects equivalent to the feared
real-world situations. 20 students suffering from
acrophobia were randomly assigned into a treatment
group (12 subjects) and a waiting list condition (8
subjects). Subjects in the treatment group received 8
weekly sessions of VRET conducted by an advanced
clinical psychology graduate student. While immersed
in the VE, the subjects stood on a small platform
surrounded by a railing they could hold on to. The
results showed improvement on all measures for the
treatment group, but not for the comparison group. The



author’s reported findings showed the potential of
VRET, and supported the assumption, that VRET
could also be successfully applied to other
psychological disorders.

Another successful attempt to apply VRET to the
treatment of fear of heights was undertaken by Choi et
al. [5] in 2001. A steel tower was modeled after a
bunjee jump location, known to the subject of the case
study. To further enhance immersion the patient was
isolated in a darkened room, where he could
communicate with the therapist solely over
microphone. Treatment consisted of four sessions of
relaxation training, followed by VRET. Though
originally 8 30-minute sessions of VRET were
planned, the client felt so much improved after 6
sessions, that he deliberately moved on to in vivo
exposure. The results showed a significant drop on all
measures used, except the Body Sensation
Questionnaire, which remained stable. Hodges et al.
[10] and North & North [15] used VRET in the
treatment of fear of flying. The main advantage in
using this type of medium was seen in the range of
control over the environment presented. A variety of
parameters could be controlled by the therapists,
including the weather, and the flight conditions and
duration. The subjects of both case studies completed
several actual flights after treatment. However, only
the study by Hodges et. al. offered statistical data on
the achieved improvement after the successful
treatment and at one-month follow-up. Slater and
colleagues [20] investigated the ability of a virtual
audience to evoke fear in people suffering from public
speaking anxiety. Therefore they introduced animated
and partly interactively controlled 3D avatars as
anxiety producing stimuli to gradually decrease the
client’s fear of speaking in front of other persons.
Unfortunately the representation of the audience led to
confusion amongst the clients, who perceived facial
expressions of the avatars that were intended to be
negative as positive. Nevertheless the authors found
the results satisfying, since they allowed for the
conclusion that “Higher perceived audience interest
increases self-rating and reduces public speaking
anxiety.”

Anderson et al. [3] also implemented a VRET
system for the treatment of fear of public speaking, but
used a live video of actual people instead of 3D
avatars. Two subjects were treated, each according to
their specific needs. The first subject received
treatment consisting of 12 weekly sessions, which
made the setup comparable to other traditional
treatment setups. The second subject came from out of
town, and wanted to focus on exposure, since she only
had a constrained amount of time to complete
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treatment. She received 8 sessions of treatment within
3 days, 5 of which solely consisted of VRET. Both
subject’s anxiety disorders were rated clinically
significant improved after treatment. However, only
the first subject completed the 8-month follow-up,
which showed that her achievements remained stable.

Carlin et al. [4] enhanced the visual display of the
stimulus by tactile augmentation in the treatment of
arachnophobia (fear of spiders) using real world props
exactly tracked and presented in position and
orientation. In a kitchen environment, a table, a plate,
and a toy spider were experienced visually and
haptically at the same time, increasing the “realness”
of the experience. Apparently the perceived distress of
the subject of the conducted case study increased
dramatically when she touched the so-called “mixed
reality spider”.

Edmans et. al. [7] developed a virtual reality system
for the rehabilitation of stroke patients, which
simulated the task of making a hot drink, an ability
which is often lost after a stroke. The authors
suspected that VR is (1) suitable for patients with
physical impairments and (2) enjoyable and
compulsive and thereby offers a high motivation to
complete the task. They also wanted to take advantage
of the strict control over learning processes potentially
offered by virtual environments. In addition virtual hot
drinks cannot burn the patient, which decreases risks
during treatment. The authors found it very difficult to
develop an interface suitable for stroke patients, which
diminished the enjoyability of the virtual environment.
Also, the huge variety of impairments complicated the
development of an always fitting system. Alcafiiz et.
al. [1] presented an internet based tele-health system
for the treatment of agoraphobia (fear of open places)
in 2003. Their system is thought to complementary
support treatment from the client’s home. Exposure is
achieved by the means of virtual reality, though no
special VR-hardware (e.g. a HMD) is used. The
application is installed on the client’s PC in his home,
but control over the progress of the treatment is
assured, since the application can only be used while it
is connected to an internet server. However, the
therapist is not required to supervise these virtual
reality sessions.

Virtual Reality depends on the sense of presence of
the user within the virtual environment. In our case,
the client should feel to be part of the virtual world to
experience the fear intended. Unfortunately the client
cannot be within the virtual world and the real world,
where the therapist is, at the same time. So, every time,
the therapist is, for instance giving instructions to the
client, the illusion of presence is broken. In order to
avoid interrupting the client’s illusion of presence



while maintaining the possibility of communication
between the client and the therapist, we intend to
overcome one main drawback of today’s VRET
systems : the de facto exclusion of the therapist from
the virtual world.

Juan et al. (12) addressed this problem using a
similar scenario as Carlin et al. treating the fear of
animals, in this case cockroaches. But, they focused on
the concept of visual augmentation to enhance the
effect of the treatment and inherently allowing for the
presence of the therapist in the same space as the
client. An Augmented Reality system was used in
combination with tangible user interfaces in their
study. The clients operated in a real-world
environment, while the virtual cockroaches are
presented as overlaid, spatially placed, and animated
stimuli. This way the client and the therapist could
communicate in a natural way, without disturbing the
client’s perceived sense of presence.

The idea of Choi et al. [5] to isolate the client and
allow communication via microphone only, also served
the purpose of enhancing the sense of presence by
supporting the clients concentration on the virtual
environment. We believe that for the same reason
including the therapist into the virtual environment is
an effective way of increasing the sense of presence
perceived by the client, which may lead to more
efficient treatment.

All studies applying Virtual and Augmented Reality
exposure therapy combined with in vivo or in imagino
methods, and the most of the studies relying on the
effect of VRET only reported success. In comparison
to real-world treatments even some advantages can be
extracted (see e.g. [9]):

VRET can save time for both the therapist and the
client, because they do not have to travel to (several) in
vivo locations, which sometimes also have to be
prepared beforehand.

There is less risk involved, because virtual
environments do not harm (physically).

The client is often rather willing to undergo a
VRET in the therapist’s office, because (1) there is no
public exposure and therefore privacy and security is
maintained and (2) the feared object/environment is a
virtual one and with this in mind, it is easier for the
client to approach it in the first instance.

The costs for the therapy can be decreased in most
cases, not only because of the time saved, but also for
less equipment needs to be hired (e.g. an airplane) and
less organization is involved (e.g. hiring and preparing
a lecture room).

The main advantage of VRET, in particular over in
vivo therapy is the ability to control the environment in
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detail and in a pace according to the stage and progress
of the therapy.

Finally, when following an approach presented as in
our system, even therapy at a distance could be made
possible. At least occasionally, therapist and client
could be present at different geographical locations to
meet in a shared virtual environment. More research is
needed here beforehand, in particular on ethical issues,
though.

Given the possibilities, limitations, advantages, and
lessons learned, we try to deliver a therapy system,
which addresses the following questions:

Control: How can one maximize the controllability
and stimuli provision of a VRET system?

Affordability: How can one bring a VRET system
into the therapist’s office? Which type of setup is
suitable to deliver an immersive therapy solution while
maintaining feasibility and affordability?

Mixed Reality: How can one control the desired /
needed degree of virtuality (reality ... virtual reality)
regarding both the technical setup and the content
delivery?

Collaboration: How can one actively incorporate
the therapist and the client into the therapeutic
environment, even when not using Augmented
Reality?

From a research point of view, this aspect is clearly
the main novelty in our approach. Therapist and client
“inhabit” the same room at the same time. With this,
the client’s sense of presence in the virtual
environment can be maintained throughout the entire
session. Eventually, no breaks occur in switching
between the real and virtual environment.

We are presenting our conceptual approach towards
such a collaborative Mixed Reality Exposure Therapy
(cMRET) system as well as our actual first
implementation.

2. cMRET system concept

Considering the related work in Virtual and
Augmented Reality exposure therapy and our derived
questions we have developed a concept for a cMRET
system with the following main requirements:

To allow for applications in different treatment
scenarios and to support a tailored, graduated therapy
the system should provide multi-media capabilities
within a configurable virtual environment (texts,
pictures, movies, 3D models).

To be applied in non-specialized therapists’ offices
the system should make efficient use of space (space
saving), be financially affordable and competitive



compared to methods and systems used to date,
consider the computer proficiency of practitioners, and
should be easy to use.

To support different types of collaborative therapy
sessions, the following location scenarios should be
supported: co-located in the same room, co-located in
different rooms, remote locations (e.g. for rural health
care).

Therapist

Figure 1. Principle of cMRET system

We propose a system principle as illustrated in
figure 1: The therapist is using a standard PC or laptop
computer, probably present in the office anyway,
which can be used for everyday tasks as well as to
control the cMRET system. This PC is connected to a
standard Intranet or Internet network. In addition to the
standard peripherals the PC needs to be equipped with
a web camera and audio devices, like a microphone-
headphone-set.

The client, as in many other VRET setups, is
wearing a (light-weight) head-mounted display (HMD)
connected to a dedicated PC. This client PC is
responsible for delivering the virtual world to the client
and is connected to the network. The client side also
uses microphone and loudspeakers (or head-set) to
make use of the acoustic properties of the virtual
environment and to communicate with the therapist.

Both client and therapist virtually meet in the same
shared virtual space, regardless of the physical
locations (co-located in the same or different rooms,
remote).

The cMRET  software  offers  different
functionalities for therapist and client, resulting in the
use of different hardware devices. While both have to
have the possibility to navigate within the virtual
environment, the therapist should be able to control the
entire content of the virtual environment, including the
environment itself, The client has limited access to
interaction since the main form of interaction for
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him/her is almost unrestricted navigation within the
virtual world, in particular the option to approach or
avoid virtual content as a main part of the therapy
recording. Therefore the client needs an interaction
device for the movement of his/her own “body”
through the environment (here either a 6DOF
controller, a Joystick or a standard computer mouse)
and a tracked head-mounted display. The therapist
additionally needs a means to control the environment,
e.g. a keyboard, but he does not need to wear a tracked
HMD. In contrast to other VRET systems, we opt for a
desk-operated setting, where the client is sitting at a
table, mainly to ease the interaction control and to save
space in the office.

All interaction with the environment and between
client and therapist takes place within the virtual
world. The (controllable) appearance of the therapist in
this environment should be convincing so the client
accepts the presence of the therapist in this artificial
world. Considering the issues with avatars used in
other VRET systems [20] we decided for a
representation found in some 3D teleconferencing
systems [17, 2, 13], where participants are shown as
streamed video textures mapped to planes interactively
moving in space. These studies already have shown the
convincing character of this kind of representation.

The multi-media content will be shown within the
virtual environment as an integral part, instead of
switching between different applications. For instance,
3D models are shown on a virtual table in the room as
well as pictures that are displayed on a virtual
projection screen within that room. With this, there is
no break in the metaphoric use of a virtual
environment.

To allow for a maximum range of Mixed Reality
content, we decided (1) for the use of an optical-see-
through HMD (controllable between opaque and
transparent view, ranging from VR to AR) and (2) to
include streamed video into the virtual environment.
This streamed content can either be a video recording
of a fear-evoking stimulus (e.g. a spider crawling over
a hand) or a live video stream from a camera serving as
a “window” to the outside world (Augmented
Virtuality).

In the following chapter we describe in brief the
implementation of this concept.

3. Implementation

Because of the similarities found in our analysis
between the desired cMRET concept and 3D
teleconferencing (3DTC) systems, we decided to base



our implementation on top of an existing 3DTC
software package, namely “cAR/PE!” [17].

Figure 2. Schematic architecture of 3DTC
system

This system already offers a functionality as follows
(see figure 2):

A certain number (usually three) of 3DTC
participant’s PC’s are connected via a network (Intra-
/Internet), each holding a replica of the 3D virtual
world model. A common request broker manages the
synchronization of the interactions (including initiation
and user interactions). The audio and video streams of
the participants are delivered point-to-point over the
network using standard videoconferencing protocols.

The synchronized virtual world displayed on each
computer as a three-dimensional meeting room
includes walls, a virtual table, several virtual
projection screens, virtual chairs etc. to give the
impression of a simulated meeting.

The participants are represented as video plane
avatars freely moving in the virtual environment and
controlled by the participants. With this, each
participant is aware of the other’s position and viewing
direction. This effect is even enhanced by the
provision of three-dimensional audio rendering.

Within the virtual meeting room different media can
be displayed and controlled (simultaneously): pictures,
presentation slides, pre-recorded video clips, computer
screens of connected PC’s, and 3D models (VRML,
Inventor).

This system was extended in different ways to meet
the needs of our cMRET approach (see figure 3).
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Figure 3. Schematic architecture of cMRET
system

First of all, the 3DTC system is extended with two
peripheral devices: (1) an optical see-through head-
mounted display, here a Sony Glasstron LDI-D100BE
and (2) an affordable six degrees of freedom (6DOF)
IR-optical tracking system (Naturalpoint OptiTrack).
The tracking system camera is placed on the desk
mounted to a tripod or existing monitor while the
necessary retro-reflective markers are attached to the
HMD (see figure 4). This placement allows for a
reasonable range and accuracy in tracking of the user’s
head position and orientation. Optionally, the system
can perform in 2DOF and 3DOF modes, where a
computer monitor is used instead of the HMD and the
clients head-turns are transformed into 2D rotations
within the environment.

Figure 4. Current experimental therapy setup
(client side)












